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Abstract: To accurately identify the key factors influencing the mining safety of underground metal mines and clarify the internal
interaction logic among the influencing factors, an integrated analysis model for factors affecting mine mining safety based on
Grey-DEMATEL-ISM-MICMAC was constructed. Through literature review and case analysis, 17 influencing factors were
screened and identified from five dimensions: personnel, equipment, environment, management and technology. The Grey-
DEMATEL method was employed to quantitatively analyze the importance of each factor. Combined with the ISM method, a
multi-level hierarchical structure model was constructed to reveal the interrelationships among the factors. Finally, the
MICMAC method was used to analyze the attribute characteristics of the factors. The research results indicate that the 17
influencing factors can be divided into 6 levels and 3 types. Employee training and education, safety production management
system, safety hazard identification and rectification, and rationality of mining technology are the core influencing factors of
mine mining safety, possessing characteristics of high driving force and low dependency. The reliability of safety protection

devices, daily equipment renewal and maintenance, environmental hazard source control, working environment conditions, key
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technology application, and technological innovation are direct influencing factors, exhibiting high dependency characteristics.

In response, combined with the actual engineering situation, targeted optimization measures are proposed, guided by the

modernization and practicability of the management system, centered on the comprehensive improvement of personnel quality.,

based on the improvement of the working environment, and supported by the upgrading of technical equipment. The research

results can provide theoretical basis and decision-making reference for enhancing the level of mine safety management.

Key words: Mine mining safety, Grey-DEMATEL-ISM-MICMAC integrated model, Influencing factor analysis,
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Table 1 Influencing factors of mine mining safety
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Table 2 Semantic variables evaluated by experts
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Table 4 Basic information and authority of experts
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Table 5 Direct influence matrix of expert authority

H#E X, X X X X X X7 X X X0 X X X Xu X5 X X1

X, 0.000 0.717 0.950 0.417 0.232 0.232 0.417 0.117 0.117 0.145 0.145 0.078 0.078 0.078 0.150 0.150 0.150

X, 0.417 0.000 0.717 0.717 0.117 0.117 0.117 0.117 0.117 0.145 0.212 0.078 0.078 0.078 0.150 0.150 0.150

X3 0.117 0.417 0.000 0.417 0.765 0.465 0.465 0.484 0.484 0.078 0.078 0.078 0.078 0.078 0.266 0.266 0.266

X4 0.117 0.417 0.417 0.000 0.117 0.117 0.117 0.117 0.117 0.078 0.145 0.011 0.011 0.011 0.050 0.050 0.050

X5 0.147 0.147 0.398 0.098 0.000 0.698 0.698 0.465 0.465 0.098 0.098 0.098 0.098 0.098 0.432 0.432 0.432

X 0.098 0.098 0.398 0.050 0.398 0.000 0.698 0.465 0.465 0.050 0.050 0.050 0.050 0.050 0.132 0.132 0.132

X7 0.098 0.098 0.398 0.050 0.698 0.698 0.000 0.465 0.465 0.050 0.050 0.050 0.050 0.050 0.280 0.280 0.280

Xg 0.184 0.184 0.417 0.117 0.417 0.417 0.417 0.000 0.717 0.117 0.117 0.117 0.117 0.117 0.150 0.150 0.150

Xy 0.184 0.184 0.417 0.117 0.417 0.417 0.417 0.717 0.000 0.117 0.117 0.117 0.117 0.117 0.150 0.150 0.150

