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Research on the Blasting Safety Evaluation Model and its Application in Open-Pit Mine Based on
Combination Weighting and Interval Approximation Method
LIU Yanbin'*, GE Juhua®, FEI Hangiang®
(1.The Prevention and Control Center for the Geological Disaster of Henan Geological Bureau, Zhengzhou, Henan 450012, China;
2.Henan Engineering Research Center of Mineral Processing and Microbe Mineral Processing, Zhengzhou, Henan 450012, China;
3.Changsha Institute of Mining Research Co., Ltd., Changsha, Hunan 410012, China)

Abstract : Aiming at the difficulty of quantitative calculation of qualitative evaluation index of blasting safety in open-pit mine, a blasting
safety evaluation model of open-pit mine based on combination weighting and interval approximation method was proposed to improve
the accuracy of the evaluation results. Firstly, combined with the actual blasting engineering, 15 influencing factors were selected to
construct a safety evaluation indicator system of open-pit mine blasting. Secondly, based on the idea of combination weighting, the
subjective and objective weights calculated by the order relation analysis method (Gl method) and the improved indicator correlation
weight determination method (improved CRITIC method) were coupled to obtain the comprehensive weight of the indicators. Then,
based on the principle of interval approximation, the number of evaluation intervals of the indicators was determined, and the blasting
safety level was comprehensively judged by calculating the deviation distance of a single indicator and the comprehensive deviation
distance. Finally, taking 5 open-pit mine blasting cases in Hunan Province as the research object, the combination weighting and
interval approximation method model was applied for comprehensive analysis. The results indicate that the blasting safety level of all
five mines are “relatively safe”, and the evaluation results are in line with the actual situation, verifying the applicability of the model in
the blasting safety evaluation of open-pit mines.

Key words: Open-pit mine, Blasting safety evaluation, Interval approximation method, Combination weighting method, G1
method, Improved CRITIC method
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Fig.2 Implementation process of the evaluation model
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Table 1 Interval numbers of blasting safety index

for 5 open-pit mines

Eisg Ky #Ti K, #Tih Ky # i Ky 5Tl K
Xn (73~84) (77~82) (81~84) (87~93) (78~87)
X2 (81~86) (82~93) (72~81) (71~83) (88~94)
X3 (83~92) (81~92) (74~83) (76~85) (79~87)
X4 (81~85) (78~81) (85~87) (78~83) (78~86)
Xis (78~82) (75~82) (82~93) (80~85) (79~85)
X (80~87) (88~91) (81~88) (83~91) (83~91)
X (72~81) (83~94) (78~82) (85~92) (84~93)
X3 (76~83) (85~92) (81~85) (78~83) (81~93)
X (75~81) (87~91) (83~92) (82~87) (81~92)
X5 (78~84) (83~95) (81~92) (73~84) (83~88)
X (81~85) (86~89) (76~83) (84~87) (79~86)
X3 (82~91) (87~92) (81~88) (82~89) (82~91)
X33 (76~83) (84~95) (72~81) (80~86) (79~85)
X1 (81~84) (81~93) (83~91) (83~92) (82~93)
X35 (73~82) (74~80) (78~82) (84~95) (84~91)
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Table 2 Subjective weight of indicators
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X 0.235 3 X1 03201  0.0774 5
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X1 01391 00327 13
X1 0.1808  0.0425 11
X1 01159 00273 15
X 04588 Xo 01535  0.0704 ¢ 6
X2 01024 0.047 1 9
X 03792 01741 1
X 02917  0.133 8 2
Xa 00732 00336 14
Xy 0.3059 Xu 01403 00429 10
X 02716  0.083 1 3
Xus 0.246 9 0.0755 4
X 0.2244  0.0686 7
X35 01168 00357 12
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Table 3 Calculation results of index correlation coefficient

