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Research and Application of Safety Comprehensive Evaluation for Metal and
Non-Metal Underground Mines Based on Experience and Knowledge of Experts
JIANG Ying'**, DAI Jun'?**, LIAO Wenjing"**, LYU Xu"
(1.Changsha Institute of Mining Research Co., Ltd., Changsha, Hunan 410012, China;
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Abstract: Based on the experiential knowledge of mine safety experts, a multi-level safety comprehensive evaluation index
system and evaluation model for underground mines were established from 8 aspects, including the “three synchronizations”
procedure for safety facilities, safety production organization guarantee, safety education and training, dual prevention
mechanism, production system safety guarantee, hazardous materials and hazardous operation management, emergency
management, and outsourced project management. The analytic hierarchy process (AHP) was adopted to calculate the weight
of each index, and a safety comprehensive evaluation set was established to determine the comprehensive safety evaluation
results of metal and non-metal mines. Practical application demonstrates that a certain underground metal mine in Hengyang
has achieved a comprehensive safety evaluation score of 73.1, which is classified as “Medium”. Among the evaluation aspects.,
the mine has obtained relatively low scoring rates in hazardous materials and hazardous operation management, production
system safety guarantee, as well as emergency management and outsourced project management. The established
comprehensive safety evaluation results are basically consistent with the actual situation of the mine, and can effectively
improve the scientificity and practicality of the safety comprehensive evaluation for underground metal and non-metal mines.
The evaluation process not only helps enterprises identify weak links in safety production, but also provides a theoretical basis
for further consolidating the safety foundation. strengthening safety management, and enhancing the safety level.

Key words: Safety comprehensive evaluation, Analytic hierarchy process, Expert experience, Index weight

* WeFs HHA:2024-10-30
TEHE B HBL1988—) , 2, W Ak M N L A0, G TR, RS 5% 7 g M B I Il 22 2 B, E-mail: 332613864 (@qq.com
BEMEE BECRA983—), B I EEHD A+, SR TR, 2N F ARG 1% 2B AR A TAE. E-mail:65323569@qq.com



X

B FATEREB RN BEL B THF WEABARNAMALE R AL]F AR5 4 ,2025,45(12). 163

&

0 5l

AR B K Gt Jm ge i s . 2012 4 & 2023 4F
[B), & TA B R Al st A B 10 5N R e
HEAET N 1,64 AFER 1.244 A2, 28 4 1 7R HE 34
SR, ARk, BEAmEREANEEAES B 1L
Gh R R T AR Yk B — R A48 5 5 LA
ZEH AL AR AR 1L A A U HE SR L A R T
£ N TR R A N o A N T A7 G A B = S N
TR FER LIRSS T IR E L 4
AR UAEC BRI, B E TKRIE S
T EBRACE 0 R 1. (H R, H TR E R E 4 M X 4
JEAE A B 1L 2 N AL 25T R A AR AR
AR A 1L 2 A A 7R AT AR Ak T 3 A 3R ) O
W, I E S5 YE RGN X B R E P 2
DN 7 Y AR WS A5 1R N R | TR G 5 A S T LV B il
LRV AT BT DU B LU A A A R L 4
AT 4 418 28 4 A 7 S B R 400 R 9 55 B YT, B A A Bl
TR T, WA 22 4 A 7 AR S, X E T I 2 A
77 HAR LR R S AT A WA T A )
1 A o AR R

FREG O AR LI, Rk & T8 1
YR R RG VLA N TEN iR 2 R
BT SR PEAN 3 BT, A0 A R AR T 2 I
W& FE WA, B2 T 2 4 A 7 KU TE A
12 KA EZREMEER 78 > 9 fetn, X T A
WAL TOPSIS 3 g 37 M0 22 4 7= PP R, 28 51
B IE 5 52 PR SUAR AT R T A R XIR B
SR A s R R R A R A B 2
B GV B 2 5 M e A Ml 2 4 I A A SR 10 A4S
FEH R R , iz B 25 6 08 2 Jr 12 347 25
B VP VR 25 A R T R A B R R A L
FERFRE . AR BRI AR A b 5 858 AU L N 5 i
DA 38 45 A AU 8 445 B RIS # o T e £l
AT KRS PEAN 48 bR A R L 5 T A IR 1
THEMZE AN, SJEAES R 1Ly, =
PR - - R4 BRI F AT R A
#T EAESET LK ITEM BRI R, TR K
A3 AT RE A5 H AT B ACEE , O SR PSR B ok g r
TaEAE S B Al B 25 G IR MR, B
SEUIA R R 4 TR AT LU Y 22 4 n) Az B TN B

gaill®

PLER B TAE IR 2 448 B A5 22 DA 38 3L W]/ T Y
S IR 4 AR KOS R B HOR AR K
R FRARBL B B AR B PR WS R A E
AR VEEEIR EeEE EeRHEE 20 M THE
AL T B ZE S IR R R IR AE LB AT LA T BT
T80 12 A8 BT AR,

