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Abstract
The application of the reliability analysis is investigated as a probabilistic approach

to the assessment of ship s structural strength and to the establishment of design for-
mat for longitudinal strength. Reliability analyses are carried out for 34 ships of
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tankers and bulk carriers built in HHI for some failure modes such as tensile yielding,
compressive buckling and ultimate strength of hull girder. The safety assessment of
each ship, the calculation of sensitivity factors and the derivation of target reliability
index are performed. As results, the difference of reliability indices among ships is

great for all modes.

To provide more uniform levels of safety the establishment of new strength criteria
using partial safety factors is performed. The partial safety factors for the design for-
mat are obtained according to the AFOSM method and the reliability-conditioned (RC)
method. Finally, a design format using partial safety factors has been proposed. We
could find out that new strength criteria can produce consistent reliability indices which

are close to the target value.
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d,=-0.172, d,= 1.548, d;=-0.368 : sagging
d;= 0.003, d,= 1.459, d;=-0.461 : hogging
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Table 3.1 Principal particulars of tankers (in MT, m)
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Table 3.2 Principal particulars of bulk carriers
(in MT, m)

Ship PS8 pwr [ 18P | B | D | B | Z | Ref
Date

Bl {83.7 ] 45.000] 1850 | 3224} 165 | 15775 | 20.536

B2 | 84.5 | 168,500} 2824 | 45.0 | 238 |42.358 | 48.350

B3 | 84.8 |144.600| 260.2 | 42.97 | 23.77 [ 33.087 | 42.952

B4 | 85.7 |127,000{ 267.3 | 42.5 | 22.2 [33588 | 37481 | Coal

B5 | 85.7 |365,000] 3280 | 63.5 [ 302 | 79472 93.999 | Pure Ore

B6 [ 85.7 [200,000{ 298.0 | 50.0 | 24.0 |51.898 | 56.625 | OrefCocl

B7 [ 85.11 | 36500 175.0 | 280 | 161 | 8.580 | 14.120 | Cok. Luad

B8 | 86.2 |186.000) 280.0 | 480 | 245 |43599 | 49.711

B9 | 87.11 | 64,000| 2156 | 322 [ 180 |17531] 25119

B10| 88.6 {122,000 256.0 | 4042 | 212 | 30428 | 37.978

BI1|88.6 | 69,000) 219.7 | 32.2 | 183 [17.017 | 23520

Ship{PeS8" | pwr | 1BP | B | D | & | Z | Ref’
Date

B12|88.7 [148,100| 259.0 | 430 | 238 [32.952 | 44.338

T1 {83.7 ] 40000] 184.0 | 304 | 178 | 18994 | 19517 PC

BI3 | 88.12] 37,000 178.0 | 284 172 | 9946 | 18344

T2 | 83.11) 65,0001 2208 | 32.2 | 182 |19.581 | 21.169| PC

Bl4]89.5 | 41400| 176.0 | 305 | 15.95 | 10.222 | 15.680

T3 [84.2 | 83.900{ 236.0 | 420 | 192 |27.507 | 30.1%4

B15|91.7 {150,000{ 270.0 | 45.0 | 23.8 |37.652 | 48.788

T4 |85.1 ] 84.000) 2340 | 4267198 | 28.785 | 31.000| PC

B16 | 91.7 |207,000| 300.0 | 50.0 | 25.7 |53.082 | 59.405 | OrefCodl

T | 8510 38500] 169.0 | 322 | 17.45 | 16.239 | 20.3% | DB, PC

B17]93.6 | 72,000 219.8 | 32.25 { 190 |17.086 | 24.178

T6 | 86.3 11250001 238.0 | 45.0 | 23.35 | 31.622 | 38.289

T7 [ 86.9 [114.200] 234.0 | 4267 | 215 | 29.242 | 32.316

T8 187.21239.800) 3050 | 58.0 288 |60.173 ! 79.728

T9 | 86.121254.000) 310.0 | 5.0 | 255 | 67474 | 77.079

TI0 1 87.4 | 39720 177.0 | 2743 | 17.0 | 15203 | 16315] PC

Tl { 8712148000 258.0 | 432 [ 249 |38.022 | 42.755

T12189.9 |281,000| 310.0 | 560 | 314 |64.222 | 72407

T13|90.3 [153,000| 264.0 | 43.9 | 244 |38.1981 49274 | DB

T14 [ 92.4 |280,000{ 317.0 | 59.0 | 31.5 |#89.979 (122971 | DB, DS

T15 | 92.8 |300.000{ 318.0 | 58.0 | 315 |73.683 | 80.166

T16193.5 ) 29990 170.0 | 30.0 | 144 |12485) 12387 PC

T17193.5] 18.130] 1520 | 258 | 10.8 | 8408 | 8280] PC

*PC : Product Carrier
DB : Double Bottom
DS : Double Side

REGEANARSCR 5 32 2 58 | B 19954 28

3.2 2124 349 43}

TEEY 7l A e ARYE, FEH2,
Jegd, HE5E9 59 o2 ¥ £ oj89 2
g gu2 veiidoy & dMeoae it
A9 ARWE, B3R ¢&F2 aela H2E
12 A4 Aore HAFA= o 8 AN
YL FYFAT. I e BP AL e 2ol
T3kt

g =M -M.-M (3.1)

