H34E T hoE o 2 B %R Vol.34 Supp.1
20246 H China  Safety Science Journal Jun. 2 0 2 4

B3I AR L XN, XIS, JE T Grey-DEMATEL (807 B B OCSE R R ST [ J]. b [E %2 A B4 22 41, 2024, 34 (35 1) .
39-45.

5| F#&3K: WANG Zhanbao, LIU Xiaojie, LIU Peng. Research on key factors of hidden dangers in coal mines based on Grey-DEMATEL[J].
China Safety Science Journal, 2024, 34(S1) :39-45.

E T Grey-DEMATEL H)/ET R ECERZH R

EEE, AR, X M
(1 BERBRFZEEEHAR K %:%H AR I ZE, dbas 1000115
2 WA RBERARTEANT BERABFERET, AF+H /R L H 010300)

TEHES X936 SRR SIS : A DOI; 10. 16265/ j.cnki.issn1003-3033.2024.S1.0020
(# E] I ABBRDIPET EHWAAE RBELE LG RECERSAKRERE NN E
(Grey DEMATEL) , % 4t 2 #7971 N/@9’79%%%@%,Lﬁ%%ﬁi)‘%g)’gﬁ(#{%’%ﬁfﬁﬁéXﬁﬁi L
ENEENET REBTEZR, %F%%;‘LFUH@?%U%%W%#@% MBI, s A
Grey-DEMATELﬁ&’E%/%ﬁF% BEE, R ENEREEEMmE %@% @Hﬂ FREW.EEHE
B ERH u%é’mﬂﬁf&ﬂfu&IAﬁEVHkE%EM%ErF% EWEERARNZ MREFREZL
kA E FRIE R A A B, B 5 N K &I, %K H 8 Grey-DEMATEL 4 A ] 3¢ % 1% 45 4%
A RETHNRZ, B AR RENRAmEERET HERNER
[RgiR] My RA;, ReEih;, AXELRELNEA(DEMATEL); Xx#HEX; RAEFHE

Research on key factors of hidden dangers in coal mines based on Grey-DEMATEL
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(1 Safety and Environmental Protection Supervision Department, China Energy Investment,
Beijing 100011, China; 2 Heidaigou Open-Pit Coal Mine, Shenhua Junger Energy Co., Lid.,
Ordos Inner Mongolia 010300, China)

Abstract; To effectively reduce the occurrence of coal mine accidents, a systematic analysis of key
factors contributing to hidden dangers in coal mines was made by integrating grey theory with the decision-
making trial and evaluation laboratory ( Grey-DEMATEL) approach. By collecting extensive data on coal
mine accidents and relevant literature, an indicator system encompassing multiple dimensions of hidden
dangers in coal mines was established. Based on actual surveys and expert evaluations, 13 hidden danger
indicators were constructed. The Grey-DEMATEL approach was then employed for quantitative analysis of
these hidden danger factors, enabling the identification of causal and resultant factors associated with
hidden dangers. The research findings indicate that the primary causal factors leading to hidden dangers in
coal mines include inaccurate information transmission, overdue equipment maintenance, and workers’
violations of safety protocols. The resultant factors of hidden dangers comprise equipment failures,
environmental issues, and management deficiencies. By introducing grey theory, the improved Grey-
DEMATEL model can mitigate the bias in weight calculations commonly found in traditional models,

providing more accurate results for the identification and management of hidden dangers in coal mines.
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Fig.1 Grey-DEMATEL model flow chart
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Table 1 Semantic variables by expert evaluation
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Table 2 Semantic variables of weight
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Table 3 Questionnaire weights
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Table 4 Interaction matrix
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Table 5 Results of centrality and causation of 151
hidden dangers 10 So o5
EIELD D C M R o5k S
S, 3.068 3.262 6.330 -0. 194 ’% 00 s, s o
Vr L S_ S
S, 3.114 3. 044 6.158 0.070 2 RSN
S, 3.266 3.213 6.479 0.052 05 o s, ° "
S, 3.959 3. 820 7.779 0.138 -10} ¢
S, 2.935 3.143 6.078 -0. 207 sk
S, 2.204 2.775 4. 980 -0.570 s , i . . .
S, 2. 666 2. 881 5.547 ~0.215 ! O o ’
Sq 3. 962 2.959 6.922 1.002
S, 2.911 2.452 5.36 0. 458 B2 RERRERXR
S 3322 2 493 5815 0. 829 Fig.2 Causality of hidden factors
S } ) ) -0.
R e e B FEPE 2 TP T R R L S A7
Si 2.603 2.634 5.238 -0.030 PEAS AT 2 18] ) 5 28 FURH B 520, 860 52 6 AT 6% R R




