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Abstract

In recent years, the situation of mine safety production has been greatly improved, but the situa-
tion is still severe. There are still a lot of human factors which are the direct causes of coal mine
accidents. Therefore, in order to promote the safety of coal mine production, it is necessary to
further study the human factors in coal mine accidents and analyze the role of human factors in
coal mine accidents. This paper uses the improved HFACS theory and grey correlation analysis
method to make a statistical analysis of the coal mine accident investigation report and finds that
the human factors include 4 first-level analysis indicators: the absence of management organiza-
tion, unsafe leadership behavior, the prerequisite of unsafe behavior and unsafe behavior, and 12
second-level analysis indicators. The grey correlation analysis method is used to analyze the de-
gree of correlation between the human factors of coal mine accidents and to clarify the degree of
closeness between the factors. The analysis results show that the close degree between the four
first-level analysis indexes and the human factors of coal mine accidents is: unsafe behavior, lack
of management organization, unsafe leadership behavior, and the prerequisite of unsafe behavior,
which provides an emphasis basis for the prevention of human factors in coal mine accidents.
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1) g W FI S5 SHF 5.

TEX GE T AT IR ORI E 0 AT I, B e N 2 LW T 4 5 2% 7 4. LU 51 1 AR i Ed
PRI R, —Radh:

X, ={X; (1), X (2), X; (3),-+, X; (n)},i=1,2,3,4,---,m (m NHEFFIKE)

S Fr 8 th N AR B . — BN
Xo = {Xo (1)' Xo (2)’ Xo (3)""' Xo (n)} (n ﬁ%%?ﬁljﬂ’]{%fj‘f)
2) X R AEHR AT R AL B .
FEXSBARHEAT AT s AT AR M BN, S0 7 A 46 SR HERATE , TG 20 Hd HEAT o A
AL . AbFRTTIEN

X, (k)= (k=1,2,--,mi=12,--,m) 6

3) R AL
RICAR BT AXEA LT

_ minmin|X, (k) - X; (K)|+ P Max| X (k) = X; (k)| (=12, i =12, m) .
|Xo (K) = X; (K)|+ P max| X, (k)= X; (K)|
He, p NDHERE, 160, XN EE, —EL0.5,
4) THE R .
Xf H R R B ME, B
f= (k) @

5) KEKEHET .
X SRIBRE A R/INHEAT HEFP » ELBCORIBREE RN, SRR FEBUEBOR, R HLEUT I 5 525 7 IR R T

3. R EMABS SR RRG RS

HFACS & —MH B T MR R RSG TR, B ARYNE B AR AT I RE TS 2 R %,
B N FHTE A 23 03[ 11] o

JREA SN TR AT 5 90 28 R GO RO R o N R R 2R 72 A2 00 Dl 4 A2 IR B ERAH 2K
EARGHVIGAT A NLEAT IR A A AAT . AR SCEE A ST B s~ 7 sl 1 pr
TN HFACS Sk . [12] [13] [14] [15]

R REEHABENREXBKIH

I 5EH A 2015~2020 £E A 31 ECHE SO AR T I AT, R IR BT SR b 5
RAG UGBTI R Gvh, Gt R 1 Fn.
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Figure 1. Improved HFACS model of coal mine
1. JRH HFACS Bitisa

Table 1. 2015~2019 results of human factor analysis of coal mine accidents in Guizhou Province

%% 1.2015~2019 FER N EET EHARRZSHER

ANBEE RS Hrigss HAFK BREFR — R
BR—: EFEHALER X, 10 22 21
BRI X 4 9 13
EHSAER Xip 3 4 6
EEBFEAZIN Xy 3 9 3
BRZ: ARENTFITH X, 14 25 34
BT X 4 9 11
BATTHRIAE 2 Xy, 4 7 10
BT A 1E ] X3 3 6 7
BRI Xog 3 3 6
BR=: NRETRFREZM X, 5 16 9
AR E Xg 2 7 5
BAEZIRES Xa 1 0 1
HIE R Xgs 2 9 3
BRM: RZEITH X, 4 9 10
ZERE Xay 1 3 1
I Xq2 3 6 9
A1t Xo 33 72 74

