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Novel extension evaluation model for stability of surrounding rock based on
connection clouds
WANG Ming-wu, DONG Jing-quan, DONG Hao, ZHOU Tian-long, JIN Ju-liang
(School of Civil and Hydraulic Engineering, Hefei University of Technology, Hefei 230009, China)
Abstract: In view of the problem that fuzziness, randomness and the interval and dispersion characteristics of the evaluation
indexes exist in the process of evaluation of stability of surrounding rock, a novel evaluation model coupled with the extension
theory and connection cloud model is described here. The evaluation process of this model is as follows. Firstly, the digital
features of the connection cloud model are generated according to the classification standards. The relationship between the
samples and the evaluation standards is simulated by the matter-element expression and standard extension field based on the
connection cloud model. Then, the generation algorithm of connection clouds is discussed to analyze the certainty degrees of
measured indexes to each evaluation standard, and they are used to set up the comprehensive evaluation matrix. Finally, the
integrated evaluation vectors specified according to the measured data and the combination weights composed of subjective and

objective weights are used to determinate the stability grades of surrounding rock and the dynamic relationship between the
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samples and each grade, and the credible degree of the evaluation results is further given. Case studies and comparison with
other methods show that the proposed model is feasible and effective. It provides the possibility of uncertainty analysis for
cannot effectively simulate the interval distribution data.

multiple incompatible indexes with fuzziness and randomness, and it can overcome the defects that the normal cloud model
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Table 1 Classification standards of evaluation indexes for stability of surrounding rock

PR FR R RQD/% R,,/MPa K; w/(L-(min-10m)™")
I 90~100 120~200 0.75~1.0 0.8~1.0 0~5
II 75~90 60~120 0.45~0.75 0.6~0.8 5~10
11 50~75 30~60 0.30~0.45 0.4~0.6 10~25
i\ 25~50 15~30 0.20~0.30 0.2~0.4 25~125
% 0~25 0~15 0.00~0.20 0.0~0.2 125~300
iy A B ETR P RQD A A LA AN PUE TR Ry

d, =max{d,,d,,-d,} (15)
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Table 2 Measured values of evaluation indexes!”’
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P8 509 340 032 035 21
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Fig. 1 Standard connection clouds of each evaluation index under
different stability grades
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Table 3 Results of sample P1
bR ot SR SO
I Il il v \%

RQD /% 0.2249 26.0 0.0000 0.0000 0.0000 0.5593 0.4419
Ry /MPa 0.2221 36.0 0.0000 0.01828 0.7967 0.0948 0.0000

K, 0.1445 0.22 0.0000 0.0000 0.0075 0.7843 0.3635

K¢ 0.1931 0.35 0.0000 0.0000 0.1957 0.8471 0.0011
o /(L-(min-10 m) ") 0.2153 5 0.4998 0.4998 0.0000 0.0000 0.0000
ZREVEHA R D 0.1076 0.1117 0.2158 0.4238 0.1521
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Table 4 Evaluation results of example and comparison with other methods
_— LA TR A R BE R Fa e SR
I 11 I v \% 0 AT e HTEY RS-TOPSIS”! Al4 7 1%
P1 0.1076  0.1117 0.2158  0.4238  0.1521 0.0009 v v v v
P2 0.0000 02368  0.6411 0.1220 0.000 0.0012 il il il il
P3 0.1077  0.1150  0.3860  0.3630  0.0721 0.0032 il il il il
P4 0.0153 0.2717  0.5207  0.2696  0.0077 0.0018 il il il il
P5 0.2757  0.4446  0.3055  0.0061 0.0000 0.0017 Il Il Il Il
P6  0.0159  0.6369  0.3494  0.0355 0.0000 0.0028 Il Il Il Il
P7  0.1079  0.1604  0.3838  0.2785 0.0393 0.0044 il il il Il
P8  0.0000  0.0026  0.5992  0.4305 0.0003 0.0016 il il il il
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