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Abstract
The rehability analysis for web frame of tanker is carried out by the probabilistic finite element
method combined with the classical reliability method such as MVFOSM and AFOSM which can be used

for calculating the probability of failure for the complicated structures in which the limit state equation

is implicitly expressed.
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As random variables external load, elastic modulus, sectional moment of inertia and yield stress are

chosen and Parkinson’s iteration algorithm in AFOSM is used for reliability analysis.

By adding only the covariance data of the random variables to the input data set required for con-

ventional finite element method, the present method can easily calculate the probability of failure at

every elernent end as well as the covariances of structural reponses such as displacements at every ele-

ment end and member forces at every element, even for the complicated ship structure.

Ed(Second Moment Method )& <}
steMe vl gt 3?4%%% T8 5
denw geol AMS-Ei gli=d), 23 Z9ue
W g AL g3l FEREY mEEgs T8l
AfAE A o 712 FEgdse g5
Hel 2 ‘S‘Q’f’}?ﬂ 284 g 973 Ak

O

gy ﬁﬂl% “3%‘ Ml (explicitly) “jebfi=
E9 AFgHN e 292

)Q‘r’“’] ""Eﬂ e HHsA Y F
e B3 FRE A5, #HES Fi
X "l o 24 Monte Carlo Method{1]7} &=
¥l Monte Carlo Method: #E&WH4Z 747t o)
gl gt E $% (random generation)s}t
T, o] o 7| FxaM WY E 534
e Frud File 3AE oA g
o, A A §Fad 54 ¥43 3t
AZEE F3te Bygdd, A= HA$ex )
S+ A RAGgES 7€ 5 AAR F23
A& ol Faof sl A|7te] Fr}s)A
28 5e ddo] o] B FxE AFHA
Al e AP A ¢dow, ol Talsiyor
¢ (A AFE) AR E AFsed F

2 AbgET gl

d WU[2]+= &A™ §54F 483 o >
of Wk AN oz 33
Ak vl Qled, W94 dag &
H Ao AES ol HIARAE Fo)
stjdg TARA IR, o)7)el  Rackwitz
ﬁﬁmelﬁézh}%ﬁ%-# 3to] st=jgE

S Ak AT o] wn 3 HEAol g
B_?E} gad Ao FES Fed ¥ A3lke]
2o FHY 3y FEHPE0] X2 Eg)ooo}
Fgode el

ofef wbsl 19701} Fubk olF sty &
£-%F o &~ (PFEM ; Probabilistic  Finite Ele-
ment Method) & F-Z&)4& o i ¢4
o2 A PAREE o F QJonz
A} o] Bagt FRE AHAN A A
T wbge] "o €9 fdssnel #F
°o]FE =93t FE fF¥2HE FERHH
ALR-gE ol gl AW FERaAH A9
HAAdH FFAAE it Aol diffeln Al
A ol2Hey AAAH AFES A dFe
o} & ujFJt Abelojr}.

TZ Ao & #3940 E HgeoR2 &
g Aleke 1975 Handa[3]e|t}. 2%
Nagagiri®} Hisada[4]+= A 98 AAs
B} HE FPa2He o TR 4 Ropo
43 v gloy 8 FF2 @A EAS
Fahed 2HE F9od, olE Az
23 o= KiureghianZ[5,6] 2 Mahadevan
(7], =z <8915 A7k sk 3[10]
&e F2ye 2Py o8 A
3 FEEY SHAEY EAEAS 7

At

o
o 2
o

2 o dr o
2
ot
ttjo

o
u}

Transactions of SNAK, Vol. 28, No. 2, October 1991



ZE e oy 9§ A Fx e da) A
2 AFdAME #EF fPeaye ugs
(sensitivity) 71 doll &l AA3eln o] ¥
%ﬂ A o] F AW e sl 23
FEH e S8 AFSEE i A4
zs}o:] 242 web frameo] AP
83l At

2. MEIMSA el HAls)

ANEAd g 3] s HA AEiger
S Aefstojol grl Al FE AR A
ojat7) el obel ch2x|gk elubzo g o 7
& 37 A2 AA e 5 U

(1) Serviceability §F#) A} el

) & (Ultimate) A AL
) 2 FHA A E

Serviceability A FREe] Yiio)
2o Ve AAHstE 4SS, HAE ¥4 2
He FRE0] 24 2 HEfor 94xs
A5, 92 PA AHe FrREo

SR
32 53¢ wol vwrol WASE A4E 4
7 @A AR By Aol 2 h—w A

o] 5 3 serviceability &HA) Abel] 2 4], * B9
alole] "ol 1] S o] RS Lt‘lol 2]
€ 255 ALdE Aolstodrch
Serviceability 3ol 4] A Abel] ulA Al (S
S AHET GX)NE g el ¥ds=
el AwAelch %, i) WY joll ozl

Z=G(X)=06,—-0,X)=0 (2.1)
234N E AR Folx: A Ay w
Aol tizte] BE FRaae AEHA 2
A mewlE 9y (MVFOSM, AFOSM)l s
e Hge Fabe e AR 24 &
FHE e Auagsst a3, #
F OlES vE A4E F gloni wA 4y

g Ad¥strlAc drf o] A dEFWS
o] HFAANA AYFstE 4 E MVFOSM
(Mean Value First Order Second Moment Meth-
od), st¥® AHeo] G Ao} o] Hejl4] A1y