X1 0.434 0.734 0.734 0.434 0.434 0.434 0.434 0.434 0.434 0.000 0.734 0.434 0.434 0.734 0.468 0.468 0.468

X1 0.168 0.468 0.468 0.235 0.134 0.134 0.134 0.201 0.201 0.350 0.000 0.350 0.350 0.350 0.168 0.168 0.168

X2 0.134 0.134 0.134 0.134 0.650 0.650 0.650 0.201 0.201 0.134 0.134 0.000 0.134 0.134 0.384 0.384 0.384

X3 0.134 0.134 0.134 0.134 0.350 0.350 0.350 0.650 0.650 0.134 0.134 0.134 0.000 0.650 0.168 0.168 0.168

X1 0.434 0.434 0.434 0.434 0.434 0.434 0.434 0.434 0.434 0.650 0.650 0.650 0.650 0.000 0.468 0.468 0.468

X5 0.117 0.117 0.384 0.084 0.732 0.432 0.432 0.450 0.450 0.084 0.084 0.084 0.084 0.084 0.000 0.684 0.684

X5 0.084 0.084 0.350 0.050 0.432 0.432 0.432 0.150 0.150 0.050 0.050 0.050 0.050 0.050 0.384 0.000 0.684

X7 0.084 0.084 0.350 0.050 0.432 0.432 0.432 0.150 0.150 0.050 0.050 0.050 0.050 0.050 0.684 0.684 0.000

(2) W& H R Z B A B ER . FR MR T, Bk — 25 SR A 2% 48 AR R3804 52 e JBE 9

5 18 30 C5) X T4 e o R AT 5 — Al Ak 2L 45
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Table 6 Calculation results of DEMATEL method

VIES 3 AISESILRG

S R i S0 B HE R B i) B B HE R b B b EHEF JEL IR 3l
X, 1.025 2 9 0.718 5 12 1.743 7 13 0.306 8 Ji B
X, 0.847 6 15 1.048 1 10 1.895 6 12 —0.200 5 HREE
X 1.162 1 6 1.769 9 2 2.932 0 2 —0.607 7 SEREE
X, 0.485 0 17 0.852 5 11 1.337 5 17 —0.367 5 HRHEE
X 1.203 1 4 1.776 0 1 2.979 1 1 —0.572 9 iR
X5 0.830 8 16 1.701 9 4 2.532 6 6 —0.871 1 ZHRHEEK
X7 1.004 9 10 1.737 4 3 2.742 2 3 —0.732'5 R %
X 0.980 6 11 1.484 5 5 2.465 1 7 —0.503 9 2R %
X 0.980 6 12 1.484 5 6 2.465 1 8 —0.503 9 iREER
X0 2.089 9 1 0.541 3 17 2.631 2 4 1.548 5 E RS
X1 1.070 5 8 0.640 5 13 1.711 0 15 0.430 0 JE IR R 2
X1z 1.143 9 7 0.551 6 15 1.695 5 16 0.592 2 ECAESES
X3 1.169 7 5 0.551 6 16 1.721 4 14 0.618 1 J R A 2R
X 2.011 0 2 0.603 6 14 2.614 6 5 1.407 4 JEH P 3
Xi; 1.224 7 3 1.143 2 9 2.368 0 9 0.081 5 J R A &
X1 0.868 1 14 1.217 7 7 2.085 7 11 —0.349 6 ZERH
X7 0.942 8 13 1.217 7 8 2.160 4 10 —0.274 9 SRR
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Fig.2 Causal relationship diagram of influencing factors
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Table 7 Reachability matrix

SES X1 X2 X3 X Xs X X7 Xs X X0 X X2 X3 Xu X5 X 16 X7
X, 1 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0
X 0 1 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0
X3 0 0 1 0 1 1 1 1 1 0 0 0 0 0 0 0 0
X 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0
X5 0 0 0 0 1 1 1 1 1 0 0 0 0 0 0 0 0
X6 0 0 0 0 0 1 1 0 0 0 0 0 0 0 0 0 0
X7 0 0 0 0 1 1 1 0 0 0 0 0 0 0 0 0 0
X3 0 0 0 0 0 0 0 1 1 0 0 0 0 0 0 0 0
Xy 0 0 0 0 0 0 0 1 1 0 0 0 0 0 0 0 0
X0 0 1 1 0 1 1 1 1 1 1 1 0 0 1 1 1 1
X 0 0 1 0 0 0 0 0 0 0 1 0 0 0 0 0 0
X1z 0 0 0 0 1 1 1 0 0 0 0 1 0 0 0 0 0
X3 0 0 0 0 0 0 0 1 1 0 0 0 1 0 0 0 0
X 14 0 1 1 0 1 1 1 1 1 0 1 1 1 1 1 1 1
X5 0 0 0 0 1 1 1 0 0 0 0 0 0 0 1 1 1
X6 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1
X7 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 1
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Table 8 Grading of factors affecting mine mining safety
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Fig.3 Multi-level hierarchical structure of

influencing factors based on ISM model
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Table 9 Driving force values and dependency values of

influencing factors of mine mining safety
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Fig.4 Dependency-driving force coordinate

plot of influencing factors
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