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Stability evaluation and parameter inversion of rock slope using
modified extreme learning machine model
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Abstract; The stability evaluation and parameter determination of rock slope are the classical and difficult
problem in the field of geotechnical engineering. This study investigates a new regularized online sequential
extreme learning machine, incorporated with the variable forgetting factor (FOS-ELM) , based on advantages
of intelligence computation to predict the factor of safety ( F) and invert parameters of rock slopes. The
Bayesian information criterion ( BIC) is applied to establish seven input combinations based on the parameters
of the Hoek-Brown criterion and geometrical and mechanical parameters of the slope, such as the geological

strength index (GSI), disturbance factor (D), rock material constant (m;), uniaxial compressive strength
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(o,), unit weight of the rock mass (v), slope height (H) and slope angle (B). Seven models are
established and evaluated to determine the optimal input combination. Various statistical indicators were
calculated for the prediction accuracy examination. Compared to the classical extreme learning machine
(ELM) model predictions of F, the results of the applied FOS-ELM model demonstrate a better prediction
accuracy and are more effective when accounting for an increase in data. The FOS-ELM model with all seven
input parameters ( FOS-ELM-M, ) is used to establish inversion model, the results show that the inversion
calculation of one or two slope parameters is fast and accurate, which provides a new method for obtaining rock
slope parameters.

Keywords: rock slope stability; Hoek-Brown criterion; FOS-ELM; Bayesian information criterion; safety
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Table 1 The seven input combination models were constructed based on the variability influence of each slope parameter

( Several statistical metrics are computed as determination factors)

HOERT N2 500 HOERNE 1 085
(o8] A A FOS-ELM ELM FOS-ELM ELM
RMSE MAE r RMSE MAE r RMSE MAE r RMSE MAE r
M, GSI 2.186 1.332 0.584 2.352 1.343 0.477 1.743 0.200 0.778 1.792 0.209 0.771
M, GSI + o 0. 899 0.264 0. 643 0.924 0.293 0. 622 0.471 0.178 0. 843 0.399 0.213 0.767
M, GSI+o, +m; 0.563 0.222 0.776 0.674 0. 245 0.715 0.332 0.173 0. 861 0.374 0. 196 0.813
M, GSI+o,+m; +D 0.421 0.203 0. 804 0.436 0.217 0.787 0.330 0.163 0. 866 0. 349 0. 169 0. 827
M; GSI+o,+m, +D+H 0.226 0.178 0. 842 0.351 0. 196 0.813 0.171 0. 085 0.969 0.313 0.173 0.878
M, GSI+o,+m, +D+H+pB 0.251 0. 144 0. 855 0.291 0.173 0. 833 0. 181 0.093 0. 957 0.291 0. 158 0. 884
M, £& 0.109 0.109 0.929 0.134 0.111 0. 906 0. 069 0. 060 0. 994 0.100 0. 090 0.987
WA R R A S
x2 IRGISH(GSI.m, D) REHER
Table 2 The inversion results of engineering case parameters (GSI.m;, D)
R T % 3 o 5 8 2002 5 R =58
’ PKAE MPa ) m  (kN-m™?) ' GSI  m, D GSI m, D GSI m, D
- s 23 48 157 27 5.41 65 7 0. 66 6.5 0.7 63 8 45 20 0
[16] 2-M5 b 25 48 110 27 1.74 40 7 0. 39 5 0.7 39 6 38 10 1.0
3k 23 48 157 27 3.75 65 7 1 63 6 0.95 66 1.0 50 15 0.7
4 kb 25 48 110 27 0.80 40 7 1 40 6 0.90 37 10.0 41 8 0.7
[29] 5-H 5.2 36 14.2 22.2 0.86 21 9.5 0 21 10 0. 00 23 0.3 30 5 0.7
[30] 6-H A 5.2 34 20 22.2  0.97 16 7 0.7 15 8 0. 80 7.5 0.7 21 8 1.0
T-R K 40 60 80 21 1. 14 37 9 1 38 10 1.00 10.0 1.0 34 12 1.0
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Fig. 8 The inversion results of m,
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