WL

F 5%, 5T Grey-DEMATEL M40 [ 8 SCHE R ZWF5% <43 -

LN

R B A R 2R 1 D DR 0 v B X B AR A A T 40
25, JRHEERT 0 MEFENFEREE, RReiix it
b PRI 227 A R A AE I S0 5 10 R EE /N T 0 YRR
MR ZE SRR R | FR eI At R 28 7= A JE 21 7 )
SO, AR 2 T AR i A T R R R 32 R
R Z I FR i EE R R R Mg RHE,
TR IBORH 7 e it A el RSB A Sl 9 A
2.2 FREREZRESH

WX 5 FE 2 45 Rt WA T LRI, T
SR B A SRR RN BI/INHE I R 2 S
S80S 0S5 S50 Horb A5 BN HERA 2 2 A
HZE, B HHEE IS L 2 EMARSE, HTme T
ik B AR LRI R A5 . AR, 3% 4 R 5 AT e AT
FERCR RN SER IS O, 2 B0E 2 fF B0k )
BB A% 25 25 7 T, DT 184 o = 8 g RS, i L
WFRAE D Z RS W K AR R
S P BO A R EAE 5 B, X AT T[]
ot 55 b T o0 22 8] )3 15 A2 BB, 52 A
LT W5 B AL AP, R RS A R,
HBZ N 2 0 R AT LA R AR LA O4E b
THRIASTE 43, B 48 B2 1T BB I A ElE o7 78 o I e 4
TR AR REE R B i &%, @& MATIA
AT BEAFEAE WE A AN T R IROR A Tn] i, 3K
TC KB RRE 18 T AR, Qb= gHEH AR
R T AR AT R B = 0 B B 4RI R RN
W IEA RO T R S AP RS, @T AR
S e e S PN ooyl P N ¥
TAEN G AT R 32 R & 2350 AR T &
SRR RURE R B 0 B AR AR R . QI
P2 AT RE A N7 ™ R A B ] A R LA, R
REA R B R B RAT o . @B I R iy TR
B R JIR R TAE NGO T 1 @ s sl e i T
F5 i R %R

B2 BRSO, | N B A ok
FEAHEN B A A R TGRS N E
TR DA I i 2 A R R e Y RT SE E R R
HEST FEAT A AE R RIN B & MR,
PEAETEA (1) 28 4 15 U RV 37 7™ A5 1) 4 2 o1 3 ok 52

IR, [RIES 45 B T B i W RS R w1
N TR R B R i TR A T 3P R e R
2.3 #REESW

SRR R /NHEF H:S,5.8,.55. 5.
Se S0 FPXTERER A SER K FR 7 2 R R B
FR25 SR AT s TR DAY/ e s 1 A
WOE S, 2R L RO KA R R AT [ ) A8
YERILAEE AT 55
2.4 HZERWMERSW

MG 5 AL RRTEE G5 R AT HEY .
ELRTEARAL G R 0 B 5% i BE A e 2L T
e HE s BE DA ey BT PRV 28 R T HE I, AR 2 EAT
FEREARSE ) v (9 EE A

rhC B i i PR 2R 7R A A PR R OG 2 rp i SR
RS20 7 AR/ AR TP s BE S i 4T 45 5 1 TR
RITHET Ui e AT BRI R R P i 2L
FREE . HEP A RR] AR RO R 2R A
AR REEM R R,

5 LR Hr el LA B RHEA SRR
IR 28, 20T BBt | DR o s A 2 PRI R IR XL
B R HA N Z AR (AR YRR AT PR A1
BUT BOZAE TORS 7 A BEHE SERTI N 2R DA KRR
JEE Mk /D v A R

3 & it

1) MR SEBR AT AN L IR £ 13 A~ HOR
R A FE by, I8 Grey-DEMATEL J7 5 i
70T A5 BT B R A 6 NSRRI 2 (S¢S0,
S4 \Sz \53 ) ﬂ] 7 4\25%%%(513 \Sl \Ss \SI2 \Sﬁ \Su ) o

