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Stability Analysis of Concave Open-Pit Slope Based on FMM-SVR Model
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and Electric Engineering, Cangzhou 061001, Hebei, China)

Abstract: The parameters of the Fuzzy Measure Method (FMM) in slope stability analysis are difficult to determine,
thus a support vector regression (SVR) model was established and used to accurately predict parameters of the FMM,
and a slope stability prediction model, FMM-SVR, was established, which was then used to predict the instability
probability of the slope during the second-phase open-pit mining in Gaocun Iron Mine of Masteel Mining Resources
Corporation. The results show that the maximum slope instability probability is 0.120 8 as mining operation approaches
the toe of slope in an open pit, indicating that the slope remains overall stable with a risk of partially instability. This
conclusion is also consistent with the on-site measured results. The location of the most critical sliding surface of the
slope was determined by the finite element strength reduction method, and the factor of safety is calculated to be 1.5,
which further verifies the effectiveness of the FMM-SVR model.
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Fig.1 Schematic diagram of open-pit mine slope
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Table 1  Physico-mechanical properties of rocks

iﬁi PV VIRA I FET B K v
KA GPa ¢/kPa o/(°) (kN - m™)
EIE=: 5 0.27 40.5 37.4 26.0
KN 6 0.26 45.0 39.0 30.5

N B 8 0.27 50.0 38.0 26.0
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Fig.2 Prediction results of parameters (¢ and 1) in training
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Table 2  Prediction results of testing sample set of

fuzzy parameter (&)

v/ o o o H w ¢ oo AN
(kN-m?3) kPa (°) (°) m kg 5 R/ %

27.0 50 40 42 407 4329 0.0363 0.0374 3.03
18.5 12 0 30 6 348.1 0.1542 0.1509 2.14
22.4 10 35 30 10 367.2 03467 03331 3.92
21.4 10 30 30 20 3239 0.1503 0.1470 2.20
27.0 35 35 42 359 465.1 0.0366 0.0378 3.28
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Table 3 Prediction results of testing sample set of Table 5 Calculation results of slope instability probability
fuzzy parameter () A x/m JeRatER HEL o/m JeRaER
T X 0 0.1208 26 0.0213
F5 o/(°) o/(°) H/m h/m .
HR O RE/ % 1 0.1139 27 0.0196
1 350 420 359.0 3360 0.6736 0.6775 0.58 2 0.107 4 28 0.018 1
2 360 450 500 48.0 0.7568 0.8005 5.77 3 0.101 2 29 0.016 6
3300 350 4.0 3.0 05390 05147 4.51 4 0.095 3 30 0.0152
4 350 378 3200 3160 05500 05738 4.32 5 0.089 8 31 0.0139
5 300 450 200 18.0 06415 06521 1.65 6 0.084 5 3 0.0127
7 0.079 4 33 0.0115
32 BRI SR : 00746 34 00104
. TN - 9 0.070 1 35 0.009 4
ZRERIZN K AR B B H T KFE 1R 0 0.065 8 % 0,008 4
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1S A A RS R 5 A g 00415 " 00032
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s 19 0.036 1 45 0.002 1
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Fig.3  Geological model of open-pit mine slope
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Table 4 Parameters of FMM predicted with SVR

EELIN v/ o/ o/ o

(N -m?) kPa (o) (o) /m o Wmomke&m
Gl 26.0  40.5 37.4 41 142 12 400 0.04 0.70
KN 30.5 45.0 39.0 41 108 12 550 0.08 0.60
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Fig.4 Finite element analytical model
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Fig.5 Calculation by finite element method with different reduction coefficients
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