M, Aute] HF3E FHURRESZAN 22E A
& Jeh o M, 3% FIEHE M, 3§ o
. M, o &8 S4& thdd gon ol ALRE
HrE BRI de I¢ £32 Gumbel £XE @
&},

(Ba) =VWBM(1+0.577216/(8 In 10) (3.2.a)
(#EHAH)=VWBM -n /(8/6 1n10)  (3.2.b)



o714, VWBME DNV A273 (19949) 9 ut&
o g3 2l Eolt},

A4S FYEANE M ITELE Ecta 7H3
8929 Table 3.322%H HFL 0.6 EFAs}e
0.22 7Fg&iet.

Table 3.3 Stillwater bending moment
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ot X9 #8542 Table 3.49 ZrH8].

Mu = XR (d1+d2¢ +d3¢2)Mp (35)
Table 3.4 Probabilistic characteristics of parameter Xr
Mean COV(%) Distribution Type
Sagging 1.032 8.14 Normal
Hogging 1.085 5.99 Normal

3.3 A=y 84 Aot
A4 APl B 44 FozAel Azl A
%9 1As $AA S4E Table 3.5 Felshaeh.

Table 3.5 Calculated reliability indices

Reference Ship Type Loading 'y a
Mano(5) | Containership 69.8 | 21.6
Mano(5) | Containership departure 674 20.2
Soares(6] | Containership 71.5 | 20.1
Mano(5) Tanker loaded =140 | 221
Mano(5) Tanker loaded(dep.) | 64.8 | 21.0
Soares(6) Tanker full load -26.3 | 383
Hart(7) Tanker loaded(dep.) | -67.0 | 15.0
Mano(5) Tanker ballast 514 | 588
Mano(5) Tanker ballast(dep.) 62.7 | 58.6
Soares(6) Tanker part load 330 | 304
Hart(7) Tanker ballast(dep.) 67.0 | 15.0
Soares(6) | Dry Cargo Ship | (L=170 m) 500 1 29.9
Soares(6) |  Bulk Carrier part load 135 | 421
Soares(6) |  Bulk Carrier full load 790 | 341

* normalized by the design value(=100)

e Qs SAgS (1)
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3 oM &Y BHASENEH 23 &R

FE A do& AFSud.

M, = Zy9, (3.3)
A7e BTel EEE BAGA (1)
Bge 232 Axe COV=0.06°12 FTE
22 met 4% AR g2 2390,
M, = Zo0,= Zn 0", (3.4)
47} Aojrlel HEAE £7%A (I, V)
B, & 08 7174 A BAW el A &
4 29 ZAE M,2%H 2% 29 2HE ME 7

Brh. Aeke wawe) AAE 7ol B (EAR
1) sH24iel $olA =& aol 5in 379 A%
(Blkal Ve w2 A7) 9o 4% 299 o
A X & Bt AF ZEAE The3} 2o] B

Mode Tanker Butk Carrier
Ship No | I I ] [ I I I

1 756 {4.21 [ 489§ 7.37( 5.7113.20 | 527 | 6.81
2 554 12301359 |590] 533|283 |4.376.00
3 536|149 {289 |5.79| 5331201399 |6.09
4 5791188304588 526|267 |507|653
5 6.51 | 345 | 6.26 | 813 5.02 | 2.77 | 4.38 { 6.02
6 547 (0.19 | 2.51 | 6.46| 558 | 342 | 465 | 5.97
7 533]210|321}553) 575|076 | 322|693
8 537 1217369617 508|301 | 454 | 544
9 5321084 |2761627| 482|170 | 3.36 | 5.69
10 731 424515731} 524|295 |4.07 541
11 5571205344 |6.05| 548 118|294 | 566
12 546 1195|345 6.01) 5231208 |4.18) 627
13 566|035 213|621 552177 | 423 ] 6.83
14 510 | 2.76 | 543 | 7.55] 5.22 | 1.89 | 4.16 | 6.33
15 511 | 2.35 1 353 | 568 527 (2.20 | 3.81 | 594
16 582 1264|298 505| 570 |3.72 | 457 | 570
17 6.48 | 3.50 | 3.19 | 530 522 |1.21 | 3.48 | 5.87
Mean |5.81 2326|366 627) 534|232 |4.14]6.09
COvV(%) | 125 | 51.7 | 30.6 | 135} 4.79 [ 36.5 | 152 | 7.72

Az A A5 AP B 8E] 73
S0l Web 4gsl 2% P o UA 4 3,
9% Aol 54 2390l ta H7jg Hgo]
R Ackw e Rk duel A %
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7} Sltke Rol2 o)A olfRE FEYE @ 4
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o] & A= A% folct.

