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Knowledge-based clustered partitioning method
for reliability analysis of slope stability
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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 Education Ministry, Wuhan University, Wuhan 430072, China)

Abstract: A new global optimization reliability method, knowledge-based clustered partitioning (KCP) method, is proposed. The
proposed method includes five steps, namely, partitioning, random sampling, calculation of the polar radius, backtracking, and
calculations of reliability index and design points. A flowchart for the proposed method is presented. Moreover, a C-language based
computer program is developed to carry out the reliability computations. Two examples of reliability analysis for rock slope stability
with plane failure are presented to demonstrate the validity and capability of the proposed method. The results indicate that the
proposed method can obtain the reliability index and the design points simultaneously. Furthermore, the global optimization solutions
can be obtained. The proposed method can ensure sufficient accuracy for reliability computations; and its efficiency is significantly
higher than the traditional Monte Carlo simulations, which can be considered as a potential method for reliability analysis of slope
stability, especially for slope stability involving implicit and nonlinear performance function. The proposed KCP method with
equal-step-length can search the angles systematically, which results in the accurate design points. It is recommended that angle
below ten degree should be adopted to ensure sufficient accuracy and reduce the computational effort as low as possible.

Key words: slope; reliability; knowledge-based clustered partitioning (KCP) method; design point; equal-step-length
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u, = Lsin@,

u, =Lcos6,, (n=2) }

(2

u, = Lsin@, sin6,
u, = Lsin6, cos b, (3
u, =Lcos6,, (n=3)

u, = Lsin@, sin6,

u, = Lsin6, cos b,

. 4
uy = Lcos, sinb,
u, =Lcos6,cosf,, (n=4)
u, = Lsin@, sin6,sin0,
u, = Lsin6, sinb, cos b,
u, = Lsin@, cos 6, sin 0, (5

u, = Lsin6, cos6, cos b,

us =LcosB,, (n=Y5)
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uy = Lsin6, cos b, sin b,
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Fig.1 Flowchart of reliability analysis using the KCP method with equal-step-length
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Fig.2 Illustration of knowledge-based clustered partitioning and sampling involving eight random variables
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Table 1 Statistical parameters of random variables
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Table 2 Comparison of reliability results among different reliability methods
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FORM 0.859 0.277 189.38 39.026 39°43 58°36' 1.654 0.84
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Bl 4 kX VI-VIF T R AR5
Fig.4 Natural slope on VI-VI section at the dam site
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Table 3 Statistical parameters of basic random variables
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Table 4 Reliability results of the considered slope under three different working conditions
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Fig.5 Effect of step-length on reliability index
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