456 LA SCHR A BIF 58 UR S A WFSEAR I (22 2 A
FEECET 5 AR ) R AR a1 2 AR ) A
AH G IE FUAR ME 38 2ok S M R A L T RO Ak (FEiH
W) A5 7 2 IR T 1L 22 4 A RZE IR O3 #
# (Analytic Hierarchy Process, AHP)# & 48 #5157
EARE @ SRR SR N 7 RS
PEM AL, PIAT ML % 22 Ll 22 56 VR LA =
AN FRRE 2 M R S A

1 BY42EFLEHTT LZL2EEIFN
T8 A7 1 R

1.1 iEtRiEFEEM

) AR 4 Jm A L JE R R A LA D e XU
FHHOFUR B BT, F 80k A 1 32 R A R A DL id
PUARAE 5 BN e 4 AR A PR A 8 2 5 L ) ) 3
FeAiolb A B ) B AN 58 3 L A1 #8058 82 45 At X
R TR bR R T B8 BRI R R AR
e — M BOEAE B E e R Gk L AT R L AT R A
SE VRSS2 B AR SR b B N R 4 1R AR
0 8 R A B 2 1 L BE A B e B WS B 5 28 e bk S U
JEAR A R IR RN AFAE T — D RS — AR ]
P A 1R 45 5 R i DR 48 4% I 18 AR A (L RE7E 25
L5110 T S S € | B o Y B
L.
1.2 2RFEEHTH LREEEITFNERER

AR SCEE A LAAE SCHR A T 508 R S AR Al 22 42 2R 7™
O I 2O R AE & R L2 4 R ) S5 A
SRR 38 Ao S PR BIF | & SR A i (R i
BT BN L 2B = RN F 2 A
BUREE 2 A HCE J OB TR BL A 7 R
AR B NS B FE RS ) i K S I A Ml A B S AR
TREMETH.EL T ZRRERIEREH T
22 A 25 A AR bR AR R I 1 B (& BT R 4E
B RN YRR TR SRR AR D L o —
PARPR 8 T, “HARAR 78 T, —HARAR 147 T,