R X1 X2 X1 X1 X5 X X2 X3 X2 X5 X1 X2 X33 X1 X35

X1 1.00 —0.53 —0.69 —0.17 0.36 0.16 0.48 —0.30 0.16 —0.58 0.09 —0.49 —0.06 0.57 0.85
X1z —0.53 1.00 0.64 —0.43 —0.64 0.43 0.35 0.69 0.12 0.46 0.30 0.68 0.50 —0.02 —0.09
X3 —0.69 0.64 1.00 —0.48 —0.90 0.14 —0.13 0.15 —0.42 0.10 0.53 0.77 0.50 —0.63 —0.54
X1 —0.17 —0.43 —0.48 1.00 0.81 —0.80 —0.72 —0.36 —0.15 0.06 —0.96 —0.74 —0.92 —0.21 —0.20
X5 0.36 —0.64 —0.90 0.81 1.00 —0.47 —0.26 —0.26 0.23 —0.01 —0.82 —0.86 —0.77 0.33 0.24
X o1 0.16 0.43 0.14 —0.80 —0.47 1.00 0.90 0.76 0.71 0.42 0.77 0.71 0.91 0.66 0.17
X2 0.48 0.35 —0.13 —0.72 —0.26 0.90 1.00 0.62 0.66 0.17 0.60 0.40 0.71 0.81 0.58
X3 —0.30 0.69 0.15 —0.36 —0.26 0.76 0.62 1.00 0.79 0.85 0.30 0.64 0.62 0.56 —0.10
X 24 0.16 0.12 —0.42 —0.15 0.23 0.71 0.66 0.79 1.00 0.71 0.13 0.23 0.40 0.88 0.11
X5 —0.58 0.46 0.10 0.06 —0.01 0.42 0.17 0.85 0.71 1.00 —0.02 0.49 0.31 0.32 —0.50
X1 0.09 0.30 0.53 —0.96 —0.82 0.77 0.60 0.30 0.13 —0.02 1.00 0.79 0.93 0.12 —0.01
X2 —0.49 0.68 0.77 —0.74 —0.86 0.71 0.40 0.64 0.23 0.49 0.79 1.00 0.90 —0.03 —0.43
X33 —0.06 0.50 0.50 —0.92 —0.77 0.91 0.71 0.62 0.40 0.31 0.93 0.90 1.00 0.29 —0.07
X34 0.57 —0.02 —0.63 —0.21 0.33 0.66 0.81 0.56 0.88 0.32 0.12 —0.03 0.29 1.00 0.56
X35 0.85 —0.09 —0.54 —0.20 0.24 0.17 0.58 —0.10 0.11 —0.50 —0.01 —0.43 —0.07 0.56 1.00
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Table 4 Objective weights of indicators
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X, 04357 X1 0.2116  0.0922 3
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X, 02157 Xo 0.1012  0.0279 15
X 0.2615  0.072 1 6
X 0.1846  0.0509 11
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X 0.0981  0.0283 14
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X 0.3922  0.1132 1
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Fig.3 Comparison of weight results
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Table 5 Normalization results of evaluation data

EERAS 1l Ky 1l K Bl K Bl Ky 1l Ks

X1 (0.73~0.84) (0.77~0.82) (0.81~0.84) (0.87~0.93) (0.78~0.87)
X1 (0.81~0.86) (0.82~0.93) (0.72~0.81) (0.71~0.83) (0.88~0.94)
X3 (0.83~0.92) (0.81~0.92) (0.74~0.83) (0.76~0.85) (0.79~0.87)
X1 (0.81~0.85) (0.78~0.81) (0.85~0.87) (0.78~0.83) (0.78~0.86)
Xis (0.78~0.82) (0.75~0.82) (0.82~0.93) (0.80~0.85) (0.79~0.85)
X (0.80~0.87) (0.88~0.91) (0.81~0.88) (0.83~0.91) (0.83~0.91)
X2 (0.72~0.81) (0.83~0.94) (0.78~0.82) (0.85~0.92) (0.84~0.93)
X2 (0.76~0.83) (0.85~0.92) (0.81~0.85) (0.78~0.83) (0.81~0.93)
X (0.75~0.81) (0.87~0.91) (0.83~0.92) (0.82~0.87) (0.81~0.92)
X5 (0.78~0.84) (0.83~0.95) (0.81~0.92) (0.73~0.84) (0.83~0.88)
X1 (0.81~0.85) (0.86~0.89) (0.76~0.83) (0.84~0.87) (0.79~0.86)
X3 (0.82~0.91) (0.87~0.92) (0.81~0.88) (0.82~0.89) (0.82~0.91)
X33 (0.76~0.83) (0.84~0.95) (0.72~0.81) (0.80~0.86) (0.79~0.85)
X (0.81~0.84) (0.81~0.93) (0.83~0.91) (0.83~0.92) (0.82~0.93)
X35 (0.73~0.82) (0.74~0.80) (0.78~0.82) (0.84~0.95) (0.84~0.91)

3.2.2  FYEEINALAE b DX 18] B5CRE R
VAT L K 8] il F A o v AR X 1) 805 5 4

PARER A E AL X RO R I S 4R A R
R B A DX VRO AR BT TR R I3 6.
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Table 6 Weighted interval evaluation numbers for K; Mine

Eiskzn

FIASCIX [i] 9 A

Xl]
X12
X13
Xu
X5
le
X
XZS
X2
XZB
X1
XRZ
X33
X31
XSB

(0.066 9~0.076 9)
(0.067 1~0.071 3)
(0.046 7~0.051 8)
(0.048 1~0.050 5)
(0.040 7~0.042 &)
(0.038 5~0.041 8)
(0.045 5~0.051 2)
(0.077 6~0.084 7)
(0.071 0~0.076 6)
(0.040 4~0.043 5)
(0.040 3~0.042 3)
(0.043 1~0.047 9)
(0.059 4~0.064 8)
(0.039 4~0.040 8)
(0.050 2~0.056 3)

(0~0.055 0)
(0~0.0497)
(0~0.033 8)
(0~0.035 6)
(0~0.031 3)
(0~0.028 9)
(0~0.037 9)
(0~0.061 3)
(0~0.056 8)
(0~0.031 1)
(0~0.029 9
(0~0.031 6)
(0~0.046 9)
(0~0.029 2)
(0~0.041 2)

