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Stability analysis of high stage backfill based on improved CRITIC-G1
method combined with weighted cloud model
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Abstract; The process of high-stage filling stability risk assessment is characterized with fuzziness and
randomness. A high-stage filling stability evaluation model with the introduction of the cloud model theory
is proposed in this paper. Taking four domestic deep mines including Anqing Copper Mine as the research
objects, 16 influential factors, such as slump, lateral exposure area, filling slurry slope, and filling effect,
were selected as risk assessment indicators. The cloud model parameters of each index belonging to
different risk levels were calculated with the help of cloud theory. At the same time, based on the improved

CRITIC-G1 method, the subjective and objective weights of the evaluation indexes were optimized and
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integrated into the comprehensive weights of the indexes. Then, the comprehensive certainty degree of the
backfill stability was calculated by using the forward Gaussian cloud generator, and the stability grade of
the filling body of four mines was finally determined. The results show that the risk levels of Anging
Copper Mine, Lilou Iron Mine, Dongguashan Copper Mine and Sijiaying Iron Mine are grade IV, grade IV,
grade 111, and grade II, respectively, and the filling body of Sijiaying Iron Mine is relatively stable.
Compared with other mathematical models, the proposed model not only ensures the accuracy of the
results, but also uses cloud numbers to represent the fuzziness and randomness so as to obtain the stability
grade of the filling body under the coupling effect of different evaluation indexes. The model realizes the
visualization of the classification, and has certain reliability, providing a new method for the risk
assessment of the stability of high-stage filling body.

Keywords: high stage filling body; cloud model; improved CRITIC method; combination weighting;
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Table 1 Stability indexes of high stage filling body
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Table 2 Classification criteria of quantitative indexes for stability evaluation of backfill body

IR 4 2 I,/cm 1./% I,/pm I,/h I; I;/MPa

1 18~<25 <2 <40 <12 <1.5 =>0.2

Il 25~<C27 2~<4 40~<C70 12~<C24 1.5~<73.0 0.15~<20.2

I 27~<29 4~<6 70~<100 24~<C48 3.0~<4.5  0.10~<20.15

I\ 29~<230 =6 =100 =48 =4.5 <0.1

REES5Eg I,/(em-s™ ") Iy I,/m? Io/m I,/(g+em )  I,;/MPa

I <0.8 <1.2 <500 <30 =1.8 =2.0

I} 0.8~<1.2 1.2~<<1.8  500~< 2000 30~<C60 1.6~<C1.8 1.5~<C2.0

il 1.2~<1.6 1.8~<C2.4 2 000~<(4 000 60~<C120 1.4~<1.6 1.0~<1.5

v =1.6 =2.4 =4000 =120 <14 <1.0
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Table 3 Scoring standard of qualitative indexes for stability evaluation of filling body
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Table 4 Calculation rules of cloud model digital characteristics
IR 257 20 WH®E, 5 E. I H.
1 E.. = (0+a) /2 E.= (a—0) /6 0.05
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Table 5 Numerical characteristics of cloud model for stability risk index of filling body

