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Slope stability analysis based on hybrid cross-weighting-extension theory
SUN Huizhen' ,ZHOU Zonghong®,LI Jin? ,LIU Jian®
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Kunming 650093, China;
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Abstract: As the mining depth increases, the stability of the open-pit mine slope is gradually decreasing, which
has a serious impact on mine safety. In this regard, there is currently no accurate evaluation method. In this paper,
five influencing factors including slope rock cohesion,rock internal friction angle, atmospheric annual precipitation,
slope height, and slope angle were used as evaluation indicators. Coefficient of Variation (CV), Gl method,
multiplication combination, and mixed cross combination were used. Four methods were used to determine the
weight,and then the matter-element extension method was introduced to analyze the stability of 13 types of open-pit
mine slopes at home and abroad,and compared the accuracy of the four weighting methods. The results show that the
cohesion of the rock formation and the internal friction angle of the rock have a greater impact on the stability of the
slope,and the weight results obtained by the improved hybrid cross weighting method are more reasonable. The
hybrid cross-weighting-extension theory is applied to the open-pit slope stability evaluation of the Chang’an gold
mine in Yunnan. The results obtained are consistent with the field measurements and obtained obvious effect.
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Table 1 Classification standard of open-pit slope stability (normalized)
Tt 5 4 21 M 2K J1/MPa PEEHE S/ (D) 4 P K 4 /mm Wi /m WS/
1 (0.50,1.00] (0.33,1.00] (0. 85,1.00] (0. 88,1.00] (0.78,1.00]
I (0. 20,0.50] (0. 28,0.33] (0. 75,0. 85] (0. 80,0. 88] (0.67,0.78]
I (0.10,0.20] (0. 22,0. 28] (0.60,0.75] (0. 60,0.80] (0.61,0.67]
v (0.05,0.10] (0.11,0.22] (0. 40,0.60] (0. 40,0.60] (0.56,0.61]
V (0. 00,0.05] (0.00,0.11] (0. 00,0.40] (0.00,0.40] (0.00,0.56]
x2 ERNERNER
Table 2 Weight values of each evaluation indexes
WAL T ¥ 2R J1/MPa N PEEE AR/ () AEREK i/ mm i /m Yesm/ )
CV ¥ 0. 31 0. 30 0. 15 0. 10 0. 14
Gl ¥ 0. 33 0. 24 0.17 0.12 0. 14
Fe i 4l A1k 0. 45 0. 30 0.11 0.05 0. 09
RA Xk 0.31 0. 30 0.16 0.09 0.14
®3 BRYLBEXBRENELERRELWME
Table 3 Calculation results and grade determination of slope correlation degree of open-pit mine
WA 7S 1 Il 1] I\l N RSN ERER
1 —0.516 55 —0.210 70 —0.435 10 —0. 281 22 —0.513 29 1 1
2 —0.364 21 —0.172 68 —0. 341 34 —0.301 54 —0.534 14 I I
3 —0. 395 60 —0.244 73 —0. 083 20 —0. 288 87 —0.498 49 1 1
4 —0. 080 22 —0. 606 87 —0.637 80 —0.644 14 —0.719 18 1 1
5 —0.355 89 —0.182 15 —0.150 59 —0.361 68 —0.526 76 1T Il
6 —0.664 32 —0.534 88 —0. 345 30 0.048 98 —0.329 30 I\ I\
CV ¥ 7 —0.329 63 0.051 28 —0.313 22 —0.382 93 —0.515 90 I 1
8 —0. 257 56 —0.416 48 —0.472 19 —0.285 71 —0.553 37 1 I
9 —0.174 81 —0.414 32 —0.303 85 —0.455 97 —0.645 53 1 1
10 —0.637 69 —0.550 15 —0.552 04 —0.572 33 —0.344 64 Vv Vv
11 —0.513 24 —0. 237 46 —0.452 32 —0.310 68 —0.498 75 I I
12 —0.361 39 —0.149 70 —0.330 12 —0.331 35 —0.537 09 il Il
13 —0.403 47 —0.275 55 —0.082 69 —0.277 44 —0.494 82 I |
1 —0.512 80 —0. 187 60 —0.447 36 —0.336 82 —0. 545 34 1 1
2 —0.361 42 —0.162 97 —0.367 17 —0. 349 47 —0.556 63 I I
3 —0.433 41 —0.260 57 —0.078 80 —0.295 07 —0.507 54 I I
4 —0. 089 89 —0.577 15 —0.610 77 —0.617 53 —0.698 68 1 1
) —0.297 01 —0.215 95 —0.300 91 —0.415 60 —0.576 45 I I
6 —0.667 92 —0.533 50 —0.338 30 0.040 51 —0. 346 08 v N
G1 % 7 —0.353 32 0.018 92 —0.33878 —0.402 72 —0.527 72 I I
8 —0.519 00 —0.339 51 —0.062 40 —0.289 41 —0.520 23 I |
9 —0.165 83 —0.439 04 —0.361 39 —0.494 63 —0.672 84 1 1
10 —0.675 08 —0.591 39 —0.594 89 —0.602 38 —0.33833 Vv v
11 —0. 380 95 —0.262 08 —0.184 37 —0.411 66 —0.531 94 1 I
12 —0. 360 96 —0. 140 84 —0.358 94 —0.374 02 —0.558 95 1 1
13 —0.443 26 —0.292 09 —0.077 06 —0. 281 55 —0.503 12 il il
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Table 4 Calculation results of correlation degree
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