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A multidimensional cloud model for rockburst prediction

GUO Jiang, ZHANG Weixing, ZHAO Yan
(School of Resources and Safety Engineering, Central South University, Changsha, Hunan 410083, China)

Abstract: Rockburst is a significant challenge to the development of underground space and mining engineering.
The prediction of rockburst is an urgent issue need be solved. Based on the one-dimensional cloud theory, a
multidimensional cloud model for prediction of rockburst is proposed to deal with the uncertainty in the
forecasting process. It regards each prediction index as a one-dimensional variable in a multidimensional cloud
model, chooses the reasonable numerical characteristics of each cloud model according to the cloud theory and the
classification standard for prediction of rockburst, and determines the weighting coefficient for each prediction
index with the improved CRITIC method in view of the information and correlation of the indexes. Thus, the
multidimensional cloud models belonging to each rockburst level that synthesizes all prediction indexes are
generated and the final rockburst level of rock mass is determined according to the comprehensive certainty with
the values of each index input into the models. Then the model proposed in the present paper is validated with the
data of 20 groups of typical rock engineering at home and abroad. The predicted results of the proposed model are
found to be consistent with the actual rock status and are compared with those from the related method,

one-dimensional cloud model and the technique for order preference by similarity to ideal solution combined with
rough set (RS-TOPSIS). The results show that the multidimensional cloud model is effective and determines the

rockburst level quickly.
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Fig.1 A two-dimensional cloud model of a qualitative concept
affected by the factors X and Y
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Fig.2 Flow chart of prediction of rockburst proneness
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Table 1 Classification standard for prediction of rockburst
[11. 16]

proneness

EIREY a,/o, o./o W, K,
IEA %) <0.30 >40.00 <2.00 <0.55
NEAE#E)  0.30~0.50 26.70~40.00 2.00~4.00 0.55~0.65

M(HE 58 0.50~0.70 14.50~26.70 4.00~6.00 0.65~0.75

IVORFUE ) >0.70 <14.50 >6.00 >0.75
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Table 2 Numerical characteristics of multidimensional cloud

models for prediction of rockburst proneness

EREEY BUTRHE o]0, o./o We o K,
Ex 0.20 42.50 1.50  0.525
I En 0.267 14.16 250 0.272
He 0.01 0.10 0.05  0.01

Ex 0.40 33.35 3.00 0.6
1I En 0.267 14.16 250  0.272
He 0.01 0.10 0.05  0.01

Ex 0.60 20.60 5.00 0.70
111 En 0.267 14.16 250  0.272
He 0.01 0.10 0.05 0.01
Ex 0.80 11.75 7.50  0.815
v En 0.267 14.16 250  0.272
He 0.01 0.10 0.05 0.01
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Table 3 Data of rockburst at home and abroad!'®!

FEA TR HE AR S AR SR
WS oy)o, oo W, kK, R
1 0.58 13.2 6.3 0.79 v
2 0.45 17.5 5.1 0.68 111
3 0.39 20.9 4.6 0.65 111
4 0.20 41.0 1.7 0.50 1
5 0.66 13.2 6.8 0.82 v
6 0.38 17.5 4.5 0.56 11
7 0.41 29.7 33 0.64 1
8 0.11 31.2 3.7 0.71 1
9 0.23 27.8 3.9 0.59 1
10 0.53 15.0 6.5 0.70 111
11 0.42 21.7 4.5 0.67 111
12 0.39 21.7 5.0 0.73 111
13 0.10 23.0 4.7 0.52 1
14 0.44 269 55 0.78 11
15 0.81 18.5 3.8 0.68 111
16 0.41 29.4 73 0.64 11
17 0.59 22.9 5.0 0.63 11
18 0.54 17.5 6.6 0.61 11
19 0.38 19.7 5.0 0.69 111
20 0.38 28.4 5.0 0.58 11
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Table 4 Correlations between indexes for rockburst prediction

with Pearson correlation coefficient

o i AR 3 R A
UIE R
Oy / O Gc/ Oy Wet Kv
6,0, 1 —0.6289 04495 05134
o,./o, —0.628 9 1 —0.6311 —0.507 1
W, 0.449 5 —0.6311 1 0.5027
K, 0.513 4 —0.507 1 0.502 7 1

HERE, N 4 NERRITME R aR12)8 B Ak
SRIE T B Jn B I B, AR S K o B Ji U 14
TE A I A RS 128 DA 3 20 4H 4L T
FEA RSB A RSB AR, 5 LRGN
BIRL - IEA AL K RS-TOPSIS =y i
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Table 5 Prediction results of rockburst proneness and

comparison with the related methods

o T FE g W oo
WS ow om om Zﬂ e g:ﬁ% TOPSIS™
101506 0.4094 0.8284 09006 IV IV IV v
203728 07169 09430 06692 I I I i
304910 08198 09050 0.5487 I [ NI i
409971 08386 03836 01075 I T I I

5 0.1615 04428 0.8843 09489 1V IV II~IV v

6 04496 0.7791 0.7515 0.4302 II-III II I 11
7 0.8104 09841 0.7258 0.3844 II* 1 IT* I
8 0.7967 0.7992 0.6156 0.2478 I~II 1 = IT*
9 0.8260 0.7321 0.6799 0.2954 1 1 1 I
10 02426 05610 09247 0.8249 III  III 11 11
11 04978 0.8381 0.9269 0.5658 III  III 111 11
12 0.4791 0.8094 0.9074 0.5668 III  III 111 11
13 0.7835 0.7089 0.5788 0.3394 1 1 I I
14 05135 0.8473 09019 0.5620 II  III 111 11
15 02341 05599 0.8923 0.7578 II  III 111 11
16 05163 0.7841 0.7303 0.4418 II I I Ik
17 03993 0.8768 09915 0.7106 III* 1I Ir* I

18 0.2723 0.8734 0.9284 0.8039 II~III II II~III Ir*
19 0.4466 0.7731 0.8998 0.5741 II  III 11 11
20 0.6255 09138 0.8397 04518 1I I I I

T~ py TR AR T I~V ST IE: i,

RS WR, ASCHEVEARL TN A 45 R 5 S bR
BRERIEAY G, HHAL LRI BT 145 R
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