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Non-intrusive stochastic finite element method for slope reliability analysis
based on Latin hypercube sampling
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(1. State Key Laboratory of Water Resources and Hydropower Engineering Science, Wuhan University, Wuhan 430072, China; 2. Key

Laboratory of Rock Mechanics in Hydraulic Structural Engineering of Ministry of Education, Wuhan University, Wuhan 430072, China)
Abstract: A non-intrusive stochastic finite element method based on the Latin hypercube sampling for slope reliability analysis
is proposed. The finite element method for stress analysis of sliding surface is used to calculate the safety factor of slopes. The
safety factor of slopes is explicitly expressed as the input random variables using the Hermite polynomial chaos expansion. The
Latin hypercube sampling points are selected as the collocation points to calculate the coefficients of polynomial chaos
expansion. An example of reliability analysis of natural slope at the left abutment of Jinping | Hydropower Station is presented
to demonstrate the validity and capability of the proposed method. The results indicate the proposed non-intrusive stochastic
finite element method based on the Latin hypercube sampling can effectively evaluate the reliability of high-steep rock slopes,
which decouples the reliability analysis with finite element analysis of slope stability and produces sufficiently accurate
reliability results. The coefficients of polynomial chaos expansion determined by the Latin hypercube sampling are more
effective than those by the frequently-used probabilistic collocation method, since the number of sampling points required by
the former are only approximately equal to that of unknown coefficients. The internal fiction angle of fault f,,.¢ at Jinping left
abutment slope has a significant effect on the slope stability due to its largest sensitivity, followed by the internal fiction angle
of 111, class rock mass, whereas the other variables affect the slope stability slightly. The Sobol’s indices used for representing
the sensitivities of input uncertain parameters can provide a referential basis for working out the reinforcement schemes.
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Fig. 1 Deeply cut VV-shaped valley at dam site of Jinping | Morgenstern-Price
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1
Table 1 Physical and mechanical parameters of rock masses and weak structural planes
AKN-m3) E/GPa v c/kPa o I(=)

1 27 235 0.225 2000 53.47
115 27 10.5 0.25 1500 46.94
11, 27 55 0.275 900 45.57
1V, 27 25 0.3 600 34.99
1V, 27 19 0.3 400 30.96
X 25 1.0 0.2 20 16.7
fa29 25 0.45 0.25 20 16.7
fs 25 0.45 0.35 20 16.7
fg 25 0.45 0.35 20 16.7

2

Table 2 Statistics of shear strength parameters of rock masses and weak structural planes

fa2.9

1] P

(VA

IV,

ci/kPa
0 1(7)
co/kPa
0, 1(<)
c3 kPa
0 1(7)
cs kPa
0, 1(%)
cs kPa
0 1(%)

20
16.7
20
16.7
900
45.57
600
34.99
400
30.96

0.25 5
0.15 2.505
0.3 6
0.2 3.34
0.15 105
0.08 3.648
0.18 108
0.10 35
0.2 80
0.12 3.72
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3
Table 3 Comparison of reliability results from NISFEM and MCS for natural slope under two conditions
He, OF, 5F5 Ke, pi/% 1%
2 PCE+LHS (N=70) 1.088 0.079 0.384 3.309 13.11 0.61
2 PCE+PCM (N=198) 1.088 0.080 0.429 3.359 13.20 1.30
3 PCE+LHS (N=286) 1.088 0.080 0.461 3.540 13.06 0.23
3 PCE+PCM (N=5965) 1.087 0.080 0.470 3.567 13.17 1.07
MCS (N=50 ) 1.088 0.083 — — 13.03 —
2 PCE+LHS (N=70) 0.986 0.069 0.359 3.277 60.50 0.87
2 PCE+PCM (N=198) 0.986 0.070 0.405 3.327 60.64 0.64
(Ry=0.1) 3 PCE+LHS (N=286) 0.985 0.070 0.436 3.492 60.93 0.16
e 3 PCE+PCM (N=5965) 0.985 0.070 0.443 3.515 61.02 0.02
MCS (N=50 ) 0.986 0.072 — — 61.03 —
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N 70 286
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