A (E.,E..HO
ERy 1% I % Il %% V&
I (21.50,1.17,0.05) (26.00,0.33,0.05) (28.00,0.33,0.05) (29.00,0.33,0.05)
I, (1.00,0.33,0.05) (3.00,0.33,0.05) (5.00,0.33,0.05) (6.00,0.33,0.05)
I, (20.00,6.67,0.05) (55.00,5.00,0.05) (85.00,5.00,0.05) (100.00,5.00,0.05)
I, (6.00,2.00,0.05) (18.00,2.00,0.05) (36.00,4.00,0.05) (48.00,4.00,0.05)
I; (0.75,0.25,0.05) (2.25,0.25,0.05) (3.75,0.25,0.05) (4.50,0.25,0.05)
Is (0.20,0.01,0.05) (0.18,0.01,0.05) (0.13,0.01,0.05) (0.05,0.02,0.05)
I (0.40,0.13,0.05) (1.00,0.33,0.05) (1.40,0.47,0.05) (1.60,0.47,0.05)
Is (0.60,0.20,0.05) (1.50,0.10,0.05) (2.10,0.10,0.05) (2.70,0.10,0.05)
I (250.00,83.33,0.05) (1 250.00,250.00,0.05) (3 000.00,333.33,0.05) (4 000.00,333.33,0.05)
Iy (15.00,5.00,0.05) (45.00,5.00,0.05) (90.00,5.00,0.05) (120.00,5.00,0.05)
Iy (1.80,0.03,0.05) (1.70,0.03,0.05) (1.50,0.03,0.05) (0.70,0.23,0.05)
I (2.00,0.08,0.05) (1.75,0.08,0.05) (1.25,0.08,0.05) (0.50,0.17,0.05)
I (1.00,0.33,0.05) (3.00,0.33,0.05) (5.00,0.33,0.05) (7.00,0.33,0.05)
Iy (1.00,0.33,0.05) (3.00,0.33,0.05) (5.00,0.33,0.05) (7.00,0.33,0.05)
I (1.00,0.33,0.05) (3.00,0.33,0.05) (5.00,0.33,0.05) (7.00,0.33,0.05)
s (1.00,0.33,0.05) (3.00,0.33,0.05) (5.00,0.33,0.05) (7.00,0.33,0.05)
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Fig. 1 Cloud model of risk index evaluation grade of high stage filling body
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Table 7 Measured values of stability evaluation indexes of filling body in various mines

%%‘ 11 12 13 Il IS 16 17 18 19 110 111 112 113 111 115 116

S1 26.8 1.2 108.86 22 4.21 0.29 0.68 2.32 6000 120 1.89 2.23 4.4 4.6 3.4 6.4
S2 27.8 1.1 178.28 28 3.04 0.30 0.99 2.28 5000 100 1.82 0.56 2.0 4.2 7.2 4.8
S3 26.6 0.6 40.66 20 3.73 0.40 1.06 2.06 4920 105 2.01 0.95 1.8 6.2 4.8 6.8

S4 27.4 0.8 66.09 26 2.06 0.18 0.76 1.72 5000 100 1.97  2.30 6.8 4.4 5.2 3.6
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Table 8 Index weight determined by G1 method

Wl WZ Wl’» WL WB W6 WT WS WF) Wl\) W]l Wl'_) W13 WH WIS Wlﬁ

0.108 9 0.075 0 0.099 0 0.062 5 0.052 1 0.174 2 0.026 7 0.022 2 0.018 5 0.013 2 0.010 2 0.209 0 0.006 1 0.040 0 0.082 5 0.008 5

F 9 Bt CRITIC AT E MIBHRINE
Table 9 Index weight determined by CRITIC method

W W W3 Wy W5 W wo wg Wy W 1o Wi W2 Wiz Wiy Wis Wie

0.005 2 0.062 0 0.132 8 0.039 2 0.057 2 0.067 7 0.052 4 0.025 3 0.020 5 0.018 5 0.012 3 0.151 4 0.172 1 0.047 1 0.078 5 0.057 7

% 10 Bt CRITIC-G1 FAEWE
Table 10 Comprehensiveindex weight determined by CRITIC-G1 method

Wy Wy W W W Wy w; Wy Wy Wi, Wi Wi, Wi Wi, Wis Wis

0.007 10.058 20.164 70.030 70.037 3 0.147 8§ 0.017 5 0.007 1 0.004 8§ 0.003 10.001 6 0.396 30.013 10.023 6 0.081 10.006 1
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Table 11 Assessment results of stability risk level of high stage filling body
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ER R 0.057 0 0.017 9 0.030 8 0.447 5 N v
A KL 0.030 0 0.039 9 0.125 1 0.027 8 11 1l 1l
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