ALE 78T o] BF HHG Pl E
fAZtEZ ol2%E Y SE A= AsE 7

a4, A3

F ed §4 FEgE AEET. B dFdMe
Table 3.59] A= X|4gkell g3t g gay
B 3 37& &7 A% A48 783 (Table 3.6)
ol§ ZX NI & A5 A8

Table 3.6 Target reliability index 3,

Ship Tanker Bulk Carrier
Mode P, B P, B

I 4.326x10* | 5353 | 1406x107 | 5.136

I 1.702%10% | 2120 | 1494x10* | 2172

I 5818x10* | 3.248 | 4.789x10° | 3.901

I 2.591x10° | 5445 | 5.823x10° | 5.705

AR Ase 7 &giFTt FA e viAe 9
o) AA F24& veile A W B4
B=7t E4F o] fo] AXA vt ¥ FAFAC B
3 FHHezE (3.6)43% 2ol #EHT 7 ¥
Aol W3] AN A3 Table 3.79) g2 AT

%8
O'Xi [ 3xi Jk

si=(2)

a}7]A], * : Most Probable Failure Point
(MPFP) o i3t gk

oo

Table 3.7 Sensitivity factors
Factor Tanker Bulk Carrier
Mode O | O | & | O | ey | O

Mean |-0.330 0.824] 0.444|-0.361| 0.819 | 0.440

COV(%) | 159| 858 194| 769 469| 13.1

Mean |-0.561| 0.508| 0.643(-0.565| 0.543| 0.610

: CoV(%) | 3.08] 17.7) 124 261| 156| 132

Mean |-0.735| 0.460| 0.493 | -0.727] 0.523| 0.435
! Ccovi%) | 3.34| 120} 1011 168] 123) 154
" Mean |-0.538| 0.732] 0.409(-0.523] 0.757 | 0.388

COV(%) | 592| 7.78! 151 265 451 125
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Table 4.1 Ratio of mean wave and stillwater moment

Mode
Ship [ I i N

Range |1.61~3.20|1.86~3.43|1.86~3.43[1.61~3.20
Tanker Mean 2.4 2.81 281 2.44

CoV(%) 16.3 146 146 16.3
Range |2.20~3.07)2.36~4.19)2.36~4.19|2.20~3.07

Bulk | yean 261 | 305 | 305 | 26l

Carrier
COV(%) 10.1 155 155 10.1

3.0
1 ¢~¢ : Resistance
s=e : Wave Load
] o0 : Stillwater Load
"
k2.0
<
3
<]
Y
>
s
-~
S 10 — ——
“ e — ¢ e e
0.0 +——v———F——T—— T T T
,00 1.0 2.0 3.0 40 5.0 6.0

Wave/Stillwater Load Ratio
Fig.9 Variations of PSF for mode | by AFOSM

3.0 1
o0 : Resistance
4~s : Wave Load
o—0 : Stillwater Load
§ 204 W
S B
[
? W
S 1o
e p—————————————
0.0 T T T T v T T ¥ T v T
1 2 3 4 L] 6

Wave/Stillwater Load Ratio
Fig. 10 Variations of PSF for mode | by RC
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F ZAoog A Heg ASLE ke sjAiglol
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3.0 q
94— : Resistance
a—a : Wave Load
o—0 : Stillwater Load

Safsty Factors

0.0 ) |.l° T 2.‘0 ) 5.:1 ) 4.'0 T 5.‘0 ) 6410
Wave/Stillwatler Load Ratio
Fig. 11 Variations of PSF for mode f by AFOSM
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Fig. 12 Variations of PSF for mode § by RC
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Fig. 13 PSF of tankers for mode | by AFOSM
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Table 4.2 Partial safety factors with RC method

Ship Tanker Bulk Carrier
Mode
Mode | Mean §0.820 1.327} 2.019) 0.808{ 1.296 | 1.957
| COV(%) | 340 | 1.07 | 133 | 1.82| 065 | 0.86
Mode | Mean [0.915| 1.075| 1.381| 0.912 1.076 | 1.386
I COV(%) | 0.03-| 020 | 056 | 0.06 | 0.11 | 0.29
Mode | Mean |0.822§ 1.134} 1572} 0.782| 1.171{ 1675
B [ COV(%)| 005016 033 0.21{ 0.05( 0.10
Mode | Mean [0.765| 1.284| 1.934( 0.752| 1.309 | 1.983
¥ | COv(%) | 034) 026 035] 033} 0.30 | 0.39
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Table 4.3 Partial safety factors for the design format

Ship Tanker Bulk Carrier
Mode Ve 7s Yove %
Mode [ 1.620 2.463 1.603 2422
Model 1.175 1.510 1.180 1.520
Mode 1.379 1912 149 2.142
Mode ¥ 1678 2521 1.739 2.636
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ol o 238 A,
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M,=1.3T9 M.+ 1.912M;: F24 4.9
M,=1.498 My + 2.142M;: €A (4.10)
A7V, Mye + Myl S3(A 3.2.2)

M;s : design value® 60%
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Table 4.4 Reliability indices with new design format

Mode Tanker Bulk Carrier
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COV(%) | 375 | 1.40 | 0.05 | 0.08 | 2.09 | 0.05 | 0.05
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