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Reliability analysis of jointed rock slopes using updated probability distributions
of structural plane parameters
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Abstract: Due to the complexity and obvious random distribution features of joints and fractures in the rock slope, accurately
simulating the random fracture network is crucial for slope stability evaluation. However, the current methods cannot effectively
make full use of the measured data of structural outcrops. This paper adopts a Bayesian updating approach to optimize the probability
distributions of geometric and shear strength parameters of structural planes and correct the random fracture network of rock mass by
using field measured data. The field measured data of structural planes are characterized as sample distributions. Based on these, a
non-intrusive stochastic finite element method is employed to conduct reliability analysis of jointed rock slopes considering the
uncertainties of geometric parameters (e.g., dip and trace length) and shear strength parameters (e.g., friction angle and cohesion) of
structural planes at the same time. Finally, a simplified slope model selected from the left bank of Xiaowan hydropower station is
adopted to validate the effectiveness of the proposed method. The results indicate that the probability distributions of structural plane
parameters inferred from the Bayesian updating approach agree well with the corresponding analytical solutions. The Bayesian
updating approach can effectively reduce the estimation of uncertainties and optimize the probability distributions of the structural
plane parameters by incorporating the field measured data. Furthermore, more realistic fracture network models and reliability
analysis results of the slope can be obtained. When the posterior information of structural plane parameters is used to generate a
fracture network model and conduct slope reliability analysis, the estimated posterior probability of slope failure will be greatly
smaller than the prior probability of slope failure.
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corresponding contours of total displacement
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Table 5 Variance analysis results
FE emfhiHE PR STkl F1ii P18

D, —0.85 5.83 10.94 90.81 <0.000 1
T\ —0.29 0.68 1.28 10.66 0.008 5
D, -1.99 31.64 59.38 492,74  <0.000 1
T, —-0.05 0.02 0.04 0.34 0.5709
c 0.23 0.44 0.82 6.81 0.026 1
] 0.90 6.43 12.06 100.07  <0.000 1
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Table 6 Combinations of sample points and the
corresponding factors of safety

— HSTARUEIEAFEA SUH FS
D, T D, c ?
CCD1 -1 -1 -1 -1 -1 391
CCD2 0 0 0 —-o 0 2.14
CCD3 -1 1 -1 1 -1 4.40
CCD4 1 1 -1 -1 1 2.57
CCDS5 1 -1 -1 -1 -1 2.80
CCD6 -1 1 1 -1 1 2.13
CCD7 -1 -1 -1 1 1 522
CCD8 1 -1 1 1 -1 1.68
CCD9 1 1 1 -1 -1 1.44
CCD10 -1 -1 -1 1 -1 427
CCD11 0 0 o 0 0 4.92
CCD12 0 o 0 0 0 2.44
CCD13 -1 -1 1 -1 -1 1.38
CCD14 -1 -1 -1 -1 1 5.18
CCD15 0 0 0 0 0 2.57
CCD16 1 1 -1 -1 -1 1.95
CCD17 0 0 0 0 0 2.57
CCD18 0 0 0 0 0 2.57
CCD19 0 0 0 0 o 4.10
CCD20 0 0 0 0 0 2.57
CCD21 0 0 0 0 0 2.57
CCD22 1 1 1 -1 1 2.18
CCD23 0 -o 0 0 0 2.58
CCD24 0 0 0 0 0 2.57
CCD25 -1 -1 1 1 1 2.39
CCD26 - 0 0 0 0 2.64
CCD27 -1 1 -1 1 1 5.21
CCD28 1 -1 -1 -1 1 3.98
CCD29 1 -1 1 1 1 2.45
CCD30 0 0 0 0 0 2.57
CCD31 -1 1 1 1 -1 1.60
CCD32 1 -1 1 -1 1 2.17
CCD33 0 0 o 0 0 1.94
CCD34 1 1 -1 1 1 3.07
CCD35 -1 1 1 1 1 2.39
CCD36 -1 -1 1 1 -1 1.62
CCD37 0 0 0 0 0 2.57
CCD38 1 -1 1 -1 -1 1.42
CCD39 -1 1 -1 -1 1 5.11
CCDA40 1 1 -1 1 -1 2.23
CCD41 1 -1 -1 1 -1 3.09
CCD42 1 1 1 1 -1 1.70
CCD43 0 0 0 o 0 2.83
CCD44 1 -1 -1 1 1 4.12
CCD45 0 0 0 0 2.57
CCD46 0 0 0 - 1.40
CCD47 1 1 1 1 1 245
CCD48 -1 -1 1 -1 1 2.12
CCD49 0 0 0 0 0 2.57
CCDS50 -1 1 -1 -1 -1 4.14
CCDS51 o 0 0 0 0 2.00
CCD52 -1 1 1 -1 -1 1.38
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Fig.10 Comparison of the factors of safety calculated
using Phase2 software and response surface function
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Table 7 Variance analysis results
FH#E Wiy P DUk EL Fi PH

D, —0.02 0.01 0.55 3.65 0.090 0
T, —0.06 0.10 5.66 37.67 <0.000 1
D, 0.03 0.03 1.41 9.42 0.0100
T, —0.08 0.18 10.06 66.98 <0.000 1
c 0.10 0.30 16.56 110.31 <0.000 1
] 0.17 0.97 54.36 362.05 <0.000 1
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Fig.11 Comparison of the factors of safety calculated using
Phase2 software and response surface function
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Table 8 Comparison of prior and posterior coefficients of
variation of random parameters
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