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Analysis of Influencing Factors of Mine Safety and Risk Assessment Model
LU Xuezhuan', ZHU Ming®*, WANG Yajun®®, ZHANG Haiyun®"
(1.Lanzhou Engineering &. Research Institute of Nonferrous Metallurgy Co., Ltd., Lanzhou, Gansu 730099, China;
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Abstract: Aiming at the characteristics of many influencing factors of mine safety production, complex interaction relationship
and fuzzy quantitative evaluation, an influencing factor analysis and risk evaluation model based on DEMATEL-ISM-CM was
established. Firstly, a risk evaluation index system for mine safety was constructed from five dimensions: personnel,
equipment, environment, management and technology. Then, the DEMATEL-ISM method was applied to identify key
influencing factors, the multi-layer hierarchical structure diagram was drawn, and the index weights were calculated according
to the centrality of the influencing factors. Finally, a lead-zinc mine in Hunan Province was selected as a case study to assess its
mine safety risk level. The results show that the key factors affecting mine safety include engineering geological conditions,
safety protection equipment, advanced mining technology, safety production investment and emergency management system,
and the degree of mechanization and intelligent level of equipment are the fundamental causes. Based on the comprehensive
evaluation cloud diagram model, the safety production risk of the mine was classified as low (level IV), which is consistent with
engineering practice and confirms the reliability and applicability of the model. The multi-layer hierarchical structure diagram can clarify
the transmission path of risk factors and provide theoretical guidance for the safety management of mining enterprises.
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Fig.1 Evaluation index system for mine safety production risks



200 g LB R S5 A

2026,46(3)

2 b

2.1 DEMATEL-ISM ;%
DEMATEL-ISM % BRI Rt # an 7
(1) T AL A,

St L FIE T 0~ 4 b EE N LR E L

(i) P R B AR R B SR AT A S S T B AL
(2) AL E WA T,

FIFHAT R e A 1k B A% b A B 2 5 e S B

A SRV WAERE B, RN, iR E ¥

e %6 B T,

E—B"'

] — . —1
T=B~_ — =B(E—B) (1

KPS E b B S

(3) THAEZER IR,

W L5 A LW B T 4247 AR 25 5 43 i)l
o Fo HUH, S 4300 37 16 b DR ZE 10 5% 0 J32 R B 52 T
FEORIG KA PRI R @ 15 e BE S B 5 e B SRR
0 M, AREFEBR B R A o BE 5 65 e B S
W SR 22,10 N, ARRIE R R R . Hor,
L BE RO, R W46 A R A B A PR iR R A
FOCHEA E L X A S AR P2 R e 2 R P
N RIERE P50 R 2 R 2, R 58 ¢ 3L
RS 2 MR N, et ok B R SR
GERRHR AR E i ZHALN R E .,

FE bR 0 BE AT DL R R AR AR 2 AL R R
AL B L, X R A7 03— e Ak B, I 56 1 48 bR
P2 AL

M;

>u,
P w, HIERH R,
(D) THAERIAEZ WA G M A K .,
Fi I 3) T AR AR GHTY
G=T-+E (3
FIABE A R AR AR B G s /R
FERT 452 555 11 6 3R B A2 T LA B B A Ry T 3k 2 5 K
DLtk — 25 T AR 48 A B 2 1 6 RZ R G548, 8 F 4 bt
oL B A .

1, g, =21
K=[k,]= TG =12, ) (D)
Os g,,<)t

KA — IR G RE T e SRR
Z‘,}ﬂ;gu 7\7%&%?@@%@%%§0

(2

w

(5) WEZ 2 Mt .

HR 4 AT IR 5 B K, B 8 AR 4R R (&) L e AT 46
Q(x ) FIL[FEILE C(a ). SRIG . R S Bk 3K
BURFIRARE RN Z NI LT Z 2B a5 E
22 mEH

AR B AR AT LSS B E M S S e
BE Z 18] I R ) e 4 . 2 A AR (1) 5 2 R E — i FH 40
B Ex S En B He R R, M £ DX 42 110 4%
RAFRIE . SR TR RN T,

(1) MEPFNARAE = . WG S 5 5 Gbn e, i
B BT R E

o :Qmax + Qi
2

o Que— Qu (5)
6

He =*F

A Qe Qi 73 AR R IR PARMER LR S
TFRR{E ;& A B, — B 0.1,

(2) THEAE bR = BUFRRAE . BT ) = Bk,
F A5 C6) L 20 I B E 45 46 Bn TR 2 1) = B R AIE
Ex; :lzq:x,-,-

q =

2 1
En; = ffz\xU*Exj\
T g = (6)

He, =./| S; —En? |
S? ZT;Z(I;] —Ex;)’*
X :Ex; En; \He; A j MWK RN = 8T
FRIE 5 q ROARFFVEXS R B, RS 2 DM XS
L AR S RORFFIEX R j e
FEAEAE 7 2% .

