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Abstract The landslip of rock slope with the influence of blasting vibration often results in serious disasters,
frequently with heavy losses of life and damage to property. It is generally difficult to precisely analyze rock slope
stability due to the vast number of unknown variables, such as slope type, height and angle of slope, physical
properties of rock mass, and so on. The prediction of failure of rock slope is an important problem of rock mechanics
in the engineering excavation activities, especially the open-pit mine in mountainous areas. It is difficult to determine
the rational slope angle of rock slope because of the complexity of the problem. Recently, fuzzy theory has been
applied to predict the landslip and failure of rock slope. The landslip of rock slope can be regarded as a fuzzy event.
The landslip will take place at a fuzzy probability, and so the theory of fuzzy measures can be applied to predict the
landslip and failure of rock slope. By using statistical analysis, the initial damage of the rock slope in mountainous
areas is found to be of normal distribution. Based on the results of statistical analysis of a large amount of
measured data in slope engineering, the fundamental fuzzy model of failure of rock slope is established by using
the theory of fuzzy mathematics. The formulas of two-dimensional problems are derived and applied to the
prediction of slope failure due to surface mining., The fuzzy measure models are adopted for determination of
rational slope angle considering the influence of the blasting vibration on open-pit mine in mountainous areas. The
fuzzy failure probability and dynamic responses of the rock slope are calculated. Numerical results are compared
with those obtained from independent field tests. The agreement of the theoretical results with the field
measurement shows that the presented model is satisfactory and the formulas obtained are valid, and thus can be
effectively used for prediction of slope failure and determination of the rational slope angle of rock slope.
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Fig.1 Sketch of open-pit excavation
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Table 1 Parameters of blast in open-pit mine

B HHE LR EBE A B i E 785

e kgem?  /m /m /m /m
1 0.42 13.50 11.50 2.0 7.60
2 0.42 13.50 11.50 2.0 6.00
3 0.42 13.50 11.50 20 6.50.
4 0.42 14.00 12.00 2.0 617
5 0.42 16.00 13.90 2.1 6.60
6 0.52 13.50 11.50 20 3.60
7 0.52 13.50 11.50 2.0 4.50
8 0.52 13.50 11.50 20 5.10
9 0.52 13.60 11.50 21 4.40
10 0.52 14.00 12,00 2.0 4.50
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Table 2 In-situ measured results in the open-pit mine

Ma R O ®WE AR RIEE KTEE R

Wy wmY /m kg  femes”t /m /m
1-1 25 10.00 469.60 13.30 21.00 23.30
1-2 26 10.00 347.60 23.80 15.80 18.70
2-1 22 10.00 413.30 74.30 14.50 17.60
3-1 36 10.00 359.00 35.00 20.00 22.40
4-1 03 11.60 468.00 240 66.50 67.50
5-1 131 24.90 468.00 11.40 37.80 45.30
5-2 311 24,90 468.00 11.40 37.80 45.30
6-1 08 24.80 468.00 2.40 50.00 55.80

7-1 56 25.30 468.00 5.00 81.50 85.30

8-1 314 51.00 468.00 8.40 83.50 97.80
8-2 361 51.00 468.00 8.40 83.50 97.80
9-1 54 58.10 468.00 3.00 72.00 91.70
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Table 3 Engineering parameters for calculation

WRH HAa PR L PEEHR A
m i) /m @)

72 47 67 39.83 0:89 0.02
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Table4 The numerical results for the stability analysis of rock slope in Longnan open-pit mine

x/m Halx;) MP(4) X/ m Hi(x;) MP(4)

—60 0.339 596 0.014 53301 —23 0.661 001 0.166 159 13
—~358 0.352 044 0.019 402 91 —22 0.673 007 017247823
—56 0.364 948 0.024 590 20 —-21 0.685 231 0.178 934 37
—54 0.378 326 0.030107 18 —-20 0.697 676 0.185 529 49
—~52 0.392 194 0.035 966 i5 —-18 0.723 250 0.199 150 50
-—50 0.406 579 0.042 177 57 =17 0.736 387 0.206 181 00
—48 0.421 473 0.048 528 40 —=16 0.749 762 021335977
—46 0.436 922 0.055399 53 =15 0.763 380 0.220 376 36
—44 0.452 938 0.062 820 34 —14 0.777 245 0.227 876 58
—42 0.469 541 0.070 562 62 -13 0.791 362 0.235 485 59
—40 0.486 752 0.078 722 40 —-12 0.805 735 0.243 275 57
—38 0.504 595 0.087 312 60 =11 0.820 370 0.251 221 91
~36 0.523 091 0.096 078 74 —-10 0.835 270 0.259 330 45
—34 0.542 265 0.105 560 02 ~9 0.850 441 0.267 599 77
—32 0.562 143 0.115509 14 —8 0.865 888 0.276 032 11
-30 0.582 748 0.125 940 58 ~7 0.881 615 0.284 638 22
~29 0.593 333 0.131 34316 ~6 0.897 628 0.293 407 66
~—28 0.604 109 0.135 869 96 ~5 0913931 0.302 351 12
~27 0.615 082 0.142 52373 —4 0.930 531 0.311 467 34
~26 0.626 254 0.148 018 26 -3 0.947 432 032043098
—~25 0.637 628 0.153 932 96 -2 0.964 640 0.329897 23
—24 0.649 209 0.159978 08 ~1 0.982 161 0.339 547 79
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