164 g ¥R L5 F A 2025,45(12)
| ﬁE#ﬁEﬂ?WMtéauﬁﬁ?ﬁwg ]
[ I [ [ \ I
BERM “=|| REERE ZE E EFERGE ) %
el AR | [FENT] AR ‘ 220k | [BEORE |meen]
wmms | EEEFEE Lemamn [ TFOH [ PREE gy | RRIERE AR
s % = 5 .| AR B G ok
ZLEF BT sommy | EERBR [EFAR f e [BARED || REEM
FREFIFN | gpm t| R R HE25E ) ;
BLEH | panmmna L | IE RS T
1&7"} REEFRAR ?&"_}Zé J”,& 4%&% = ;:F%E%éf: R EE R ARIEEE R
L X‘Elﬁﬂ‘ #QQ‘ZF EE*JH’J I:j n;ﬁﬁ %%%% @Kjﬁg$ r WMH%IE T%/ﬁ A
s ) » X] Z A % i
- T TEN e (mem) | FTRBRS L
s ZEEBAR i ZERN ?ﬁiﬁv‘# S 1 A £
| eaime [EMEETRE |5 2 ?ﬁhﬁﬁ*?% MEESIR | REAs
RERE . spmuy | TRRE |G SAELEE | | AR HE
i RHF-K i ,4*% @ﬁmééﬁ .
= ( Bt SR AR G EE
it CEURAAR | W Sa% | SapE | KRS {3 EH g R
“= R MR ARE [ REERK ) TAST
R " - AR EEYLH s, 4 {ﬁmﬁhﬁﬁf A, B, - REETRAE - AR A
gngere HEES  [mps ®ﬁ . kB L apmnme | R
;c’-}&“‘IEﬁ%IJE %ﬂlliﬁﬂ Fﬁ}(k%@ = Al L %%ﬁggﬁ %%gﬂ
g e i} - — éﬁl{b e X ! 5.
ZEWARFEAR i %é?gﬁ #,\j(g%' - A R A AR | EMEAGH BE
TS N HASR g e .
KRR LS (RS @
L > I,—-—- i i/
EEEIREER ?;*é?kE]fEE
- TR
BEEFFERRE
E 1 BB TH LLZLE/TFNERER(ZR)
Fig.1 Indicator system of safety comprehensive evaluation of metal and non-metal underground mines (second-level)
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Table 1 Calculation results of the weights of first-level indicators
LR W, W, W w, Ws W \£ Wy C+R
LxR1 0.05 0.19 0.09 0.16 0.06 0.36 0.04 0.05 0.019
LR 2 0.20 0.20 0.10 0.07 0.11 0.16 0.05 0.10 0.056
LxK3 0.11 0.22 0.08 0.24 0.06 0.23 0.03 0.05 0.091
LR A 0.23 0.23 0.10 0.06 0.11 0.18 0.05 0.05 0.026
LERS 0.29 0.15 0.05 0.07 0.05 0.28 0.03 0.06 0.019
LxR6 0.19 0.18 0.10 0.03 0.06 0.19 0.19 0.06 0.012
LT 0.17 0.20 0.12 0.09 0.05 0.29 0.04 0.04 0.036
LK S 0.10 0.30 0.04 0.02 0.15 0.33 0.03 0.04 0.092
LER9 0.36 0.16 0.03 0.07 0.07 0.19 0.07 0.04 0.050
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TR W, W W, W, W Ws w; Wy C+*R
LR 10 0.26 0.11 0.14 0.05 0.06 0.20 0.10 0.08 0.095
LR 11 0.17 0.29 0.09 0.09 0.05 0.24 0.04 0.02 0.059
LR 12 0.06 0.18 0.10 0.06 0.03 0.50 0.03 0.03 0.053
5% 13 0.24 0.13 0.10 0.10 0.05 0.21 0.10 0.08 0.050
LR 14 0.30 0.17 0.09 0.14 0.09 0.03 0.10 0.10 0.007
LR 15 0.29 0.15 0.05 0.07 0.05 0.28 0.03 0.06 0.019
R 16 0.04 0.24 0.11 0.22 0.07 0.26 0.02 0.02 0.069
LR 17 0.05 0.21 0.12 0.19 0.08 0.21 0.08 0.07 0.076
518 0.06 0.07 0.13 0.17 0.19 0.05 0.19 0.15 0.057
LR 19 0.28 0.15 0.09 0.11 0.06 0.23 0.04 0.04 0.059
LR 20 0.18 0.20 0.08 0.12 0.03 0.32 0.03 0.03 0.039
5% 21 0.09 0.18 0.07 0.18 0.03 0.39 0.03 0.04 0.049
LR 22 0.26 0.17 0.05 0.13 0.03 0.29 0.03 0.03 0.054
LR 23 0.28 0.17 0.05 0.13 0.03 0.28 0.02 0.03 0.050
LR 24 0.09 0.14 0.08 0.22 0.04 0.37 0.02 0.03 0.083
LR 25 0.09 0.15 0.08 0.22 0.04 0.38 0.02 0.03 0.077
15K 26 0.19 0.18 0.06 0.20 0.03 0.26 0.03 0.05 0.032
LR 27 0.27 0.18 0.06 0.15 0.04 0.26 0.03 0.03 0.050
LR 28 0.11 0.12 0.06 0.23 0.04 0.39 0.02 0.03 0.056
L5 29 0.09 0.15 0.06 0.25 0.03 0.35 0.02 0.04 0.095
LR 30 0.22 0.19 0.06 0.17 0.04 0.25 0.03 0.03 0.049
LR 31 0.20 0.18 0.06 0.20 0.03 0.25 0.03 0.05 0.029
LR 32 0.17 0.24 0.05 0.18 0.03 0.25 0.02 0.05 0.047
K 33 0.14 0.21 0.05 0.16 0.03 0.34 0.03 0.06 0.034
LR 34 0.19 0.18 0.06 0.21 0.03 0.27 0.02 0.05 0.049
LR 35 0.12 0.25 0.06 0.14 0.02 0.36 0.02 0.03 0.071
LR 36 0.05 0.19 0.09 0.16 0.06 0.36 0.04 0.05 0.019

AL W, 0.18 0.19 0.08 0.13 0.06 0.26 0.05 0.05
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Table 2 Standard scores of first-level indicators
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Table 3 Safety comprehensive evaluation set
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Table 4 The cases directly judged as“poor”
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Table 5 Safety comprehensive evaluation results of a metal underground mine in Hengyang based on the weights of first-level indicators
— IR D; D; F; W, AL AR 43
AV = A AR 60 60 0 0.18 10.80
e R SR B 105 87 0 0.19 16.53
G F R 70 60 0 0.08 4.80
XUEE T B L 65 57 0 0.13 7.41
i 8 ) it K e 6 A A 50 32 6 0.06 2.18
ARG A R 550 291 143 0.26 102.23
N 2 B 50 34 0 0.05 1.70
A TR B 50 32 0 0.05 1.60
BT AR 43 V3 — AT R B 25 4 CE A3 D 73.10
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