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Summary 

 
Choosing four Panamax-size bulk carriers and four Aframax-size oil tankers designed by different criteria in different times, 
reliability analysis has been performed to compare their safety levels from the viewpoint of ultimate hull girder strength in 
longitudinal bending. For evaluation of the ultimate hull girder strength and its sensitivities with respect to design parameters, a 
series of progressive collapse analysis is performed applying the Smith’s Method. On the other hand, applying the nonlinear Strip 
Method, time-dependent nonlinear ship motion analysis is performed to estimate wave-induced bending moment. On the basis of the 
obtained time history of wave bending moment, statistic characteristics of the extreme bending moment is estimated. Utilising the 
calculated results, reliability index and failure probability are calculated applying the First Order Reliability Method (FORM). 
Investigating into the obtained results, it has been found that in general the safety level becomes higher with the times depending on 
the design criteria. 
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Table 1  Principal dimensions of four bulk carriers. 
Ship B1 B2 B3 B4
L (m) 217.000 217.000 219.000 219.000
B (m) 32.260 32.260 32.240 32.240
D (m) 18.300 19.300 19.900 19.900

Built year 1987 1999 2007 design stage
Design criteria Old Class Rules IACS UR S11 IACS UR S11, 25 IACS CSR  

 

 
Fig.1  Half cross-sections of four bulk carriers. 
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Table 2  Principal dimensions of four oil tankers. 

Ship T1 T2 T3 T4
L (m) 234.000 222.128 238.000 238.000
B (m) 41.600 42.000 44.000 44.000
D (m) 19.000 20.300 21.200 21.200

Built year 1981 1992 2003 Design stage
Design criteria Old Class Rules IACS CSRMARPOL 73/78 Double Hulls  

 

 
Fig.2  Half cross-sections of four oil tankers. 
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Fig.3  Moment-curvature relationships of cross-sections 

(Bulk carriers). 

 

 
Fig.4  Moment-curvature relationships of cross-sections 

(Oil tankers). 

 

 
Fig.5  Stress distribution in cross-sections at ultimate hull girder 

strength (Ship B1). 

 

 
Fig.6  Stress distribution in cross-sections at ultimate hull girder  

strength (Ship T2). 
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Table 3  Mean values and assumed coefficient of variation of 

design variables. 
Variables Mean COV (%)

MS yielding stress of mild steel 284 MPa 7.0
HT32 yielding stress of HT32 363 MPa 7.0
HT36 yielding stress of HT36 402 MPa 4.3  
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Table 4  Sensitivities of ultimate hull girder strength 

(Bulk Carriers). 

Ship MS HT32 HT36

Sag. - 0.143 0.696
Hog. - 0.539 0.246
Sag. - 0.172 0.470
Hog. - 0.692 0.341
Sag. - 0.197 0.691
Hog. - 0.803 0.218
Sag. - -0.010 0.751
Hog. - 0.003 0.897

B1

B2

B3

B4
 

 

Table 5  Sensitivities of ultimate hull girder strength 

 (Oil Tankers). 

Ship MS HT32 HT36

Sag. 1.001 - -
Hog. 0.997 - -
Sag. - 0.829 0.045
Hog. - 0.411 0.285
Sag. 0.002 0.998 -
Hog. 0.034 0.959 -
Sag. 0.002 0.994 -
Hog. 0.029 0.959 -

T1

T2

T3

T4
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Table 6  

 

Table 6  Mean value and standard deviation of ultimate hull  

girder strength. 

Mean Standard deviation
(KN-M) (KN-M)

Sag. 5,138,299 162,116 3.155
Hog. 5,851,946 229,174 3.916
Sag. 4,496,783 105,823 2.353
Hog. 6,625,914 335,434 5.062
Sag. 5,955,330 195,137 3.277
Hog. 7,603,041 433,485 5.701
Sag. 6,172,885 199,443 3.231
Hog. 8,570,004 330,630 3.858
Sag. 8,204,811 575,160 7.010
Hog. 8,623,253 601,880 6.980
Sag. 6,440,337 374,120 5.809
Hog. 8,936,986 279,746 3.130
Sag. 8,112,384 566,533 6.984
Hog. 11,342,626 761,893 6.717
Sag. 8,984,390 625,382 6.961
Hog. 12,413,240 834,022 6.719

T3

T4

Ship COV (%)

B1

B2

B3

B4

T1

T2
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Table 7  Assumed still-water bending moment. 

Ship Still-water bending moment (KN-M)
Homo. 162,483 (in Sag.)

Alt. 1,224,180 (in Hog.)
Homo. 217,458 (in Sag.)

Alt. 785,752 (in Hog.)
Homo. 199,859 (in Sag.)

Alt. 1,296,058 (in Hog.)
T1 Full 780,425 (in Hog.)
T2 Full 489,990 (in Sag.)

T3, T4 Full 144,835 (in Hog.)

