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A comparative study of ANN-based and ANFIS-based approaches
for inverse design of circular failure slopes

ZHANG Zhi-jun"’, XIONG Zheng-wei , DING De-xin’, BI Zhong-wei

(1.School of Resources and Safety Engineering, Central South University, Changsha 410083, China;
2. School of Architecture Resources & Environment Engineering, Nanhua University, Hengyang 421001, China)

Abstract: The inverse design method for circular failure slope is a new kind of design approach for designing the slope angle of the
circular failure slope based on its geotechnical parameters and height and the prescribed factor of safety. The key procedure for
establishing the method is to integrate a large number of cases of stable circular failure slopes and to establish the mapping from {, c,
&, H, F} to {p,} . This paper accumulated quite a few cases of circular failure slopes. ANN and ANFIS were used to integrate these
cases and ANN-based and ANFIS-based approaches were established, respectively, for the inverse design of circular failure slope.
Furthermore, the two approaches were used to design the slope angles of several cases and a comparison was conducted on the
inverse design results. The research results have shown that ANFIS is more adequate to establish the ANFIS-based approach for the
inverse design of circular failure slope.
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Table 1 Cases of circular failure slopes
; HATEE W1 P EERE S I e Y b
i y /KN - m o/ kPa 6 /0O H/'m REREF o /)~ UBRERS
1 25.00 120.00 45.00 120.0 1.300 53.00 Rt
2 18.84 14.36 25.00 30.5 1.875 20.00 FaE
3 18.84 57.46 20.00 30.5 2.045 20.00 Fase
4 28.44 39.42 35.00 100.0 1.780 35.00 Fase
5 28.44 39.23 38.00 100.0 1.990 35.00 Rt
6 27.30 31.50 29.70 135.0 1.245 41.00 Fase
7 27.30 16.80 28.00 90.5 1.252 50.00 Fase
8 27.30 26.00 31.00 92.0 1.246 50.00 Fase
9 27.30 10.00 39.00 511.0 1.434 41.00 Fase
10 27.30 10.00 39.00 470.0 1.418 40.00 Fase
11 25.00 46.00 35.00 443.0 1.280 47.00 FaE
12 25.00 46.00 35.00 435.0 1.370 44.00 FaE
13 25.00 46.00 35.00 432.0 1.230 46.00 FaE
14 26.00 150.00 45.00 200.0 1.200 30.00 Fase
15 22.40 10.00 35.00 10.0 2.000 30.00 Fase
16 21.40 10.00 30.34 20.0 1.700 30.00 Fase
17 12.00 0.00 30.00 4.0 1.460 45.00 FaE
18 12.00 0.00 30.00 4.0 1.440 45.00 Fase
19 25.00 46.00 35.00 284.0 1.340 50.00 Fase
20 25.00 48.00 40.00 330.0 1.490 49.00 FaE
21 25.00 55.00 36.00 299.0 1.520 4550 FaE
22 25.00 46.00 36.00 299.0 1.550 4450 FaE
23 27.30 10.00 39.00 480.0 1.450 40.00 FaE
24 25.00 46.00 35.00 393.0 1.310 46.00 T
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Fig. 1 The architecture of ANN for inverse design of
circular failure slopes
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Fig. 2 Error variation during training of the network
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Fig.3 The architecture of ANFIS for inverse design of
circular failure slopes
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Fig. 4 Error variation during training of the ANFIS
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Table 2 The parameters and state in use of three cases of
circular failure slopes

W W

g HATE gy PSR ks
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Y JKNem® /kPa /©) /m F /) .

22 25.00 46.00 36.00 299.0 1.550 4450 A
23 27.30 10.00 39.00 480.0 1.450 4000 i
24 25.00 46.00 35.00 393.0 1310 46.00 faE

B BiR 3 G5Bl 35K 2 Btk AT b AL At
B, %SRBSR A B BRI y e 6. Ho
F o3l AN N ZRLF ) ANN BEEUAT ANFIS 524,
AR IRY PR A B O S T 45 R e R VAR BB
THERIITR 3.

%3 ANN &R ANFIS Fik i R vt 450

Table 3 Comparison between inversion results by

ANFIS and ANN
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/) /% /) /%

22 44.5 45.4639 2.17 44.7404 0.54
23 40 40.4985 1.25 40.2485 0.62
24 46 473724 2.98 46.1597 0.35
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