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Locating critical sliding surface of slopes by estimation of
distribution algorithm

LYU Qiuling, WU Jianping, WANG Donglin
(School of Civil Engineering, Anhui Jianzhu University, Hefei, Anhui 230601, China)

Abstract: Most of the optimization algorithms to solve the slope critical sliding surface have the disadvantages of
complex structure, difficult to determine the parameter value, and poor optimization effect. This study introduced
the estimation of the distribution algorithm based on the Gaussian distribution model, and combined with the
sliding surface calculation and analysis model using the simplified Bishop method, to establish a new critical
sliding surface search method with simple biological collaboration and competition ideas; secondly, a local search
method for the 3-degrees of freedom was designed to compensate for the poor local search performance of the
estimation of distribution algorithm. The standard and improvement methods were applied to the three calculation
examples of increasing slope section complexity, respectively. The orthogonal experimental results from the
standard method were validated by range analysis and multivariate analysis of variance, and the comparative

analysis of the calculation of the standard algorithm and the improved algorithm was conducted. The results show
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that the standard estimation of distribution algorithm can be used to calculate the critical sliding surface of slopes.

When the calculated case is simple, the control factors have limited influence on the calculated results; when it is

complex, the population size has a significant influence. Compared to the standard algorithm, the improvement

algorithm has better calculation and faster speed, and can effectively reduce the impact of the population size on

the calculation. The preliminary verification shows that the model is more robust and has a broad application

prospect. This study provides a new insight to explore the application of the distribution estimation algorithm in

the slope critical sliding surface.

Keywords: slope; critical sliding surface; simplified Bishop method; estimation of distribution algorithm;

local search; orthogonal experimental
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Table 1 Orthogonal experimental results

FEHIA T URFH

Rz

n m/n a B XV R X 1 < X (7
1 60 12 0.6 0.1 0.9853 1.3957 1.7556
2 60 173 0.7 0.2 0.9853 1.3955 1.756 6
3 60 1/4 0.8 0.3 0.9855 1.3955 1.7572
4 60 1/5 0.9 0.4 0.9853 1.396 0 1.758 9
5 120 12 0.7 0.3 0.985 4 1.3959 1.7572
6 120 1/3 0.6 0.4 0.985 5 1.3956 1.756 6
7 120 1/4 0.9 0.1 0.9853 1.3955 1.755 6
8 120 1/5 0.8 0.2 0.9855 1.3957 1.756 4
9 240 12 0.8 0.4 0.9853 1.3956 1.756 8
10 240 173 0.9 0.3 0.985 4 1.3957 1.756 1
11 240 1/4 0.6 0.2 0.9853 1.3957 1.7559
12 240 1/5 0.7 0.1 0.9853 1.3955 1.7558
13 480 12 0.9 0.2 0.9853 1.3953 1.756 1
14 480 173 0.8 0.1 0.9853 1.3954 1.7551
15 480 1/4 0.7 0.4 0.9853 1.3956 1.7559
16 480 1/5 0.6 0.3 0.9853 1.3955 1.756 2

*x2 FSHEOIERBESIT

Table 2 Critical slip surfaces for each calculated case

=XV e F X/m XJ/m Y/m

maxF 0.9855 -0.0004 213144 28.1192
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% minF 13953 -0.0027 21.0373  17.6557
it

¥ifE 1.395 6 -0.0360 21.0407 177180

PREZE 1.769 0e-04 0.0223 0.048 8 0.145 5

maxFy 1.758 9 23057 207401 12.1274

= minF 1.755 1 -1.9480 202731  11.8052
LAY —

¥ifE 1.756 4 -2.1082 204182  11.8472

FrifE2E 0.000 8 0.2813 02425 03714
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Fig. 5 Mean values of each level for each factor
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Table 3 Results of multivariate analysis of variance
X0 ¥ KI5 dfr ¥J5 F p BEVEHY

AR 3.50x10°* 3 1.17x10°® 1.400 0 0.394 4 1
H9 A 5.00x10” 3 1.70x10™° 0.200 0 0.890 4 4
A — = HF 1.50x10°® 3 5.00x10” 0.600 0 0.657 5 3
A5 SR 2.00x10°* 3 6.70x10” 0.800 0 0.570 6 2

5k 2%E 2.50x10°° 3 8.30x107
FRHERLAE 1.37x107 3 4.56x10°° 0.6952 0.6138 1
R el 3.69x10° 3 1.23x10°* 0.1873 0.898 8 3
Hpl— 2 HF 1.69x10° 3 5.60x107 0.0857 0.963 2 4
A5 SR 8.19x10° 3 2.73%10°° 0.4159 0.7550 2

B 2% 1.97x107 3 6.56x10°°
FRHERLA 1.06x10°° 3 3.53x10°° 8.5723 0.0379 1
KT L 1.33x10° 3 4.42x107 1.0729 0.477 6 3
= 23 HF 7.20x107 3 2.40x107 0.583 0 0.665 7 4
AT 5.14x10°° 3 1.71x10°° 4.1580 0.136 1 2

B2z 1.24x10° 3 4.12x107
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Table 4 Statistical values of the critical slip surface

T n X/m X,/m Y/m Fy
9 26141 20.169 8 12.0375 17599
RIS 18 —25413 206574 12.461 4 1.759 7
ok 36 —2.1338 20.614 9 12.001 3 1.756 6
72 21624 204505 11.863 8 1.7557
9  -21982 204066 11.805 4 1.754 7
S A 18 -22432 203683 11.8322 1.754 8
itk 36 —2.1381 205106 11.799 7 17550
72 22642 202896 11.804 1 1.754 6
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Fig. 7 Comparison of iterative curves
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