KEEAE SR CE P28% 2% 19914 10H

243

513l 398 AFOSM (Advanced First Order
Second Moment Method) 0.8 B &3}
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normal distribution

Table 3 Mean and Variance of Stress for the

Web Frame
(unit ; ton/m?)
T T T
T node Lc1 Lz LC3
ber

1 12412.0 (36.70) 6178.1 (30.34) 4347.3 (5.25)
1|2 7306.9 (29.77) 4416.5 (30.15) 4065.7 (3.31)
3 4077.8 (22.70) 6467.4 (31.31) 6548.7 (5.88)
i 21727 (48.38) 7328.9 (26.80) 7173.2 (2.95)
3t o2 3413.0 (56.36) 3690.5 (19.77) 3273.5 (3.01)
3 13216.6 (17.27) 5063.6 (18.69) 6639.7 (2.54)
1 91919 (24.81) 5397.7 (15.21) 4895.4 (2.04)
5 2 12013.8 (22.18) 57919 (14.10) 4625.1 (1.86)
3 17459.2 (18.86) 6804.7 (13.16) 4472.9 (1.80)
1 17684.9 (19.67) 8501.3 (12.04) 5166.3 (2.92)
7 | 2 6314.3 (37.76) 6917.6 (12.27) 5632.0 (1.26)
3 61313 (40.89) 7948.3 (13.60) 8327.9 (1.92)
2760.2 (61.55) | 178980 (14.75) 15958.1 (0.74)
9 | 2 4348.0 (28.18) 6960.3 (11.74) 6370.8 (1.31)
3 57355 (18.23) 4882.9 (12.65) 3340.3 (1.50)

( ); C.OV.(%) of stress
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Table 4 Results of Component Reliability Analysis for the Web Frame
mem- node PFEM-based MVFOSM PFEM-based AFOSM
ber LC1 LC2 1.C3 LC1 LC2 1.C3
! B 2.251 5.853 8.152 2.205 5.742 8.146
Pf 1.221e2 2421e9 1.793.e-16 1.374e-2 4.674e-9 1.886e-16
| 5 B 5.153 7.135 8.293 4.814 7.130 8.293
Pf 1.279e-7 4.826e-13 5.525e-17 7.406e-7 5.036e-13 5.832¢17
3 B 7.745 5.583 7179 5.538 5.399 7.148
PI 4.784e-15 1.182¢-8 3.500e-13 1.532e-8 3.350e-8 4.403e-13
) B 8.331 5.376 6.984 8.115 8516 6.984
Pi 4.016e-17 3.808e-8 1.433e-12 5.986e-16 8.273e-18 1.433e-12
3 9 B 6.721 8.097 8.622 7.231 8.385 8.622
Pf 9.048e-12 2.825¢-16 3.283e-18 2.396e-13 2.541e-17 3.286e-18
3 B 3.256 7.340 7.216 3.248 7.291 7.215
Pf 5.657e-4 1.067e-13 2.683e-13 5.810e-4 1.542¢-13 2.689%-13
y B 4473 7.334 7.953 4.464 7.308 7.953
Pf 3.865e-6 1.118e-13 9.078e-16 4.024e-6 1.354¢-13 9.080e-16
5 2 B 3.342 7.182 8.068 3.291 7.158 8.068
Pf 4.156e-4 3.426¢-13 3.583e-16 5.000e-4 4.084e-13 3.583e-16
3 B 1.605 6.712 8.132 1.597 6.696 8.132
Pf 5.423e-2 9.566e-12 2.116e-16 5.50%-2 1.072e-11 2.116e-16
) B 1.494 5.940 7.832 1.492 5.905 7.831
Pl 6.753e-2 1.425¢:9 2.403e-15 6.790e-2 1.767¢-9 2.427e-15
7 5 B 5.227 6.710 7.650 5477 6.707 7.650
Pf 8.605¢-8 9.716e-12 1.005e-14 2.157e-8 9.955e-12 1.004e-14
3 B 5.149 6.098 6.516 5.841 6.059 6.519
Pf 1.312¢-7 5.364e-10 3.620e-11 2.602e-8 6.838e-10 3.646e-11
i 8 7.223 1.710 3.347 7.007 1.705 3.347
Pf 2.538e-13 4.360e-2 4.088e-4 1.218e-12 4.408e-2 4.088¢-4
9 5 B 7.293 6.721 7.341 7.033 6.101 7.341
Pf 1.519%-13 9.023e-12 1.060e-13 1.011e-12 5.270e-10 1.059-13
3 B 6.404 7.714 8.606 6.358 7.554 8.606
Pf 7.556e-11 6.091e-15 3.772¢-18 1.023e-10 1.115¢-14 3.771e18

AT 5 A9 JAFE vHA g AR
vebstel, vlE B o2 LC2 49 9 F-A)
18 AR gstdE e A4g Fasd
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Ak F22 (FAR /AR vlE T ¥
A7b <k 1.10, 91 Er} of 0.07o]ch. whel4]
(FAR/BRAR) W 2 A st
span point®] 9AE 7H5e @ Hs| A
£ s} wpRA ek = @A A el
AgE godol UL oo B9 9 A
o] Ge BF 2P $HeHe Ad
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