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Abstract: To effectively predict rockburst, a rockburst prediction method based on D-S
evidence theory is proposed. Firstly, six indicator factors related to rockburst occurrence are
selected as evidence, and the basic probability assignment of evidence is constructed through
fuzzy matter-element framework and normal type degree of membership function. Then, the
evidence is classified using K-means and a combined fusion rule of fusing evidence within
clusters in classical Dempster’ s rule while fusing evidence between clusters in the weighted way
is proposed to reduce the adverse effects of high conflict evidence fusion. Finally, the model is
applied to the No. 2 shaft project of the Qinling Zhongnanshan highway tunnel and compared with
the empirical method. To address the uncertainty in the prediction process and to estimate the
probability of rockburst occurrence, Monte Carlo simulation is used to perform sampling
simulations and the global sensitivity of the input indicators is measured by Spearman’ s rank
correlation coefficient. The results show that the influence of the input indicators varies widely
and in different directions for different rockburst cases; the probability of occurrence of the five
rockburst cases ranges from 40.8% to 70.1%. The model shows outstanding predictive
classification performance and can provide reference for rockburst prediction in deeply buried
underground projects.
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theory model
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Table 1 Classification criteria for rockburst

evaluation indicators
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Table 3 Basic probability assignment for rockburst cases
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A m(4)) m(dy) m(dy) m(dy) n(0)
o, 0.007 8 0.8215 0.1700 0. 000 7 0.000 0

o, 0.0479 0.3808 0.4816 0. 089 7 0.0000

| o, 0.334 1 0.642 1 0. 008 4 0.0155 0.0000
0y/0. 0.254 1 0.7325 0.0130 0.000 5 0.000 0

0,/0, 0. 000 4 0.148 6 0. 809 7 0.0412 0.000 0

W 0.022 1 0.8333 0.1230 0.0216 0.000 0

o, 0.000 0 0.0114 0.9354 0.0532 0.000 0

o, 0.050 8 0.406 1 0.4563 0.086 8 0.000 0

5 o, 0.0119 0.0050 0.607 7 0.3754 0.000 0
04/0, 0.000 0 0. 000 8 0.368 6 0.594 2 0.0363

0,0, 0.000 0 0.002 7 0.4334 0.5582 0.005 8

/8 0.0000 0. 0000 0. 000 0 0.826 1 0.1739

o, 0.0000 0.0526 0.8843 0.028 3 0.034 7

o, 0.042 1 0.330 1 0.5321 0.0957 0.000 0

o, 0.0130 0. 006 8 0.638 1 0.3422 0.000 0

’ 0/0, 0. 000 5 0.0158 0.764 2 0.2195 0.0000
0/0, 0.0000 0.003 6 0.4878 0.508 6 0.0000

W, 0.000 0 0.000 0 0.0055 0.988 4 0.006 1

o, 0.000 1 0.604 1 0.3927 0.003 1 0.000 0

o, 0.0570 0.4556 0.4063 0.0811 0.000 0

o, 0. 068 9 0.2925 0.5236 0.1150 0.0000

! 0y/0. 0.0396 0.6610 0.2878 0.0116 0.000 0
0/0, 0.000 0 0.0110 0.6856 0.303 4 0.000 0

W, 0.000 0 0.0103 0. 699 2 0.2905 0.000 0

o, 0.000 0 0.396 4 0.5597 0. 006 2 0.037 8

o, 0.0539 0.4311 0.4311 0.0839 0.000 0

o, 0.1345 0.6595 0.1502 0.0558 0.000 0

: 00, 0.0139 0.347 4 0. 604 9 0.0338 0.0000
0./0, 0.0000 0.0289 0.8112 0.1599 0.000 0

/4 0.0009 0.362 4 0.564 6 0.072 1 0.000 0

ERE LSRR N T W AW @) ]
BEVERT 5 A5 1 SR O RO UE SR AR 2 0 EA T 402 Oy
TR R I R AR AR SO — e kg
AR PR 6 M EHE 73 3 28 . MG 54> A g =
MUESE 3 25 R (LR 4) , w] LR A~ 7 1R 58
R EEAESAE Sex @

ZJe BB HR S B UE S T S 4 R TR
iR Rl 77 2 FHECB) A (10) Rt
(DX TR . ARIERE I B R AR (I
e 5) IR, 5 AN S0 A T TR A, X Rk
BEIF B D-S UL RS A L5+ I T » 2 E 77 .

3.2 52WIEXTLL
T k2 R L T D-S IR A S 4R T

x4 BBRROIBNEESE

Table 4 Classification of evidence in rockburst

cases
J¥ 5 %1 %2 3
1 0,040,000, W, Oy o,
2 0,,04/0.,0/0, We o, o,
3 0,040,000, W, oy o,
4 0,,040.,0)0, W, o, o,
5 0.,04)/0,,0/0,W, oy o,

AR R F) AT 25O o 5 2 06 5 ik AT HE (AL
F6). HIRRM] IR S S B T 22
HOR, BALTBR w. Z SN2 56TT i



% 2 4

B AKESF T D-SHEIE I 6 0h B IRFAN R AR 249

x5 EEMERAEBEMNER
Table 5 Results of evidence fusion and rockburst
prediction

i m(A,) m(4y) m(4y)
1 0.0202 0.7384 0.2035 0.0379 0.0000

m(4,) m(0)

do

2 0.0147 0.1170 0.2193 0.6490 0.0000
3 0.0115 0.0902 0.1948 0.7035 0.0000
4 0.0149 0.1189 0.8438 0.0223 0.0000
5 0.0165 0.1696 0.7879 0.0260 0.0000
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Table 6 Comparison of results with empirical methods
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