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Artificial neural network simulation on prediction of
clay slope stability based on fuzzy controller

CHEN Le-qiu', PENG Zhen-bin', CHEN Wei**, PENG Wen-xiang', WU Qi-hong'

(1. School of Geoscience and Environmental Engineering, Central South University, Changsha 410083, China;
2. School of Civil Engineering and Transportation, South China University of Technology, Guangzhou 510641, China;
3. Guangzhou Institute of Building Science Co., Ltd, Guangzhou 510440, China)

Abstract Based on optimal consideration, the problem of abstracting rule of a fuzzy control system by introducing
neural network was solved. A reliable learning procedure for the neural network based on BP algorithm was suggested
and the relationship among the number of fuzzy sets and the complexity and accuracy of fuzzy controller was
investigated. Furthermore, in order to obtain safety characteristics of slope with complicated working behaviours, the
prediction of the slope stability was presented on the foregoing artificial neural network under fuzzy controller, and many
samples were collected to carry on the network training. The results show that the prediction models are accurate and
easy to operate. The safety factor is affected largely by the parameters of the slope stability such as the slope gradient,
rubbing angle inside and coagulate force. Theoretical model can be used to study the uncertainty and nonlinearity in
engineering. With the help of fuzzy controlling system which is applicable for model’s adjustment, it is of convenience to
simulate the working behavior of diverse cases accurately.
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Fig.2 Training samples on upstream slope stability under water-level descent
/ / / k/ v/
m  (kN'm?) (kNm>) kPa ) (kN'm?) ) A (emss™) (md ™)
150 21.2 22.44 0 35.00 20.09 0.25 2375  0.084 0.0l 68 0912 0
150 21.2 22.44 0 35.00 20.09 0.25 2375 0200 0.0l 6.8 0.798
150 21.2 22.44 0 35.00 20.09 0.25 2375  0.137  0.10 6.8 1.235 1
150 21.2 22.44 0 35.00 20.09 0.25 2375 0200 0.10 6.8 1.189 1
78 223 23.00 0 40.00 21.27 0.22 26.50  0.060  0.01 1.0 1.465 1
46 18.6 19.80 0 32.00 21.00 0.25 26.50 0.060 0 3.0 1.011 1
46 18.6 19.80 0 32.00 21.00 0.25 21.80 0.060 0 3.0 1.028 1
39 18.8 20.19 9.80  21.00 16.17 0.25 1929 0.047 0 0.3 0.981 0
73 21.2 22.44 0 35.00 20.09 0.25 18.43  0.141 0 29 1.125 1
38 17.2 18.13 10.00  24.25 16.17 0.40 17.07  0.002 0 1.0 1.122 1
54 19.0 20.90 11.90  20.40 15.09 0.75 21.04  0.020 0 0.7 1.08 1
53 18.0 19.60 5.00 26.50 16.17 0.40 1552 0.007 0 2.7 0.841 0
53 18.0 19.60 5.00  22.00 16.17 0.40 15.52 0.007 0 27 0.754 0
51 17.4 17.35 20.00  24.00 14.70 0.40 1843  0.104 0 3.1 0.961 0
51 17.8 17.88 21.20 1392 14.70 0.40 18.43  0.104 0 3.1 1.056 1
40 18.8 18.86 8.00  26.00 14.50 0.40 21.80  0.007 0 0.5 0909 0
40 18.8 18.86 8.00  26.00 14.50 0.40 21.80  0.007 0 0.6 0934 0
40 18.0 18.00 21.00 21.33 13.52 0.40 21.80  0.007 0 02 0938 0
9 17.6 19.60 10.00  16.00 16.70 0.40 21.80  0.002 0 12.0 1.346 1
9 17.6 19.60 10.00 8.00 16.70 0.40 21.80 0.002 0 12.0 1.049 1
@) 15 17.4 18.42 1495  21.20 16.17 0.40 45.00 0.104 0 21.0 1.051 0
( ) ( @



1386 ( ) 40
BP
1972—11—19
3 BP (0+241
) 1972—11—24 (0+83
4% ) 1972—11—-27 1
148 m
115 m 2 1 25~
40 m 0+156
4
(0+241)
5
88.35m
69.07 m
1
1958 1.777 4
1960 1 o 0.981
50 m
97 m 400 m 3~8 m
3
Table 3 Model investigation results
/m u k/(cm's™h) v/(m-d ™)
150 0.084 0.01 6.8 0.912 0
150 0.200 0.01 6.8 0.798 0
150 0.137 0.10 6.8 1.241 1
150 0.200 0.10 6.8 1.189 1
78 0.060 0.01 1.0 1.441 1
9 0.002 0 12.0 1.346 1
9 0.002 0 12.0 1.049 1
@) 15 0.104 0 21.0 1.051 0
@ 2
4
Fig.4 Mechanical parameters of stuffing material
/ / / / / / / k/ v/
m &kN'm?)  (kN'm>) kPa ) (kN'm ) ) H“ (ems ™ (md™")
50 18.82 19.39 25 14.6 15.29 0.4 20.32 0.07 0.658><10* 1.95
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