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Dynamic Stability Evaluation for High and Steep Slope of Open-Pit Mines
Based on CRITIC - Extension Cloud Model
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Abstract; The evaluation indices for open-pit mine slope stability are characterized by variability, randomness and
fuzziness. To overcome the defects of traditional methods in open-pit mine slope stability evaluation, such as static index
weights, insufficient correlation processing and poor handling of index differences, a multi-level and multi-variable
dynamic evaluation model was constructed for open-pit slope stability by improving extension cloud model, replacing the
standard deviation in the traditional CRITIC method with the coefficient of variation, revising the independence
coefficient of evaluation indices, and introducing correlation matrix into dynamic weight calculation. Then, three high
and steep slopes in an open-pit mine were evaluated using this model. The results show that the safety grade limit values
of those three slope areas are 3.38, 3.23 and 3.37 respectively, with confidence factors all less than 0.05, thus being
graded as Class III and considered to be basically stable. It is found that the evaluation results are basically consistent
with those obtained by using rigid body limit equilibrium method, extenics theory and unascertained measure theory,
which verifies the applicability and reliability of the proposed model.
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Fig.1 Stability evaluation system for open-pit mine slope
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Table 1  Value ranges of safety grade evaluation indicators for open-pit mine slope

geletseg S, /GPa S, S,/MPa  S,/(°) S5 Se S;/m S¢/(°)  Sy/mm S,V Sy
I 0~15  0~30 0~0.05  0~13 035~0.50  0~0.15  500~850 60~90 200~250 (0.20~0.40)g 80~100
1l 1.5~40 30~50 0.05~0.08 13~19 0.30~0.35 0.15~0.35 250~500 45~60  150~200 (0.15~0.20)g 60~80
1 4.0~7.0 50~70 0.08~0.12 19~29  0.25~0.30 0.35~0.55 100~250 30~45 100~150 (0.10~0.15)g 40~60
v 7.0~13.0  70~90 0.12~0.32 29~37  0.20~0.25 0.55~0.75 50~100 15~30  50~100 (0.05~0.10)g 20~40
v 13.0~28.0 90~100 0.32~0.55 37~50  0~020  0.75~1.00  0~50 0~15 0~50 (0~0.05)g  0~20
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Table 2 Cloud characteristic parameters of safety grade boundary for each evaluation index

T HBRBZFHESE(E,S, H)
ey I il 111 v \%
S, (0.75,0.25,0.01) (2.75,0.417,0.01) (5.5,0.5,0.01) (10,1,0.01) (20.5,2.5,0.01)
S, (15,5,0.01) (40,3.33,0.01) (60,3.33,0.01) (80,3.33,0.01) (95,1.67,0.01)
S, (0.025,0.008 3,0.01) (0.065,0.005,0.01) (0.1,0.006 7,0.01) (0.22,0.033 3,0.01) (0.435,0.038 3,0.01)
S, (6.5,2.1667,0.01) (16,1,0.01) (24,1.6667,0.01) (33,1.3333,0.01) (43.5,2.1667,0.01)
S (0.425,0.025,0.01) (0.325,0.008 3,0.01) (0.275,0.008 3,0.01) (0.225,0.008 3,0.01) (0.1,0.033,0.01)
Ss (0.075,0.025,0.01) (0.25,0.033 3,0.01) (0.45,0.033 3,0.01) (0.65,0.0333,0.01) (0.875,0.041 6,0.01)
S, (675,58.33,0.01) (375,41.67,0.01) (175,25,0.01) (75,8.33,0.01) (25,8.33,0.01)
Sg (75,5,0.01) (52.5,2.5,0.01) (37.5,2.5,0.01) (22.5,2.5,0.01) (7.5,2.5,0.01)
S, (225,8.33,0.01) (175,8.33,0.01) (125,8.33,0.01) (75,8.33,0.01) (25,8.33,0.01)
Sio (0.3,0.0333,0.01) (0.175,0.008 3,0.01) (0.125,0.008 3,0.01) (0.075,0.008 3,0.01) (0.025,0.008 3,0.01)
Sy (90,3.33,0.01) (70,3.33,0.01) (50,3.33,0.01) (30,3.33,0.01) (10,3.33,0.01)
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Fig.2  Cloud map of rock mass deformation modulus
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Fig.3 Overall view and zoning map of slopes in study area
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Table 3 Measured values of evaluation indices for each slope
in open-pit mine
B S S, Sy S, Ss S¢S Sy So Sy Su
Je¥Eiid 1 9.45 34 0.55 38.00 0.275 0.39 244 30 26 0.15 70

A 2 9.43 32 0.53 37.85 0.280 0.37 370 32 26 0.15 70
PETEIYE 3 5.83 30 0.50 36.80 0.283 0.35 204 31 26 0.15 70
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Table 4 Calculation results of an open-pit mine slope stability
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