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Non-probabilistic reliability analysis of slope based on
multilateral convex set model
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(1. School of Civil Engineering and Architecture, Wuhan Institute of Technology, Wuhan 430074, P. R. China; 2. School
of Civil and Hydraulic Engineering, Huazhong University of Science and Technology, Wuhan 430074, P. R. China)

Abstract: Aiming to address the limitation of current non-probabilistic reliability methods for slopes, which can
only construct an uncertain domain with regular boundaries and a large envelope when using the convex set
model to describe parameter uncertainty, this study proposes a novel non-probabilistic reliability analysis
method for slopes based on the multi-convex set model. The approximate performance function of the slope is
formulated by the quadratic response surface method in conjunction with Latin hypercube sampling.
Furthermore, both the traditional interval model and the PCA (principal component analysis)-based interval
model are established. By integrating these two models, a multi-convex set model is constructed. The HL-RF

(Hasofer-Lind and Rackwitz-Fiessler) iterative algorithm is employed to identify the most probable failure point
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of the limit state function, while the simplex optimization algorithm is utilized to locate the extreme point. Based
on the definition of the non-probabilistic reliability index as a distance ratio, the non-probabilistic reliability of
the slope is calculated, and its stability status is assessed accordingly. The feasibility of the proposed method is
validated through case studies. Compared with non-probabilistic reliability methods for slopes based on the
interval and ellipsoid model, the results obtained by the presented method exhibit greater consistency with those
derived from the Monte Carlo method. As the variability and correlation of shear strength parameters increase,

the non-probabilistic reliability index of the slope decreases. When applied to slope stability analysis, the

judgment outcomes align well with those obtained via various reliability approaches.

Keywords: slope; non-probabilistic reliability ; multilateral convex set model; correlation; variability
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Table 1 Sample data of shear strength parameters
for slope 1
BEA S BRI NEEEMA | BA BRI NEEA

s c/kPa /() R ¢/kPa /(%)
1 15. 65 18. 25 16 13.84 21.45

2 14.24 19. 30 17 12.91 19.39

3 15.15 22.12 18 14.42 20. 46

4 16.79 17.40 19 15.79 18.69

5 15.18 17.74 20 17.28 18.67

6 13. 44 21.41 21 17.70 17.77

7 13.71 24.34 22 14.82 19.79

8 14.75 20.21 23 14.52 18.53

9 14.71 20.73 24 16. 23 18.62
10 13.70 19. 24 25 15.74 20. 84
11 15. 24 22.72 26 16. 15 22.26
12 16.90 18.95 27 16. 17 17. 21
13 14.62 21.17 28 12.78 25.60
14 14. 69 18. 56 29 15.81 22.10
15 11.70 23.68 30 14. 86 20. 38
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Fig. 6 Influence of variability of internal friction angle on

non-probabilistic reliability index of the slope
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Table 2 Sample data of the shear strength
parameters of slope 2
FEA R NEHM FEA R MEEM

G5 c/kPa /() G ¢/kPa /(%)
1 5.87 20. 98 16 6.70 23.71

2 4.98 22.52 17 6.08 22.13

3 6. 36 22.21 18 5.61 18. 40

4 5.93 24.16 19 5.11 20.17

5 6.42 20.42 20 6.09 19. 80

6 6.16 22.24 21 6.49 24.62

7 6.30 21.05 22 5.82 20.63

8 5.11 20. 53 23 5.68 23.41

9 5.39 21.01 24 5.81 19. 90
10 5.73 16. 56 25 5.34 20.92
11 6.07 18.70 26 5.70 20. 37
12 6.68 19. 56 27 5.89 17.13
13 5.83 21.43 28 6.03 19. 26
14 6.76 25.00 29 5.96 22.05
15 6.29 20.90 30 6.37 21.54

F3 B EHEER
Table 3 Reliability index of slope
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