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Application of catastrophe progression method to
comprehensive evaluation of slope stability
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Abstract: A slope has complex failure mechanism, and its stability is affected by many factors such as geological and engineering
factors. Therefore, more attentions are paid to study of slope stability. A catastrophe model basing on the catastrophe theory and fuzzy
mathematics is used to analyze and evaluate the slope stability; and a new comprehensive evaluation index of slope stability is
proposed: catastrophe progression. This index considers synthetically effect of many factors on slope stability and reflects actually
state of slope system. The study results of engineering cases show that this comprehensive evaluation method of slope stability based
on catastrophe progression method has higher accuracy and good application to slope stability analysis.
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Fig.1 Frequent catastrophe system
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Table 1 Related data of 25 slope cases

BEE o o AR %Ak
g mon 2 T g G moi mE0 R

/() /(") /m Yu F S
1 35.0 00.0 12.00 30 8.00 025  0.86 F
2 42.6 32.0 27.0 33 301 0.25 1.16 F
3 424 32.0 27.0 33 289 0.25 1.30 S
4 41.0 14.0 273 31 110 0.25 1.249 S
5 31.0 6.94 2151 30 76.81  0.38 1.01 F
6 300 1197 14.00 26 88.00 045 0.625 F
7 450 24.00 18.00 30.15 2000 0.12 1.12 F
8 20.0 0.00 23.0 20 100.0  0.30 1.20 F
9 20.0 0.0 20.00 245 8.0 0.35 1.37 S
10 20.0 5.0 18.0 30.0 8.0 030  2.05 S
11 43.0 40.0 27.0 35.0 420 0.25 1.15 S
12 42.0 50.0 27.0 40.0 407 0.25 1.44 S
13 42.0 35.0 27.0 35.0 359 0.25 1.27 S
14 37.8 3750 270 35.0 320 0.25 1.24 S
15 220 1197 19.63 200 12.19 0405 1.35 F
16 28.0 8.62  21.82 320 1280 049 1.03 F
17 16.0 3352 2041 11.0 4572  0.20 1.28 F
18 250 1532 18.84 300 1067 038 1.63 S
19 45.0 55.0 25.0 36.0 239.0 0.25 1.71 S
20 44.5 63.0 25.0 320 2390 0.25 1.49 S
21 46.0 63.0 25.0 320 3000 0.25 1.45 S
22 45.0 48.0 25.0 40.0 330.0 0.25 1.62 S
23 475 68.6 313 370 2625 025 1.20 F
24 350 11.71  19.06 28.0 21.0 0.11 1.09 F
25 200 1436 18.84 25.0 30.5 0.45 1.11 F
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Table 2  Utility function values of bottom factor

45 Cl C2 C3 C4 C5 C6  REBRHA
1 0.000 0737 0367 1000 1.000 0440  0.672
2 0466 0.899 0333 0.027 0444 0440  0.692
3 0466 0.893 0333  0.028 0444 0440  0.812
4 0204 0863 0354 0.073 0440 0440  0.748
5 0.01 0.653 0367 0.104 0.558 0.289  0.702
6 0174 0632 0423 0.091 0857 0244 0512
7 0350 0947 0365 0400 0.667 0917  0.711
8  0.000 0421 0550 0.080 0.522 0300  0.732
9 0000 0421 0449 1.000 0.600 0314  0.822

10 0.073 0421 0367 1.000 0.667 0.367 0.841
0.583 0905 0314 0.019 0.444 0.440 0.703
120729 0.884 0.275 0.020 0.444 0.440 0.832
13 0510 0.884 0314 0.022 0.444 0.440 0.654
14 0547 0.796 0314 0.025 0.444 0.440 0.663
15 0.174 0463 0.550 0.656 0.611 0.272 0.772
16 0.126 0.589  0.344 0.625 0.550 0.224 0.702
17 0489 0337 1.000 0.175 0.588 0.550 0.801
18 0223 0526 0367 0.750 0.637 0.289 0.800
19 0.802 0947 0305 0.033 0.720 0.440 0.837
20 0918 0.937 0344 0.033 0.480 0.440 0.802
21 0918 0.968 0344 0.027 0.480 0.440 0.798
22 0.700 0.947 0275 0.024 0.480 0.440 0.814
23 1.000 1.000 0.297 0.030 0.383 0.440 0.678
24 0.171  0.737 0393 0381 0.630 1.000 0.675
25 0209 0421 0440 0.262 0.637 0.244 0.777
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Fig.3 Relationship between utility function of
controlling variable and safety factor
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Fig.4 Catastrophe progression vs safety factor of slope
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Table 3 Assessment of slope stability
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