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Abstract

Based on FLAC numerical simulation experiment and in-situ deformation monitoring, simulation
experiment scheme was designed according to uniform test. The artificial neural network algo-
rithm was used for rock slope displacement back analysis, and four important mechanical para-
meters of the rock slope were obtained. Further, by analyzing the mechanic parameters inversion,
the slope rock mass stability could be better predicted. The obtained mechanical parameters by
back analysis were more accurate and consistent with the calculated results of FLAC because the
effects of time and various excavations were taken into account. The mechanical parameters in-
version of slope rock mass by artificial neural network has important reference value for slope
support and parameter selection, and also has an important effect on engineering economy.
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Table 1. Standard value of slope rock mass property index
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AT % (kN/m?) Hi%E 71(MPa) MBS () PLRIsREE(MPa) AR f; (MPa) A v
= 24.5~26.5 >1.80 >44 >0.75 >4500 <0.20
LR 23.0~25.0 1.00~1.80 41~44 0.50~0.75 2500~4500 0.10~0.25
[ e 24.0~25.0 0.50~1.00 36~41 0.25~0.50 1500~3000 0.20~0.30

L7 e e 23.5~25.0 0.25~0.50 30~36 0.15~0.25 1000~2000 0.25~0.33
WECE 23.5~24.5 <0.25 <30 <0.15 <1000 >0.33

e AT LA RSN TR R 2

4.2.2. M5

R4 FiRsRIe i B e, RONASCE AR I m E aass s ek, Wil y BN, 5
MritH PR B p = 24.8 kKN/m®, ACr, FEH RS RGRECRE R ) ¢ RPN EERE A o) RN FEE 2 H (5 k45
& E AARALL wiiszm, DOANRIZR I 08 26 ANKTF, NKTFECN 26, WR#% 2.

DOI: 10.12677/hjce.2019.84099 856 T ARTHE


https://doi.org/10.12677/hjce.2019.84099

FIWRAE 4%

Table 2. Arrangement of experiment factor

< 2. LIKFR

SN
7K Xi X5 X3 X4
K1 ¢ (MPa) WA o () TIGAEE f; (GPa) MEL VN E
1 0.50 36.8 2.46 0.296
2 0.52 37.8 1.86 0.288
3 0.54 38.8 2.88 0.280
4 0.56 39.8 2.28 0.272
5 0.58 40.8 1.68 0.264
6 0.60 36.4 2.70 0.256
7 0.62 37.4 2.10 0.248
8 0.64 38.4 1.50 0.240
9 0.66 39.4 2.52 0.232
10 0.68 40.4 1.92 0.224
11 0.70 36.0 2.94 0.216
12 0.72 37.0 2.34 0.208
13 0.74 38.0 1.74 0.200
14 0.76 39.0 2.76 0.300
15 0.78 40.0 2.16 0.292
16 0.80 41.0 1.56 0.284
17 0.82 36.6 2.58 0.276
18 0.84 37.6 1.98 0.268
19 0.86 38.6 3.00 0.260
20 0.88 39.6 2.40 0.252
21 0.90 40.6 1.80 0.244
22 0.92 36.2 2.82 0.236
23 0.94 37.2 2.22 0.228
24 0.96 38.2 1.62 0.220
25 0.98 39.2 2.64 0.212
26 1.00 40.2 2.04 0.204
TS BRI WA AE TR BRI P S5 RStk B e A, I I AT B B R ILIME SRS HEAT HE 4y
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Table 3. Uniform design table U (26")
% 3. HERItR UL (26")

1 2 3 4 5 6 7 8 9 10 11
1 1 4 5 7 10 13 16 17 19 20 25
2 2 8 10 14 20 26 5 7 11 13 23
3 3 12 15 21 3 12 21 24 3 6 21
4 4 16 20 1 13 25 10 14 22 26 19
5 5 20 25 8 23 11 26 4 14 19 17
6 6 24 3 15 6 24 15 21 6 12 15
7 7 1 8 22 16 10 4 11 25 5 13
8 8 5 13 2 26 23 20 1 17 25 11
9 9 9 18 9 9 9 9 18 9 18 9
10 10 13 23 16 19 22 25 8 1 11 7
11 11 17 1 23 2 8 14 25 20 4 5
12 12 21 6 3 12 21 3 15 12 24 3
13 13 25 11 10 22 7 19 5 4 17 1
14 14 2 16 17 5 20 8 22 23 10 26
15 15 6 21 24 15 6 24 12 15 3 24
16 16 10 26 4 25 19 13 2 7 23 22
17 17 14 4 11 8 5 2 19 26 16 20
18 18 18 9 18 18 18 18 9 18 9 18
19 19 22 14 25 1 4 7 26 10 2 16
20 20 26 19 5 11 17 23 16 2 22 14
21 21 3 24 12 21 3 12 6 21 15 12
22 22 7 2 19 4 16 1 23 13 8 10
23 23 11 7 26 14 2 17 13 5 1 8
24 24 15 12 6 24 15 6 3 24 21 6
25 25 19 17 13 7 1 22 20 16 14 4
26 26 23 22 20 17 14 11 10 8 7 2
Table 4. U, (26”) table for use
4. U, (26" ) MOEME
5 D
2 0.0588
0.1126
4 11 0.1311
8 11 0.1683
6 7 9 0.1828
8 9 10 11 0.1967
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Figure 1. Geometry of calculating model
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Table 5. Calculation displacements of the key points on the slope
5. IBEWHEHE S It BB EHIEE)

