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Improved Line Sampling Method for Structural Reliability with
High Dimensionality and Small Failure Probability
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Abstract: For reliability analysis of implicit limit state function, an improved line sampling method is presented
on the basis of sample simulation in the failure region. In the presented method, Markov chain is employed to
simulate the samples located at the failure region, and the important direction of line sampling is obtained from
these simulated samples. On the other hand, the simulated samples can be used as the samples for line sam-
pling to evaluate the failure probability of implicit limit state function. Since the important direction is searched
accurately and robustly by simulated samples in the failure region, the efficiency of line sampling is improved
obviously. Farther, the computation cost of line sampling is reduced also, because the simulated samples can
be used for line sampling. A few examples demonstrate the rationality and efficiency of the improved line sam-
pling method.
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Fig. 1 Improved line sample method
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Table 1 Comparison of reliability analysis results of examples 1 and 2
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Table 2 Distribution parameters of the basic random

Three-span beam

variables of three-span beam
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Table 3 Distribution parameters of the basic random variables of turbine disc

r ' ¥ E BRERE G} ¥ E BRERE G} ¥ E  ERREH

Aer/2 0.002 269 26 0.02 oms /MPa 763. 864 0.02 ef 0.016 9 0.08
Aez/2 0.002 113 76 0.02 oms / MPa 994. 381 0.02 b —0.096 0.02

Aes/2 0.001 165 70 0.02 Eml 0. 002 269 26 0.02 ¢ —0. 41 0.02
Aes/2 0.001 010 19 0.02 Em2 0.002 113 76 0.02 N, 1244 0.02

Aes/2 4.030X107° 0.02 €m3 0.003 372 82 0.02 N: 976 0.02
om1/MPa 536.8 0.02 Emd 0.003 217 32 0.02 N3 148 0.02
om2/MPa 501. 67 0.02 Ems 0. 004 187 21 0.02 Ny 35 808 0.02
oms/MPa 798. 994 0.02 of/MPa 2029 0.08 Ns 29 976 0.02
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Table 4 Comparison of reliability analysis results of examples 3 and 4
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