4. NBERS—REFRZERRE XK

A B AKX BAR AT ICE AL, DR S AR O SR T 85 R I HER 1. TCE AL EESE R
WA 2,

W B HrER, DUEBEABER Xo. N LERGRITHN Xoo DNLETNIMAHRFM Xon A%k
7R X NZHEFH, S FMANE S Xo NS HFH, AT R T

PRAE IR R BT AR, RS Xow Xiv Xov Xav Xoo HHATHEXS ZE I, IR IE 3,
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Hi#e 3 THE A T K
min, min, | X, (k)= X,

W p=05, MR4EREEREIHE A Q)3T EEAN BT 51 5275 5 510 R SRR, AR
LI
Ey = (1.00,0.96,0.61) 3 &g = (1.00,0.57,0.98) 3 Ey = (1.00,0.33,0.45); Eop = (1.00,0.88,0.86)

R ARG THE R E AL X RLEERMFITHN Xoo NREATAMBIIRZM Xoo As
1T Xy SR FHN R S B W K EOCEE N: 1, =0.86; 1,=085; r,=059; r,=091; Xk
FEFUA Ny > Ty > Ty > Ty o JEIE EIRHTRIRN, A2 AT A2 SN A Sl e B, Ko
BB, NERAZEMGFATHN, BIGRALZEATNNTIRGM . EET FHORE RS h &
LB W TP AR AT N T NS E R SRR R, U RSN TEE, 2B HAR
RNRERFE . ZaEHRAL RS SR RS AR, 3N TN 22T AR M,
Hn] e SR A .

(k)| =0, max, max, =|X, (k)= X, (k)|=1.02

Table 2. Results of dimensionless processing
2. TERULEER

ABEER Stz BEARFW BAREFH — I
Bk—: BEHALGE X, 1.00 2.2 2.1
EHI AR Xy 1.00 2.25 3.25
BHHSALBR X, 1.00 1.33 2.00
EI IR Xog 1.00 3.00 1.00
Bik=: NEERSRITHN X, 1.00 1.79 2.43
BB X 1.00 2.25 2.75
BATTHRIAME 2 Xpp 1.00 1.75 2.50
B M IE A Xps 1.00 2.00 2.33
R Xog 1.00 1.00 2.00
BR=: DNRETRNIRES X, 1.00 3.20 1.80
N E Xa 1.00 3.50 2.50
BEF IR Xa 1.00 0.00 1.00
BB Xas 1.00 4.50 1.50
BRI: RNZEFTH X, 1.00 2.25 2.50
ZEFE Xag 1.00 3.00 1.00
R X 1.00 2.00 3.00
At Xo 1.00 2.18 2.42

5. ABEBER—LigtnE ZRiEfRZ BRI & X Bk 54T

NTRFTENBER R — R Abhn 5 “GHRRZ AR, UABRRR —~FIes NS H 5, —Jia8hn N
P A, AT IR EL SRR AT o DA BRI R (X)) N 225 R4, B B AR IR (Xao) « 87 B SCAL R 2R (Xoo)
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BRI (Xoa) LB B o ARPE SRR TS A L, WEHHES KXoy Xus Xion Xigo BATHEXS 22
EiH5, HitESRIE 4.

Table 3. Calculation results of absolute difference of first-level indicator
%< 3. —RIBMRBENEEITELS

“xtE EREHY BREH BAEK
Aoy 0.00 0.02 0.32
Ao 0.00 0.39 0.01
Aoz 0.00 1.02 0.62
Ao 0.00 0.07 0.08

Table 4. Calculation results of absolute difference of secondary index X;
4 ZRIEIR X BT EUTEER

“xtE BERHY BREH BRE#H
A 0.00 0.05 115
Ar 0.00 0.87 0.10
Ars 0.00 0.8 1.10
7 4 TSR TR

min, min, | X, (k)= X; (k)| =0,
max; max, |X, (k)—X; (k)| =1.15

B p=05, RI\EHIBERBITEARQ) D D EEEN LR 5 S5 B 505 N 2B R, HE S
WR:
&, =(1.00,0.92,0.33) ; &, =(1.00,0.40,0.85); &, =(1.00,0.42,0.34)