(3) HHLGE BFRE, RIEXD IR E
WX R 258G B BUFHRRE

"
§ w;Ex;
o =1
Ex" =—1——
2w,
im1
n
2
E w;iEn;
x _ =1
En" =——— (7
2
2w
i=1
"
2
§ w/‘Hej‘
He =1

n
2w
w
ji=1



X 2 S

A

Ak YR Ao S R R S R[J]. 7 LA RS 4L ,2026,46(3).

201

KX H,Ex" \En” \He” RRLGZEHEWH =M F
FRAE

(D) il =B, BT FERIEMEGE S o
BOFRRAE 8 5 MATLAB 804 5 R F AU, A2 ik

AT I E AT I Al e R S

3 F DEMATEL-ISM-CM 4 4 g w0 1L & 4
VAEy b -1 7S B o TS I W 2 o O ) e M B T i -
A 2,

ELBWEREK
R
v 1
E:‘FﬁnE Wlll E IDEMATEL ISM #4 7
LT 2] MR A ko
R 3% I8
EF LS T T
mERkEE | WHEREE O TTRAEHE
EF AL WETEEE
s ERER
| |
G0 R %G
TE
H2 SAFHERRR

Fig.2 Flow chart of comprehensive evaluation model
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Table 1 Calculation results of comprehensive impact matrix

EERaN Xn X1z X3 X 14 X1 X2 X3 X o4 Xos X3 gg Xs3

X1 0.123 8 0.206 4 0.130 2 0.149 3 0.095 4 0.102 9 0.173 3 0.096 7 0.169 6 0.126 0 0.163 2
X2 0.168 4 0.158 4 0.133 1 0.153 8 0.100 4 0.108 5 0.191 2 0.101 2 0.174 8 0.131 8 0.167 7
X3 0.156 2 0.180 2 0.074 5 0.128 1 0.078 5 0.084 9 0.137 9 0.079 1 0.134 9 0.103 3 0.142 5
X4 0.155 9 0.182 7 0.110 1 0.115 2 0.091 0 0.098 0 0.139 2 0.104 4 0.148 5 0.118 9 0.169 2
X 0.236 4 0.292 8 0.167 5 0.232 4 0.153 3 0.219 1 0.250 4 0.194 8 0.258 4 0.238 8 0.234 3
X2 0.265 3 0.299 9 0.179 1 0.236 0 0.220 0 0.180 2 0.267 9 0.220 5 0.275 4 0.268 6 0.262 9
X3 0.223 4 0.292 2 0.167 0 0.219 5 0.194 6 0.219 5 0.209 8 0.195 0 0.244 6 0.251 6 0.233 7
Xy 0.193 9 0.243 8 0.133 0 0.204 2 0.172 1 0.195 4 0.218 7 0.1319 0.214 5 0.209 7 0.205 5
X5 0.200 7 0.248 9 0.154 5 0.182 7 0.150 5 0.160 9 0.211 2 0.151 0 0.165 8 0.199 8 0.184 1
X 0.262 7 0.309 0 0.190 3 0.258 3 0.202 6 0.216 2 0.276 8 0.203 2 0.258 2 0.209 6 0.247 3
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Table 2 “Four degree” calculation results of index factors based on DEMATEL method
TR AR i) B W) B HE P R ) i B 5% BE HE T Rt rfns BE HER J A i A& JE
X1 3.163 4 18 4,398 5 13 7.561 8 19 —1.235 1 T ATES
X1z 3.279 2 19 5.370 9 1 8.650 1 14 —2.0918 HRHEER
X3 2.627 6 21 3.138 2 21 5.765 7 21 —0.510 6 GEREE
Xy 2.966 9 20 4.300 4 16 7.267 2 20 —1.3335 HRHEE
X 4.972 0 5 3.415 4 11 8.387 3 16 1.556 6 J B #
X 5.377 1 1 3.696 0 18 9.073 1 9 1.681 2 SRR R %
X3 4.954 1 6 4.688 3 7 9.642 4 2 0.265 8 R R &
X 4,223 9 15 3.429 3 20 7.653 3 18 0.794 6 JRR R %
X5 4.040 5 17 4.576 9 8 8.617 4 15 —0.536 4 ZhE LR %
X3 5.297 7 2 4.410 9 12 9.708 6 1 0.886 8 R R 2
X2 4.630 7 7 3.687 5 19 8.318 1 17 0.943 2 JR A %
X33 4.459 9 13 4,199 2 17 8.659 2 13 0.260 7 LR R 2
X 4.598 6 8 4.358 5 14 8.957 1 10 0.240 1 LR R 2
X 4.119 4 16 4.8215 5 8.940 8 11 —0.702 1 HREE
X3 4.531 7 11 4.883 6 4 9.415 3 6 —0.351 9 HRHEE
X 4.580 4 9 4.708 1 6 9.288 5 7 —0.127 7 HREEK
X5 5.143 4 3 4.441 7 10 9.585 1 4 0.701 7 JRHE H %
X s 4.470 1 12 4.969 9 2 9.439 9 5 —0.499 8 HRHEEK
X51 4.243 5 14 4.935 7 3 9.179 2 8 —0.692 2 HRHEE
X5z 5.060 4 4 4.545 8 9 9.606 2 3 0.514 5 JR B
X3 4.576 7 10 4.340 8 15 8.917 5 12 0.235 9 J R R 2
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Table 3 Calculation results of overall impact matrix