2) ERERE AR EE R P E B E
By LA LR R B AR TN (5 B A b 2 Ak 72
(1 AP R &R IR T A YA
PRI I 48 S (5 AR s i & it
Higp SR IR T 5 13

3) A AL S5 DEMATEL 43 87 5 25, oedk iy
Grey-DEMATEL #ERI5| A T K 05024 B35 | bt T
A G R AU T 190 O 22 , 1T LA 4R L O 3 A 4
T A 255, 45 B SR (IR A i DUk S

2 % X #

(1] LI Zhongbei, REN Ting, LI Xiangchun, et al. Multi-scale pore fractal characteristics of differently ranked coal and its

impact on gas adsorption[ J]. International Journal of Mining Science and Technology, 2023,33(4) .389-401.



hoE e B o e $34%

[16]

<44 - China Safety Science Journal 20244F

(2] ZHE,KHE, 2R F FERABMSHEINRRIEMATR]].PEN AR5 ,2021,50(3) . 570-578.
LI Xiangchun, ZHANG Qi, AN Zhenxing, et al. Experimental study of influencing factors of electrical parameters of
different kinds of coal mass[ J]. Journal of China University of Mining & Technology,2021,50(3) :570~578.

(3] =HE, DN, B0M,S5. B 2hERTHRIMWAREEL)]. R 2%,2020, 51(6) :246-250.
LI Xiangchun, GUO Fanfan, NIE Baisheng, et al. Current status and prospect of coal mine safety supervision and
inspection[ J]. Safety in Coal Mines, 2020, 51(6) : 246-250.

(4] K&, BUE. 2005—2019 FHEERT EARU EBWRFT DT REEETNRARLI] R LZE,2021,
52(12) :261-264.
ZHANG Junwen, YANG Hongxia. Statistical analysis of major and above accidents in coal mines in China from 2005 to
2019 and study on countermeasures for safe production[ J]. Safety in Coal Mines, 2021, 52(12) ; 261-264.

(5] KK EFNNOTEET RENSOMHEAFR)]JET 2% ,2017,48(2) :230-233.
ZHANG Changlu. Study on temporal and spatial distribution characters of coal mine hidden troubles based on
correspondence analysis[ J]. Safety in Coal Mines, 2017, 48(2) . 230-233.

(6] BER,GERK ETERAMNBSOMONRYT ZEREBEBRHARI]. TV B5Ik,2019,45(6) :86-90, 108.
TAN Zhanglu, CHEN Xiaoci. Research on coal mine safety hidden danger management based on complex network
analysis[ J]. Journal of Mine Automation, 2019, 45(6) : 86-90,108.

(7] @0 %, 58 B 22EBXEIENATRI]. T S5Dik,2019,45(8) :48-53,59.
HE Qiao, XU Jin, CHEN Qing. Research on risk assessment of coal mine safety hidden dangers[ J]. Journal of Mine
Automation, 2019, 45(8) . 48-53,59.

(8] oKXk, £ORQITR,F BEFAMOEYN SEREINRAFBASNEL) ] R L%,2018,49(5) :239-241,245.
ZHANG Baolong, WANG Xianggian, HE Yerong, et al. Construction of safety hazard identification and investigation
system of coal mine based on ontology[ JJ. Safety in Coal Mines, 2018, 49(5) : 239-241,245.

(9] RBHE,&Z&H, MR,%E EF20H DEMATEL-ISM BY27it L Z XM ZIRR D)) TIEBIEZIR, 2023,
37(1) :141-146.
FENG Shichang, QI Chunming, BU Bo, et al. Analysis on influencing factors of construction safety risk based on
improved DEMATEL-ISM[ J]. Journal of Engineering Management, 2023, 37(1) . 141-146.

[10] ESESY KPR MEB LEERESHUARENPHNASHRL)] M TLLESIIR,2022,35(42) :6-11.

(11] LI Xiangchun, SHI Yaoyu, ZENG Jianhua, et al. Evolutionary model and experimental validation of gas-bearing coal
permeability under negative pressure conditions[ J]. ACS Omega, 2023, 8(17): 15 708—15 720.

