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Evaluation of rock stability based on combined weighting-unascertained
measurement theory

MU Cheng-lin, HUANG Run-qiu, PEI Xiang-jun, PEI Zuan, LU Jun-fu
(State Key Laboratory of Geohazard Prevention and Geoenvironment Protection, Chengdu University of Technology, Chengdu 610059, China)

Abstract: Owing to multi-objectivity and uncertainty in the evaluation of rock stability, the modified analytic hierarchy process
(AHP) and the entropy method are used to calculate the weights of factors. On this basis, a new combination rule is proposed to
determine the weight which can help us to get a relatively objective and accurate result. According to the influence factors and
grading standards of the rock stability, six qualitative indices and eight quantitative indices are selected. Based on the combined
weighting-unascertained measurement theory coupled valuation model, the stabilities of 12 surrounding rocks in the study area
are assessed and analyzed by using the unascertained measurement function, combination weighting and confidence criterion.
The stability of each surrounding rock is obtained. Compared with the results of field evaluation and fuzzy matter-element, the
evaluated results are consistent with the actual situations. Therefore, the combination weighting- unascertained measurement
theory evaluation model is scientifically reasonable for the rock stability. The integrality of assessment object information is
ensured, and the accuracy, objectivity and reliability of the evaluated results are guaranteed. The proposed model can be applied
to the actual projects.
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Table 1 Influence indices of surrounding rock stability and grading standards
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WAL minY) X7 <25 25~50 50~100 100~125 125~200
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Table 2 Influence indices of surrounding rock stability and evaluation

HRRQDFER, LMok AL &

R

TR Wm X X, X3 Xy Xs Xs X; Xg Xy Xio Xu X Xz Xy
D1 3 60 0.42 2 95 35 90 20 1 28 3 3 3.0 2
G450 D2 3 66 0.38 2 142 41 48 29 1 32 3 5 2.0 3
D3 2 48 0.20 3 84 27 88 15 2 38 3 2 1.2 2
D4 2 52 0.55 3 62 36 19 39 3 40 4 3 3.8 1
G500 D5 3 94 0.22 4 103 50 45 48 2 38 3 3 2.5 3
D6 1 78 0.41 1 78 45 103 24 2 27 4 2 1.5 5
D7 2 44 0.12 2 66 28 60 51 5 9 3 4 2.2 4
G620 D8 3 66 0.23 1 83 39 38 22 2 48 3 4 1.9 5
D9 5 74 0.32 3 140 34 30 24 4 12 4 3 3.2 2
D10 2 45 0.11 3 70 30 82 46 1 52 3 3 0.9 1
G860 D11 2 52 0.08 2 68 23 66 38 3 58 3 2 3.0 5
D12 2 46 0.15 2 78 35 84 55 2 56 5 2 2.5 3
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Fig. 1 Uncertainty measurement function of quantitative indices
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Table 3 Combined weights of influence indices

X; w' w' a B w,

X 0.101 0.088 0.4614  0.5386 0.093
X5 0.08 0.051 0.4614  0.5386 0.061
X5 0.048 0.059 0.4614  0.5386 0.056
X 0.062 0.088 0.4614  0.5386 0.079
Xs 0.063 0.058 0.4614  0.5386 0.059
X 0.041 0.054 0.4614  0.5386 0.051
X7 0.081 0.051 0.4614  0.5386 0.062
X3 0.061 0.088 0.4614  0.5386 0.079
Xo 0.081 0.088 0.4614  0.5386 0.083
Xio 0.08 0.051 0.4614  0.5386 0.063
X 0.055 0.088 0.4614  0.5386 0.076
Xz 0.094 0.088 0.4614  0.5386 0.091
Xi3 0.071 0.054 0.4614  0.5386 0.061
Xi4 0.082 0.088 0.4614  0.5386 0.086
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Table 4 Grading standards of surrounding rock stability

Lo e i S o , ,
W TR W [H7 e AT K BB BRI
C G G Cy Cs
D1 0 0.03808 0.49984 0.28325 0.17883 Cs — i FasE 1%
G450 D2 0.06854 0.08756 0.38419 0.25861 0.2011 Cs — e %%
D3 0 0.13286 0.24528 0.33324 0.28862 C, TrasE V%
D4 0 0.12215 0.14571 0.21246 0.51968 Cs WAFEE V&
G500 D5 0.03465 0.11472 0.38693 0.25072 0.21298 Cs — e %%
D6 0.09887 0.12438 0.13221 0.14291 0.50163 Cs WAFEE V&
D7 0.22645 0.28656 0.22014 0.15067 0.11618 G, FasE I %
G620 D8 0.10374 0.21078 0.26513 0.22681 0.19354 G — e %%
D9 0.50124 0.24171 0.12321 0.08479 0.04905 G ke e I 2%
D10 0.04846 0.10379 0.11324 0.16783 0.56668 Cs WA E V&
G860 D11 0.09294 0.16744 0.26973 0.24762 0.22227 Cs — e %%
DI2 0.04128 0.15680 0.26984 0.27325 0.25883 Cs N IV
2r W IR bR A e I EBUE, [FIR FES R AT AL
5 . . . . . ) S IR 20 K A R e PEAN AT 2 P e, A A
1 2 3 4 S N Sy N Ny — N
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0 i 7} 3 4 5 ' Bl EH . B ESLME; @V vk B2 E XA A

2 EMBETNERE (X, X, Xo, X1, Xio, X14)
Fig. 2 Uncertainty measurement function of qualitative indices
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