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AN ITERATIVE FAST MONTE-CARLO PROCEDURE USING CONDITIONAL FAILURE PROBABILITY
AND ITS APPLICATION TO TIME-VARIANT STRUCTURAL RELIABILITY ANALYSES
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By Wataru SHIRAKI and G.I.Schuéller

An efficient simulation procedure for structural reliability analysis
is proposed. First the concept of the conditional failure probability
with given system parameters during the lifetime of structure is
introduced. Then the overall failure probability is efficiently
determined using the iterative fast Monte-Carlo procedure. The mean
values of the importance sampiing density function are selected to be
the center of domain which contributes most to the overall failure
probability. In numerical examples, the applicability of the
suggested method as well as the advantage over existing accurate
methods are shown.
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Table 1 2B REERT. SHEFKEE LTIZIFNPUC, IFMB L NISPUDD 3 2% F 27, WFhDFER

BWTL, GHERVANL/TR0R W, RADE#REEES (2OoWTUL, POBEREOKEZFEL . /N—
R THRRL TS, RPSELHL X I, FRXTRELCIFPUICIZE DFoRERIZ. 32
- ayEHN, CPURKHE. BRAZES OWTHOHBIZBWIL., D 200FEICHERNTERTS
N, COKFEDEDEPREING., B, RO—FBTOBISRENTWAERIE. 1 TAH2XE— AL B
BICL AP EIEERTHN . ZoMEDL S CIRBHEOBVRBEICS WTIIRIBEMEIC X 2 FETIZ
P DDREPLE LB H5,

Table 1 Comparison of Resuits for Example I

Method Run Pe Statistical Total Number of Simulation
No. Error:sie(% CPU(sec) | for One Run : N
[FMPUC 1 0.591 10-2 0.0
2 0.591 10-2 0.4 4.3 100
3 0.590 10-® 0.9
3 o(03% 10| 9
. . 13.5 500
3 0.589 10-2 0.3
IFM 1 0.589 10-* 9.9
2 0.504 10-% 9.2 4.7 100
3 0.539 10-2 7.1
1 0.575 10-° 4.7
2 0.559 10': 4.7 14.0 500
3 0.559 10~ 5.0
1 0.575 10-2 3.3
2 0.563 10-2 3.3 26.4 1000
3 0.597 10-2 3.5
[SPUD 1 0.554 10-2 3.6
2 0.604 10-% 4.2 32.2 1000
3 0.569 10-2 3.7
1 0.588 10-2 1.5
2 0.577 10-2 1.6 157.3 5000
3 0.576 10-2 1.6
First Order - 0.332 10-® -— — —_—

LEtEf 2]

BRsMELZ XT3 | HHERSACHNGEENRELE 2 510, BRADNLDIZ. HEIZAT 2068
HTEFMET 20, SMELOBE L 6T ICHHREIIRRRR & LTET MUY 5. MERIIBDAREE
THRBREARTH LY . ROEHERIB L 6 VICHBERIIHRERE LTEFMLT S, £LT. Zh
HOWEEBIZEVIHTI THS LRET S . BHBRF 0. FO=SOmgTRLINILNDLTS.
SR mITER, g IZENMEE, SOUIANRT MVEES, BRFETE2E T 5/ AR EETARET
Hb, BEROBEFFERIEn(cps) . BRERIIC LT, BEERE LTI, no=Xy, £=Xs, So=Xs
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BIUT=XD4202FEZL . INLBENFNKICTRIREFHBIHILDET S,

no=X=Normal, N{u x1=2cps, 0 x:=0.2cps)
& =X.=lLognormal, LN( 1t 22=0.02, 0 x2=0.008)
S o=Xs=Type I Extrenme, EXT (1x5=0.25, ©xs=0.15)
T=Xs=Lognormal, LN( 1t xs=10sec, o x4=3.0sec)

ST, BOUGEPEZ LN WEHEL NN d 2EBTAIL VW MELKRBERLEL 2L S5 0%
AT D NG X—=F X=X, X2, X, Xa)HBX=x. Fhbb, Xi=x:, Xo7Xxe, Xs7Xs, X4=X4t‘4“5ﬁé
EBLVIRHDL L TORMEN S RBRBIIGHELTHARSRITICLD . XATHLNS,

c 8w 2x,%xad?
Pi(x) = l-exp {-x1x4exp (- ——-—1—2-——)} (30)

X3

Table 2 {CEHEERZ T, SHEFEL LTIL. IFPUICEBEDE Y FALQEN2ORE LR, ZOH
EWTL, FHEICEL TI VAXLL/T50% v/, BOWEEL )L LTIk, d=0.33,0.50,1.00(ft)
32DLNLVEHE LT, RPSHLPLE LI, WEELNL d B d=1.00(ft) L BWHE. Thbbikif
REP HIEFICPSLBELEHAIE. BEDTVFALOQETIZY I 2L — 2 »ERN=50000[H
CPUKME 828680 B CHEMBHEFTRES (27.55L T20HR- L THB, Lip L. IFHPUCTILd=1.00
(ft)DHAIZY I 2L~ g AR N=2000+3=6000E . C P UBsE61. 3B DFHETS 1:=3.3%OKED &
WERPBONRTWS, IFNPUC DFFEETIIBIBRRROANMIPLL 5 TEVWGERBITEERVWIER 2
[BHLIENTES.,

Table 2 Comparison of Results for Example 2

Threthould R | Run P Statistical |Total Number of Simulation
Method Level :d(ft) | No. Brror:Se(¥) | (PU(sec) | for One Run:N
[FMPUC 1 0.228 5.0
0.33 2 0.20 2.2 41.2 2000
1 0.350 10-* 7.8
0.50 2 0.340 10-* 2.4 41.3 2000
1 0.425 10-2 31.6
2 0.435 10-2 7.7
1.00 3 0.492 10-® 3.3 61.3 2000
Monte- 0.33 1 0.224 1.9 79.3 5000
Carlo
0.50 1 0.330 10-¢ 4.4 78.8 5000
1.00 i 0.662 10~ 18.6 81.0 5000
1.00 1 0.600 10-° 11.8 159.3 20000
1.00 1 0.5375 10-° 7.5 828.6 50000
6. HLHE

ARATIE . EMOBIBRRELHET 2000 YL 7 v/ FELRRL:, 23, REFEHK
BREROBZEFHAL T, FMEDRTE 1 0856 LTHELEIIND | SLHICEHBAREERD IHHDG
B2l BOBRLEEL THANOEERWS L OBRL L7, COFEIHRICHEET
LEBEREDAL L FRRICEFE L WERERBEICLERATRTHE L 2RLA, 2. 20038
P X DRELLFES P LD DS VEBRREOGRICRLTL . i) 7 V7 FECHX TSRS
TnyIal—yavE¥. CPUBBITHELISRDLNSE I L ERLE,

COFEORER L LTI, KA XBERESR(10) TRTL I LBLBTRD 5 2 L FEBLHEAR
AL 2., CHIILHAICLEFESEDTH 270103, R EBEREL WHRICHRISBLETH
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