e r Xn X1z X3 X X1 X2 X3 X2 X5 X1 g% Xss

Xn 1.123 8 0.206 4 0.130 2 0.149 3 0.095 4 0.102 9 0.173 3 0.096 7 0.169 6 0.126 0 0.163 2
X2 0.168 4 1.158 4 0.133 1 0.153 8 0.100 4 0.108 5 0.191 2 0.101 2 0.174 8 0.131 8 0.167 7
X3 0.156 2 0.180 2 1.074 5 0.128 1 0.078 5 0.084 9 0.137 9 0.079 1 0.134 9 0.103 3 0.142 5
X 14 0.155 9 0.182 7 0.110 1 1.115 2 0.091 0 0.098 0 0.139 2 0.104 4 0.148 5 0.118 9 0.169 2
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EiERy X X2 X3 X1 X X2 X X X5 X1 X53

X1 0.236 4 0.292 8 0.167 5 0.232 4 1.153 3 0.219 1 0.250 4 0.194 8 0.258 4 0.238 8 0.234 3

X2 0.265 3 0.299 9 0.179 1 0.236 0 0.220 0 1.180 2 0.267 9 0.220 5 0.275 4 0.268 6 0.262 9

X3 0.223 4 0.292 2 0.167 0 0.219 5 0.194 6 0.219 5 1.209 8 0.195 0 0.244 6 0.251 6 0.233 7

X 0.193 9 0.243 8 0.133 0 0.204 2 0.172 1 0.195 4 0.218 7 1.131 9 0.214 5 0.209 7 0.205 5
0.200 7 0.248 9 0.154 5 0.182 7 0.150 5 0.160 9 0.211 2 0.151 0 1.165 8 8 0.184 1
0.262 7 0.309 0 0.258 3 0.202 6 0.216 2 0.276 8 0.203 2 0.258 2 6 0.247 3
0.208 3 0.261 2 0.231 8 0.182 1 0.180 0.233 8 0.169 7 0.228 7 9
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Table 4 Hierarchy of index factors
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Table 5 Calculation results of the weight of index factors

3.3.2 T BT ) XU 55 4 O A
ARG A" 1L A2 77 S BR L L KA B A7 AR > s
HEXT A5 F AR IR R BEAT AR . 7 IR A 355 040 X
ZAIR BB R AE SR LR 7
®7T ERTSERREFRZHFHIA
Table 7 Expert scoring and digital characteristics

of index cloud
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Table 6 The risk level of mine safety production and

digital characteristics of standard cloud

X1 73 81 84 77 79 (78.8,3.810,1.638)
X2 78 84 89 93 86  (86.0,5.013,2.523)
X3 82 87 84 89 92  (86.8,3.810,1.088)
Xu 83 87 92 89 93 (88.8,3.810,1.297)
X 94 93 89 92 88  (91.2,2.707,0.793)
X2 87 89 87 94 84  (88.2,3.309,1.659)
X3 83 81 89 87 89  (85.8,3.810,1.147)
X2 89 93 87 92 95  (91.2,3.208,0.307)
X5 78 75 83 79 73 (77.6,3.610,1.331)
X3 76 82 85 78 84  (81.0,4.011,1.024)
X3 83 89 87 92 93  (88.8,3.810,1.297)
X33 77 73 72 75 73 (74.0,2.005,0.146)
Xn 74 77 83 79 82 (79.0,3.509,1.089)
X2 75 72 79 74 78  (75.6,2.908,0.393)

X3 83 81 78 88 86
X 85 83 87 82 88

(83.2,3.810,1.088)
(85.0,2.507,0.466)

X 74 79 73 76 74 (75.2,2.306,0.618)
X6 86 83 78 89 92 (85.6,5.114,1.775)
X1 79 78 78 83 82 (80.0,2.507,0.885)
X2 83 86 84 78 85  (83.2,2.707,1.540)
X3 82 85 89 84 78  (83.6,3.610,1.809)
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B R CTT 90 [60, 70) (65.0, 1.667, 0.01)
LN SAQIES) [70, 80) (75.0. 1.667. 0.01)
BARARE CIV 20 [80, 90) (85.0, 1.667, 0.01)
IR CV 40 [90, 100] (95.0, 1.667, 0.01)
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Fig.4 Evaluation comprehensive cloud chart
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