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Estimation of Structural Failure Probability Based on a Quasi Ideal | mportance
Sampling Method
- Construction of aQuas Ideal Importance Sampling Marginal Density Function
by a Repetitive Simulation -

Shoya OKUDA

This paper is concerned with the estimation of structural failure probability based on a quasi ideal importance sampling
combined with repetitive simulation procedure. A quasi ideal importance sampling joint probability density function
combined in the conditional expectation is composed on the basis of the ideal importance sampling concept and the
respective marginal p.d.f.s are constructed numerically by using small samples. The respective marginal p.d.f.s are renewed
in every repetitive simulation procedure until they converge to a certain quasi ideal sampling distribution and by using the
resultant marginal p.d.f.s the quasi ideal importance sampling simulation are executed to estimate the failure probability of
structures with multiple failure modes. Numerical example shows that the proposed method gives accurate estimations with

shorter processing time.
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Table 1. Statistical data of basic random variables for
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Figure 1. A 25-member truss structure
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Case 2
Variable Mean value standard deviation

Ty, Toy ey Tg, Tag 15.0 2.25
T, Tas 36.0 5.40
Tz, Taa 18.0 2.70
Ta3, Tz, Tag, Too, Tos 10.5 1.58
Ti6, Tos 42.0 6.30
Tig, Toz 7.50 1.13
Too, To1 15.0 2.25
Fi, F; 10.5

2.63
Fo, Fs4 8.40

2.10
Table2. List of the limit state functions.
Mode no. Limit state function

1 T,140.375 T13+0.3 T20+0.3 T2

—0.625 F; -0.5 F, —0.25 F; -0.125 F,
2 Te+0.375 T13+0.3 Tpo+0.3 Tos

—0.125 F, -0.25 F, -0.5 F3 —0.625 F,

3 To+ Tao+1.125 T13+0.9 To0+0.9 Ty

—0.375F, -0.75F,-1.5F; -1.125 F,
4 T+ Tio+1.8 Tor+1.8 Toy —2.25 F3 —1.5 F,
5 Tyt T+1.125 T15+0.9 To+0.9 Ty,

~1.125F, -1.5F,-0.75 F3 -0.375 F,

6 T1+0.6 T10+0.6 T20-0.75 F; —0.75 F,
7 Te+ 0.6Tp+0.6 Toy —0.75 F3—0.75 F,
8 T1#+0.6 Tp1+0.6T

—0.5F, -0.25F, 0.5 F;—0.25 F,
9 To+T,+1.8T1g+1.8To~1.5 F; —2.25 F,
10 Ty+0.75 T13+0.75 T14+0.6 Tao

—0.25F, -0.5F,—F;—05F,
11 T+ 1.2T,+1.8 T, —1.5F;-0.75F,
12 T+ 0.75T15+0.75 T13+0.6 Tor

-0.5F, -F,-05F;-0.25F,
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Fig. 2 The effect of Ng on the shape of the resulting quasi ideal importance sampling
marginal p.d.f. of u;

Table2 Comparison of the Estimations of Ps

= CPU
Method N P; X< 10 C.O.V.
©)
M.C.S. 235,679,431 4.24 0.01 1059
Nr=50 1,031,304 4.33 0.01 43
R.Q.I. N =20 Nr=100 | 545,357 4.24 0.01 27
C.E e Nr=500 | 319,825 4.22 0.01 43
Nr=2000 | 331,509 4.22 0.01 99
Note: Au=0.1, [u, Uy =[-6.0~6.0], n=120
Table3 Comparison of the Estimations of P;  with a Repetitive Simulation
5 CPU
Method N P; X 10 C.O.V.
©)
R.Q.I. [ Ng=10 | Ng=20 5x 10° 4.33 0.02 185
C.E No=1 | Ng=200 |5Xx10° 4.24 0.07 185

Note: Au=0.1, [u, Uy] =[-6.0~6.0], n=120