[12] BN, K/, Z74,5. Bmt TRSEEERERBRRRAZ O[] PELZERIFZIR,2023,33(12)
140-147.
XIANG Pengcheng, ZHANG Ziwei, LI Hui, et al. Systemalic analysis on causative factors of gas pipelines leakage
accidents in urban underground[ JJ.China Safety Science Joumal ,2023,33(12) .:140-147

[13] KARUPPIAH K, SANKARANARAYANAN B, ALI SM. Modeling impacts of COVID-19 in supply chain activities: a
grey-DEMATEL approach[ J]. Sustainability, 2022, 14(21) . 14 141.

(14]) SPEBOEL, SRR BT DEMATEL-ISM-MICMAC 898 RHTEVERIRIARL 1] W Z £ SR, 2023,
50(2) :114-119.
GUO Huimin, CHENG Lianhua, LI Shugang. Research on causal factors of coal mine gas explosion based on DEMATEL-
ISM-MICMAC[ JJ. Mining Safety & Environmental Protection, 2023, 50(2): 114-119.

[15] REFPHE, Bk T DEMATEL-ISM (IS RABIEIXREZ L FIIRRINRL ] BRI AR L2 SiE

£,2010,10(5) ; 130-136.

WU Biao, XU Hongguo, DAI Tongyan. Identifying safety factors on expressway work zone based on DEMATEL and
ISM[ J]. Journal of Transportation Systems Engineering and Information Technology, 2010, 10(5) . 130-136.

ik, &%, £8H, 5. EF DEMATEL-ISM SVMRSHEIRIBSS T KB IWREYHRI]. PRI A S



WL

F 5%, 5T Grey-DEMATEL M40 [ 8 SCHE R ZWF5% 45 -

[17]

(18]

[19]

(20]

[21]

EE B

33,2024 ,44(3) . 136-148.

PANG Yan, DENG Qiyuan, WANG Zhongwei, et al. Identifcation of key infuencing factors of forest fruit cold chain
logistics vulnerability based on DEMATEL-ISM[ J].Journal of Central South University of Forestry & Technology, 2024,
44(3) :136-148.

B, XA RIS, 5. BT DEMATEL A ISM VR T AZETARMRRER[J]. TATRESEEFIR,
2017,34(6) : 126-132. DOI . 10. 14067/j.cnki. 1673-923x. 2024. 03. 014.

ZHOU Wei, ZHAO Tingsheng, XU Shuming, et al. Model of influence factors for worker safety behavior based on
DEMATEL and ISM[J7. Journal of Civil Engineering and Management, 2017, 34(6) . 126—132.
BRI, K0, KR 7R, 55 EF DEMATEL-ISM 89N SHIM IR RHR[J].RES,2021,36(1) . 1-6,17.
CHEN Weigong, ZHANG Na, ZHANG, Yousen, et al. Study on influencing factors of urban disaster resilience based on
DEMATEL-ISM[ JJ. Journal of Catastrophology, 2021, 36(1). 1-6,17.

BRESGE, 84,5 THALE2-4"BELETRYI Z2BEBPONALI] ERFR,2013,38(7) .
1123-1 129.

FU Gui, YIN Wentao, DONG Jiye, et al. Behavior-based accident causation: the "2-4” model and its safety implications
in coal mines[ J]. Journal of China Coal Society, 2013, 38(7): 1 123—1 129.

WZE ALHE, KR BREENER TARLZ 2T ANZANEBESERRI). PELZEETRZRA,
2017,13(11) . 11-16.

CHENG Jialei, QI Shenjun, ZHANG Yunbo. Influence mechanism and empirical study of organizational climate on unsafe
behavior of construction workers[ J]. Journal of Safety Science and Technology, 2017, 13(11) . 11-16.
BICL,2P2, T8, 5. BT DEMATEL-ISM-ANP 8VIEIZE Z 2SN [1]). PEZER22IR,
2022,32(6) :171-177.

HUANG Yajiang, LI Shuquan, LI Yixin, et al. Comprehensive evaluation on subway operation safety resilience based on

DEMATEL-ISM-ANP[ J]. China Safety Science Journal, 2022, 32(6) . 171-177.

EEE (1990—), B a0 THUMN O, AR, RN, 322 AR 22 4 48 15 T 1 AR

E-mail ;503138294@ qq.com,