SIS KR HT c(MPa) N EEBEff (") ZSTEARE £,(Gpa) THFALL o M5 A 1(Xdis)m BT 5 2(Xdis) Wil A 3(Xdis)m i 5 4(Xdis)m

1 0.50 36.8 2.46 0.296 —0.3265 —0.3584 —0.3661 —0.1486
2 0.52 37.8 1.86 0.288 —0.1187 —-0.1372 —0.1360 —0.0600
3 0.54 38.8 2.88 0.280 —0.0981 —0.1024 —0.1110 —0.0474
4 0.56 39.8 2.28 0.272 —0.2913 —-0.3201 —0.3270 —0.1344

DOI: 10.12677/hjce.2019.84099 859 T ARTHE


https://doi.org/10.12677/hjce.2019.84099

FIWRAE 4%

Continued
5 0.58 40.8 1.68 0.264 —0.4282 —0.4695 —0.4814 —0.1972
6 0.60 36.4 2.70 0.256 —0.0962 —0.1108 —0.1150 —0.0685
7 0.62 37.4 2.10 0.248 —0.0962 —0.1185 —0.1255 -0.0734
8 0.64 38.4 1.50 0.240 —0.1506 —0.1687 —0.1768 -0.1019
9 0.66 394 2.52 0.232 —0.0884 —0.0993 —0.1040 —0.0586
10 0.68 40.4 1.92 0.224 —0.0857 —0.0967 —-0.1015 —0.0574
11 0.70 36.0 2.94 0.216 —0.0673 —0.0746 —0.0811 —0.0554
12 0.72 37.0 2.34 0.208 —0.0865 —0.0985 —0.1047 -0.0745
13 0.74 38.0 1.74 0.200 —0.1552 -0.1747 —0.1850 -0.1234
14 0.76 39.0 2.76 0.300 —0.1390 —0.1556 —0.1650 -0.1086
15 0.78 40.0 2.16 0.292 —0.1234 -0.1392 —0.1473 —0.0965
16 0.80 41.0 1.56 0.284 —0.1641 —0.1861 -0.1974 —0.1258
17 0.82 36.6 2.58 0.276 —0.0932 —-0.1070 —0.1146 —0.0860
18 0.84 37.6 1.98 0.268 —0.0071 —0.0041 —-0.0027 —0.0031
19 0.86 38.6 3.00 0.260 —-0.1097 —-0.1251 —0.1332 —0.0980
20 0.88 39.6 2.40 0.252 -0.1195 -0.1363 —0.1452 —0.1060
21 0.90 40.6 1.80 0.244 —0.1005 -0.1165 -0.1250 —0.0897
22 0.92 36.2 2.82 0.236 —0.1664 —0.1864 -0.1971 —0.16006
23 0.94 37.2 222 0.228 —0.2511 —0.2800 —0.2952 —0.2358
24 0.96 38.2 1.62 0.220 —-0.0754 —0.0901 —0.0989 —0.0783
25 0.98 39.2 2.64 0.212 -0.077 —-0.0810 —0.0945 —0.0782
26 1.00 40.2 2.04 0.204 —0.0562 —0.066 -0.0717 —0.0594
0
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Figure 2. The X-displacement of feature points
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Figure 3. Training error curve
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Table 6. The error between network prediction and true values
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Vak=2 % FBH P N 245 s I 45 R 250 22 FXT IR ZE (%)
Ce 0.60 0.505 0.095 15.83%
b6 36.4 32.68 3.72 10.21%
Es 2.70 2.44 0.33 9.76%
e 0.256 0.275 0.019 7.35%
4 0.96 0.837 0.123 12.85%
[N 38.20 32.94 5.26 13.76%
E>y 1.62 1.819 0.219 13.51%
yon 0.220 0.278 0.058 26.58%
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