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Efficient analysis of slope reliability with multiple failure modes using sample
weighting method in generalized subset simulation
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Abstract: Tt is not uncommon that a slope involves multiple possible failure modes. Monte Carlo simulation
provides a way to estimate the failure probabilities of these multiple modes. However, it incurs frequent criticisms
because of its low efficiency at small failure probability levels. To address this problem, a sample weighting
method combined with the generalized Subset Simulation(GSS) is proposed in this paper to estimate efficiently
the reliabilities of geotechnical structure system and the multiple failure modes involved in this system. The
equations for calculating the failure probability at various failure threshold values of each mode are derived. The
probabilistic fault tree model is employed to establish the limit state function of sophisticated system response.

This limit state function of system is then incorporated into the driving variable of GSS to divide the whole
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random sample space into several mutually independent and collectively exhaustive sub-spaces. In the
implementation of GSS, the probability weighting coefficients of different sub spaces are determined adaptively.
With the probability weighting coefficients, the weighting coefficients of samples in each sub space are estimated
properly, which can be further used to compute the failure probability of each failure mode in the system with
different failure threshold values. A rock wedge slope is employed to demonstrate the performance of the proposed
method. It was found that the proposed method improved significantly the computational efficiency in estimating
the reliabilities of the multiple failure modes in the geotechnical structure system. The proposed method not only
estimate the reliabilities of multiple failure modes through a single simulation and avoid the repeated simulation
for different failure modes, but also enhance the efficiency of computing the failure probability of failure modes at
low failure probability level. Moreover, it provides the failure probability values corresponding to various failure
threshold values for all the modes concerned.

Key words: slope engineering; multiple failure modes; failure threshold value; system reliability; generalized

subset simulation; sample weighting
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Fig.5 Probabilistic fault tree model of the considered rock slope
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Table 2 Performance functions of failure modes of rock slope
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Table 3 Summary of the GSS procedure for the rock slope example

pze IR RASTTERER i AN R @E‘jﬂ&? 5 kIR TR A
0 - - - 383 7.66x10 " -
1 117 500 0.234 375 1.75x10 ! -
2 125 383 0.250 423 4.95%x1072 };((?2); 23: 11(()) 722
3 77 375 0.154 410 7.39x10 3 P(E)=1.6x10 "
4 90 423 0.180 406 1.32x10°° -
5 94 410 0.188 405 2.47x10 * -
6 95 406 0.190 450 5.21x10°° -
7 50 405 0.100 450 5.21x10°° P(Es) = 626310 °
8 50 450 0.100 450 521x1077 -
9 50 450 0.100 450 521x10°® -
10 50 450 0.100 450 5.21x10~° -
11 50 450 0.100 500 521x10 " -
12 - 450 - - - P(E5)=1.42x10""°
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Table 4 Comparison of results obtained from this paper with those reported
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Table 5 Comparison of reliability results for the congress cut slope using GSS and SS

T 30 KB

i FAME COV/I% TAREAN, N, ucov
SS GSS SS GSS SS GSS SS GSS
X THHED, E 1.18x10 > 1.18x10 7> 0.248 0.226 950 1217 7.64 7.87
T 1B, E 6.80x10 2 6.90x10 2 0.165 0.156 950 879 5.10 4.63
YT 2 WE, Es 4.61x10 " 2.55%x10 "¢ 1.765 1.417 5000 5262 124.81 102.85
TR, Es 5.57x10 ¢ 5.59x10°¢ 0.782 1.487 3200 3177 4421 83.83
B RSG, E, 8.60x10 * 8.70x10 2 0.158 0.138 950 816 4.88 3.93
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Fig.6 Cumulative distribution function of response values of multiple modes of the rock slope
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