B1

B2

B3, B4
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Fig.7  Polar diagram of maximum significant wave height with   

      respect to heading angle (Ship B1, homogeneous loading). 

 

 
Fig.8  Polar diagram of maximum significant wave height with 

respect to heading angle (Ship T1, full loading). 

 

Table 8  Limit significant wave height. 
Heading angle Mean wave Limit significant

(deg.) period (sec.) wave height (M)

Homo. Deck wetness 180 9 8.826
Alt. Deck wetness 180 9 6.946

Homo. Deck wetness 180 9 9.211
Alt. Deck wetness 180 9 8.873

Homo. Pitching angle 0 12 11.717
Alt. Pitching angle 0 12 11.313

T1 Full Deck wetness 180 9 6.326
T2 Full Deck wetness 180 9 6.997

T3, T4 Full Deck wetness 180 9 11.870

B1

B2

B3, B4

ParameterShip
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Fig.9  An example of time history of wave-induced bending 

moment at mid-ship (Ship B1; homogeneous loading). 

 

 
Fig.10  Histogram of hogging bending moment in most severe  

short-term irregular wave condition (Ship B1; homo- 

geneous loading). 

 

Table 9  Mean and standard deviation of maximum bending  

moment. 

Standard deviation
(KN-M)

Sag. 2,205,994 248,968 11.286
Hog. 2,215,216 226,425 10.221
Sag. 1,670,937 164,641 9.853
Hog. 1,597,598 162,473 10.170
Sag. 2,423,384 247,055 10.195
Hog. 2,316,965 234,743 10.132
Sag. 2,426,837 255,982 10.548
Hog. 2,257,144 230,300 10.203
Sag. 3,345,956 287,874 8.604
Hog. 3,593,658 328,243 9.134
Sag. 3,238,615 303,776 9.380
Hog. 3,769,031 336,297 8.923
Sag. 1,995,599 215,908 10.819
Hog. 1,847,282 190,442 10.309
Sag. 2,128,436 230,937 10.850
Hog. 2,316,965 234,743 10.132
Sag. 5,671,367 636,904 11.230
Hog. 4,674,975 492,501 10.535

Homo.

B2

Full

Alt.

Full

Full

Homo.

Alt.

Homo.

Alt.

T1

T2

T3, T4

B1
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Ship Mean (KN-M) COV (%)
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Fig.11  Reliability indices and probabilities of failure.
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Table 10  Reliability indices and probabilities of failure by  

FOSM. 

Ship Reliability index Probability of failure
Sag. 9.309  10-50

Hog. 11.778  10-50

Sag. 17.942  10-50

Hog. 9.888  10-50

Sag. 6.883 2.931 x10-12

Hog. 11.040  10-50

Sag. 9.918  10-50

Hog. 8.646  10-50

Sag. 6.917 2.308 x10-12

Hog. 7.736 5.107 x10-15

Sag. 10.461  10-50

Hog. 4.502 3.366 x10-6

Sag. 7.489 3.464 x10-14

Hog. 11.100  10-50

Sag. 10.965  10-50

Hog. 7.166 3.856 x10-13

Sag. 11.287  10-50

Hog. 9.426  10-50

Sag. 8.639  10-50

Hog. 19.297  10-50

Sag. 3.033 1.210 x10-3

Hog. 7.189 3.264 x10-13

Sag. 3.873 5.366 x10-5

Hog. 7.839 2.220 x10-15

T3 Full

T4 Full

T1 Full

T2 Full

B3
Homo.

Alt.

B4
Homo.

Alt.

B1
Homo.

Alt.

B2
Homo.

Alt.

 
 

Table 11  Reliability indices and probabilities of failure by  

FORM. 

Ship Reliability index Probability of failure
Sag. 5.819 2.966 x10-9

Hog. 7.394 7.105 x10-14

Sag. 10.722  10-50

Hog. 7.881  10-50

Sag. 4.482 3.690 x10-6

Hog. 7.923  10-50

Sag. 5.903 1.783 x10-9

Hog. 6.505 3.874 x10-11

Sag. 4.704 1.273 x10-6

Hog. 4.361 6.471 x10-6

Sag. 6.492 4.228 x10-11

Hog. 3.876 5.299 x10-5

Sag. 5.042 2.298 x10-7

Hog. 7.947  10-50

Sag. 6.744 7.729 x10-12

Hog. 5.466 2.295 x10-8

Sag. 10.732  10-50

Hog. 9.792  10-50

Sag. 6.421 6.757 x10-11

Hog. 10.640  10-50

Sag. 2.765 2.843 x10-3

Hog. 6.552 2.831 x10-11

Sag. 3.440 2.912 x10-4

Hog. 7.332 1.131 x10-13

B1
Homo.

Alt.

T2 Full

B2
Homo.

Alt.

B3
Homo.

Alt.

B4
Homo.

Alt.

T1 Full

T4 Full

T3 Full
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