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A study of structural reliability analysis based on
an important quadrant sampling method

Shoya OKUDA

This study describes an “important quadrants sampling method” for the simulation-based estimation of structural failure
probability. In the first stage, generating real samples iteratively in arbitrary quadrants of the basic variable space and
applying the previously proposed “inter-quadrant relational expression,” the coordinates of the real sample points
generated are transformed to those of pseudo sample points over the all quadrants. Among the all quadrants, several
quadrants whose coordinates of pseudo sample points judged to contribute to the estimation of structural failure
probability, are determined as the “important quadrants. ” In the second stage, the estimation of the failure probability of
structural system based on the directional simulation is executed by using the pseudo samples transformed in the
important quadrants transformed from real samples generated in the arbitrary quadrants. Numerical examples show
that the proposed method gives effectively accurate estimations of structural failure probabilities.

Key Words: Structural failure probability, Simulation based reliability analysis, Directional simulation, Quadrant
sampling
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Table 1 Statistical data

Variable Mean value Standard deviation
X 75.49 75.49 x0.03
X 3,300.00 3,300.0x0.04
X3 _ 84.92 _ 84.92 x0.05
X4 100.00 100.0 x0.05
Xs 288.00 288.0 x0.20
X 1.00 1.0 x0.1
X7 6,061,000.00 6,061,000.0 x0.05
X3 _ 2,564,000.00 2,564,000.0 x0.35
X 1.0 1.0 x0.1
Table 2 Comparison of estimation of P £ Exact: 13f =1.370x10™
Method N L Prx10° | CPU time (sec) N
D.S. - - 1.37 17.41 2,467,121
2 quadrants related to 2 reliability indices'”
0.00526 17.62 2,545,191
B=4471, B,~4317
32 important quadrants i 100 5 0.04780 24.00 3,349,720
300 important quadrants 10 7 1.35 12.00 1,469,123

Reliability indices : 3 ,=4.477, B.,=4.317



