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Structural Reliability Analysis Based on an Efficient Simulation Method

Shoya OKUDA

This paper describes an estimation method of the structural failure probability based on an efficient Monte Carlo simulation,
with which variance reduction methods of a directional importance sampling and a partition of the region are combined to
improve the simulation efficiency. The structural failure probability is formulated by using a radial variable and a directional
variable. Samples of the radial variable are generated from a truncated chi-square p.d.f. defined outside the f-sphere region. And
instead of constructing a directional importance sampling p.d.f. beforehand, directional variable samples are determined from
those generated by an importance sampling p.d.f. centered at the design points on the limit state surfaces in the rectangular
coordinates and the probability volume contained in a hyperconical domain subtended by an infinitesimal increment at the
respective determined directional variable is evaluated numerically and adopted it equivalently as a directional importance
sampling probability density of the sampled direction. Numerical examples show that the proposed method gives accurate

estimations of structural failure probabilities efficiently.

Key words: Monte Carlo simulation, Structural failure probability, Directional Importance Sampling,
Partition of the region method, variance reduction method
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Table 2-1 Limit state function

Mode No. Limit state function
X1
1 Xjx| X3 = L= X6 —(X7 +X8)X9
1.7X4X5
Table 2-2  Statistical data
Variable Mean value Standard deviation
X1 75.49 75.49 x0.03
X 3,300.0 3,300.0 x0.04
X3 84.92 84.92 x0.05
X4 100.0 100.0 x0.05
Xs 288.0 288.0 x0.20
X6 1.0 1.0 x0.1
X7 6,061,000.0 6,061,000.0 x0.05
Xg 2,564,000.0 | 2,564,000.0 x0.35
Xo 1.0 1.0 x0.1

Table 1-1  Limit state functions

Mode No. Limit state function
1 M+ My+Ms+M,—5 F,
2 My 2Ms+M,—5 F,
3 M+ 2MA- M+ Ms—5 Fi—5 F,

Table 2-3 Estlmatlon results  (Exact: Py =1.348x 107 )

Table 1-2 Statistical data

Method Prx107 | N CPU time [sec]
D.S. 1.360 246,712 71.14
M.LS. 1.343 2,447,514 68.29

SLSR. = 1364 20,547,729 206.1

Proposed | 1.367 655,404 11.89

Variable Mean value Standard deviation
M, M,, ..., Ms 134.9 6.745

F 50.0 15.0

F, 40.0 12.0

Table 1-3  Estimated results (Exact: P, =1.89x10™%)

. CPU time
Method N Py %10
[sec]
D.S. 722,845 |« 1.860 3.85
M.LS. 2,368,034 = 1.868 13.29
S.L.S.R. 3,452,340 . 1.866 28.14
Proposed 167,743 1.890 2.49
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Table 2-4 Coordinates of design points
and respective reliability indices

Variable Design point No.1 Design point No.2
X -0.765 0.218
X2 -0.865 0.0677
X3 -1.171 -0.159
X4 -0.013 -0.100
Xs -0.317 -4.480
X6 -3.034 0.1165
X7 0.554 0.109
Xg 1.820 0.057
X9 1.7417 0.117
L 4.322 4.494
£ 23 IRT LIS, WIEBEREROHEERRITIT
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Table 3-1 Limit state functions

Table 3-3 Estimation results (Exact: ﬁf =5.08x107 )

Method ; éf x107 N CPU time [sec]
D.S. 5.11 2,448,691 17.43
M.LS. 5.07 2,760,412 16.10
S.L.SR. 5.09 28,206,985 295.7

Proposed | 498 | 837,000 | 15.9

N;\?je Limit state function
1 0.70717, + 0.7071T5 — 2.2F,
2 Te+0.7071Tg— 1.2F, —F,
3 T5+0.70717T5 + 0.7071Ty — 2.2F,
Ty +0.7071Ty— 1.2F;
4 Ts+ 17— 1.2F,
5 T5+0.7071Ts + T — 1.2F, - F,
6 0.7071T5 + 0.7071 Ty — 1.2F;
7 T, +0.7071Ts - 3.4F, - F,
8
Table 3-2  Statistical data
Variable Mean value Standard deviation
T, T, 90.0 13.5
Ts 9.0 1.35
Ty, Ts 48.0 7.20
Ty, T; 21.0 3.15
T 15.0 2.25
Ty, Ty 30.0 4.50
F 11.0 3.30
F, 3.6 0.72
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