R ARB), AIHEH VEBRALGREX) NS E R, BN (X)) B R (X) &
B BHRA BN (X)) AZH TP AR KRB EE N : 1, =0.75 5 1, =0.75; 1, =059 ; KEKFHIA: r;>1, =1,
WP BRI, TE L — R ARFRE B SR (X)) NS E R AR BRI (X)) B ESC
BRI (Xpp) s BB BRIRAS B (Xoo) W BT FIIE LT, AR hn i B B IR AN B0 (Xga) 5 — AR bR B B4
YU (X) 2 [ R SR TR P B A K, 1 A B R (X )« B B SO R (K1) 5 FL ORI U 45 74 |
WA HTEE R R R BN ER F O A RS, FRRREF HIE: 2B ARRIA L. ©4
EENAES . XA TEIA TR SIS, &8 TERBEARIN . 22 EHA AR LBHEAN LIS
(LR

FEE R 34745 A LRSI NI NSE R, WEARS X) BITHRIAE H(X0) &A
LY T 1) (Xa) « 3 R0 M B (Xoa) F LB 9 I K E R IR 92 1,y = 0.67 5 1, =0.93 ; 1,, =0.87 ; 1, =0.63;
KIFINA: 1,y >0 > 1 > 1, 0 38T BRI R ATEN, ZQERFRIBATIHRIAE H(X0) 5 — HABhr A %
AIAIURAT R (X) IR 2R TN R, RSB I DM R 1 (Xos) » B 53 0l 2 MR BE AN 7800 (Ko )~ SR B (X2a) o
PE R AR = 1 2 o 8 2 1) 5 A S Rt vk R, R AE SR PR VR A A At IS R IR Rl i T A o
B2 Tt TR R &N T A A B, T NTEE T F gt 2 I 5 it Tk RIS — B, gk
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SEEMIIKE. TMENZAEERANR, FOARER I ZIZITEiE T, B4 T IS 2 44T g
WA REHEAT ST I IE .

FIEEAT AP M DAL RAT NIEHR %M Xs WEFEFFH], NEFIER Xarn BAEERE Xeon IR
R Xes N F KO KIKE N: 1, =0.85; 1, =0.67: r,=080: KEKFIA: r,>r;>r,. AL
EAHTR AL NGRR Xay AL AT AR ATIESA: X RIREEBON RS, HUURI IR R Xey, W52
BAEFOIRE Xago B TN EA L BT NHTHIRFMAIRS, ML 2FRAS. Z2MRAL, XEH
BTN R, DA oo A AR h i X e R A

A2 AT N Xo ASFHFH, Z25E Xars R Xap N ECESF IR B RIHREE A : 1,y =050 1, =0.68
KIKFIIN: 1, >1,0 ALLEHTEERATH: B Xep GALAETH X FRIE ROV R, H IR 24,
Xovo SR AR A AN 22 2247 9 i £ B SR R R B S B VR R . B SR RR PP, b P AR A 22 4
17 R R ECEHHI R A

g b, METHAD T, ASCEEE HFACS Bg 3 H i ity ik i) £ 2 AR 22 447 4 Je %
BERFR, R G RICFAR R N R 3 AT RIREHE T, AMUAT DS 8 AR R R BTG &, ikt
G E N R B0 o Ml SRR, T FLRENE AT RO S HFACS A58 L BE M o0 M S B e B 2T (0 ) i, 76
T IR 5 G L A N DRI R 3 A i O FE s A, DR T e 2 ke 1) BT T 3 i A0 i B
LB NEIA 224247 R i B 16 5 AR L ) H I

6. &

1) RIS AN R 2R 4 D —ZdRbrrf, HORIREERM R 209008 : AT, B4
Ry DNLAEWSFIT A DL NI FAT

2) B SO HFACS BRI (8 G R B 18 XA o 4 5 o i AR R R iR AT Ge vk 434
Bt 1 T NIRRT S leh P i E AR L, A B TN T n™ 22 4 S iR 2 N 3

3) Bt RIHET HFACS BB MUK th o BB 16 B AR BE G BLAF RN S b IO N RIS BEAT GE i 0
HR MR L “JHE R R R A Gk nl, B — 2R

EEWA
5 [ SRRl 3L 4 % B 551 H (No. 51864009 A1 No. 52104079).
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