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Comprehensive prediction of mine debris flow’ risk
based on weight-varying cloud model

LIANG Weizhang, ZHAO Guoyan
(School of Resources and Safety Engineering, Central South University, Changsha ,Hunan 410083, China)

Abstract: In order to predict the risk of mine debris flow more reasonably, a weight-varying cloud model was
proposed by integrating the cloud model, variable weight theory and fuzzy entropy theory. Factors including
slope of hill, longitudinal shrinking slope, length of main ditches, catchment area, amount of slag, reserve of
solid loose mass of unit area, rainfall of rainy season, and vegetation cover were selected. And the cloud
characteristics of each classification index at different levels were calculated. The weight of each index in
different samples was determined by combining the variable weight theory and the index value. The
comprehensive certainty degrees were calculated by the generation algorithm of Gaussian cloud, and we choose
the maximum comprehensive certainty degree to estimate the level of the risk. The fuzzy entropy of
comprehensive certainty degrees was also used to indicate the fuzziness of this level, which provided more
detail reference for early-warning of mine debris flow. Finally, the effectiveness of this prediction model were
verified by 34 examples of mine debris flow from Qinling mountains, The results show that the results
satisfyingly agree with reality, which can be of interest from a practical viewpoint.
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Table 1 Classification standard of mine debris flow risk

st oy X,/(°) X,/ (%) X, /km X,/km? Xs/10* m®  X,/(10* m*/km?) X,/mm Xg/ %
1 <40 <20 <1 <0.8 <2 <30 <50 >60
11 40 ~42 20 ~35 1~5 0.8~2.9 2~16 30 ~ 100 50 ~ 100 40 ~ 60
1 42 ~45 35 ~50 5~10 2.9~5 16 ~30 100 ~1 000 100 ~ 500 20 ~40
v >45 >50 >10 >5 >30 >1 000 >500 <20
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Fig.1 Cloud model for X,
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Table 2 Measured data of indexes and prediction results'*’!

B 255
A% X, X, X5 X, Xs Xs X; Xg U, Uy Uy Uy Schdsds BOMIR SCmk(20] W)

KM 40 38.9 1.8 1.37 4.78 46.2 257 70 0.2809 0.5918 0.4152 0.102 6 1 0.820 6 WG K 1l
Jeiliily 45 36.7 0.6 0.74 3.12 84.9 259 70 0.2945 0.4261 0.4550 0.1650 11 0.873 1 W SE K 11
T 50 28.6 2.1 1.23 2.96 43.5 261 60 0.3353 0.678 1 0.3584 0.1435 1 0.838 8 WG B 1l
KEhys 50 64.3 0.8 0.32 3.17 153 264 50 0.4976 0.5278 0.5470 0.2890 111 0.962 9 & K 11
X0y 70 28.8 2.2 1.69 6.14 39.7 265 50 0.3229 0.8032 0.4337 0.228 8 1 0.8450 & [ 1
MBS 60 30.8 1.3 0.45 3.27 100 268 30 0.3929 0.5272 0.5996 0.1885 111 0. 906 8 & 1l
J\EpVEH 40 13.6 5.8 17.4 27.9 25.5 266 50 0.4483 0.4432 0.5599 0.248 9 1 0.943 8 WG K 11
bk 50 35.7 1.4 0.77 3.38 67.8 275 60 0.3502 0.4148 0.5184 0.1440 11 0.875 1 e K 1l
BEIIW 50 29.4 1.7 0.61 3.56 71.8 276 60 0.3517 0.6480 0.3668 0.1437 11 0.8518 W SE K 11
WEE 45 36.9 1.9 1.45 1.14 41.6 279 70 0.2636 0.4942 0.457 1 0.164 8 1 0. 866 5 WK fé W 11
K4 45 26.0 2.7 2.27 2.59 31.4 279 70 0.2468 0.5846 0.3995 0.1642 11 0.848 5 SR 11
—H®@ 50 38.8 1.9 505 1.23 30.4 268 50 0.4281 0.5362 0.5643 0.258 4 11 0.946 6 & B 1l
R 60 38.9 1.1 0.52 8.23 106 268 40 0.3201 0.5190 0.5349 0.1845 11 0.895 8 RS Iy 11
Wity 50 44.4 1.8 1.29 1.35 44.8 276 40 0.5389 0.5089 0.5124 0.1582 I 0.904 5 & B I
KV 65 557 2.6 1.61 6.71 37.1 277 70 0.4974 0.5667 0.6107 0.4146 T 0.980 7 & B 11
EZ3F 55 13.0 5.8 12.09 0.00 23.2 282 60 0.6196 0.4645 0.5648 0.297 7 111 0.953 5 SR 11
RV 55 19.0 1.6 0.96 0.00 83.3 284 40 0.4033 0.5510 0.4168 0.162 4 1T 0.894 6 [R5 1l
KM 75 23.3 0.5 0.37 0.00 97.3 274 30 0.5070 0.5008 0.5247 0.260 5 111 0.954 6 RS Iy 11
MHEE 50 21.5 2.2 2,13 0.00 28.2 260 40 0.3706 0.5838 0.4072 0.143 7 il 0.873 3 SR 1l
REKW 45 106 4.7 559 0.14 22.5 358 80 0.5124 0.3144 0.4982 0.388 1 I 0.963 5 RIE B I
B 40 7.4 6.8 11.03 2.55 21.6 359 90 0.5176 0.4027 0.4159 0.221 1 I 0.926 6  RIEK I
By 50 46.1 1.3 2,05 2.52 41.9 360 70 0.3887 0.5914 0.550 1 0.266 4 1 0.940 4 NGRS 1l
JEZRW 40 11.9 4.2 8.58 0.63 24.6 358 80 0.5556 0.3816 0.4072 0.218 6 I 0.9190  RfEk I
JREVE 40 13.6 2.2 2.43 0.71 33.3 360 80 0.4466 0.5003 0.3303 0.100 8 1 0.843 1 PN A5 1l
IR 40 11,0 2.0 2.02 36.9 54.2 243 40 0.3332 0.3450 0.3732 0.2662 11 0.907 5 i K 1l
o 50 13,7 5.8 10.49 43.12 23.8 244 60 0.6633 0.5655 0.5113 0.6383 v 0.961 4 & B 11
AWEH 60 49.5 5.1 6.50 4.94 22.8 245 60 0.4511 0.5377 0.599 3 0.348 8 111 0.971 5 & [ 11
WHW 60 49.3 2.1 0.87 16.0 40.2 246 20 0.2907 0.4877 0.5460 0.279 7 11 0.927 8 i K 11
TiEVg 55 27.3 1.1 0.41 10.3 132 247 60 0.3608 0.5546 0.3899 0.1627 1 0.883 4 i B 1
=il 60 33.3 1.2 0.71 16.4 93.7 247 60 0.3399 0.4504 0.5863 0.1830 11 0.894 0 fa, B 1l
PUiEVE 40 31.2 0.8 0.39 2.69 129 246 60 0.3313 0.3883 0.2443 0.1622 1 0.828 9 & B 1l
=il 50 11.5 4.0 3.90 1.30 23.9 233 70 0.5153 0.3677 0.4736 0.149 7 111 0.887 2 Y SR 11

=2 50 21.0 0.8 0.20 1.35 221 235 70 0.5326 0.3498 0.3703 0.1468 111 0.869 2 WG B 111
J5 ¥ 40 11.2 7.1 6.08 0.00 16.5 240 80 0.2447 0.2717 0.4326 0.1266 111 0.793 9 WG K 1
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