(0.055 0~0.064 1)
(0.049 7~0.058 0)
(0.033 8~0.039 4)
(0.035 6~0.041 6)
(0.031 3~0.036 5)
(0.028 9~0.033 7)
(0.037 9~0.044 2)
(0.061 3~0.071 5)
(0.056 8~0.066 2)
(0.031 1~0.036 3)
(0.029 9~0.034 9)
(0.031 6~0.036 &)
(0.046 9~0.054 7)
(0.029 2~0.034 0)
(0.041 2~0.048 1)

(0.064 1~0.073 3)
(0.058 0~0.066 3)
(0.039 4~0.045 0)
(0.041 6~0.047 5)
(0.036 5~0.041 &)
(0.033 7~0.038 5)
(0.044 2~0.050 6)
(0.071 5~0.081 7)
(0.066 2~0.075 7)
(0.036 3~0.041 4)
(0.034 9~0.039 8)
(0.036 8~0.042 1)
(0.054 7~0.062 5)
(0.034 0~0.038 9)
(0.048 1~0.055 0)

(0.073 3~0.082 4)
(0.066 3~0.074 6)
(0.045 0~0.050 7)
(0.047 5~0.053 5)
(0.041 8~0.047 0)
(0.038 5~0.043 3)
(0.050 6~0.056 9)
(0.081 7~0.091 9
(0.075 7~0.085 1)
(0.041 4~0.046 6)
(0.039 8~0.044 8)
(0.042 1~0.047 3)
(0.062 5~0.070 3)
(0.038 9~0.043 7)
(0.055 0~0.061 8)

(0.082 4~0.091 6)
(0.074 6~0.082 9)
(0.050 7~0.056 3)
(0.053 5~0.059 4)
(0.047 0~0.052 2)
(0.043 3~0.048 1)
(0.056 9~0.063 2)
(0.091 9~0.102 1)
(0.085 1~0.094 6)
(0.046 6~0.051 8)
(0.044 8~0.049 8)
(0.047 3~0.052 6)
(0.070 3~0.078 1)
(0.043 7~0.048 6)
(0.061 8~0.068 7)

3.2.3 WHELREEFER

AR QD ZEX A3 TR A [F 8 bR 09 A X
] 5005 4% 25 R o b o L LR i S8 i S L O
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Wl Ko B 2 2 2 0GR R 5L 8V Rk 2
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Table 7 Evaluation results and comparison

Flisg O VRES  SNRiSEE SRS s  SIRNEE 51 R0ES LRCECES
it 5 1 5 i 7 B 5 Tt 5 B 5 h 75 B 5 I 3 B 5 K3 ZRIAI9) S gy S g 20
K, 0.206 0 0.046 6 0.020 9 0.018 0 0.043 7 I % I %% 1l 2%
K, 0.220 0 0.061 5 0.035 6 0.017 1 0.032 0 I %% I % II %%
K; 0.211 7 0.052 4 0.026 8 0.016 4 0.040 1 I3 I % I %%
K, 0.215 1 0.056 3 0.030 6 0.015 6 0.036 4 I %% I % I %%
K; 0.217 6 0.058 8 0.032 5 0.011 0 0.029 1 I % I %% I %%

H1 7 Al A1, 5 A8 B KA L R 1 22 4 A VAR
GRG0 5L XA ADIEE R 582 —50,5
A7 LS AT T R A A M T 2 e S 0 B 2R AT X
PRAE , 3d X Lk B R T A AR A X [R] A8 AT
BRI 55 2 WA 45 2R 58 42— B0, 55 R 0 0 ) i B
WA R A L ACE ™ 10 K A E—E 257, o
T PR T i TE 18] 2 K AR e S8 BE PR VA A R AT
BRI EE T MATLAB 8445 2 )7, A4
PRI s B MG S = B IR R G B 5 5%
V] P9 A X 57 A S i 26 A AR Y I [ T
I T LMRFE EXCEL R {8 31 53 28 U] 58 19 PEAG
2 SN BIUE oy A AR PO R D N RUN

R DN JBE B I8 R T o A AR A SR B2 R K
THIE AN ) 45 4 DAl B8l 7 2% 55 20 T 19 SRR BE A,
SR m T AR U U Ll N O i E B R £
o PN Wb 0 22 2 25 9 oA — € E WL OF HAE 1
VRS 528 5 BE BN BLT R RE 5 BUR AT A
ZER IR DX R N N R
JE L PEAL S5 SR BRSO . o B 98 AR VA K
V-8 RE TN U= RCIOE (=F 74 €K VAR Rl 5 7 e
PR RINZ AR 0.501 7, M Bl R EEZ 2 HE
BN 22 4 ) BE v 52 5 B I K A R R 25 45 O TR
BUAR S B4 DI, 25 1 O B2 &7 2 O AT
& LRESEPR,
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2 7 AL I K P e RO R
7 AR ) AT A R R R A TR S SR
fle T AR v, EE g5 TR A 0 Ml B R B Y TS )
FE TSI A T ML T A TR R R b T A% 14 5 4 R T )
A RS A5 ) 5 38 17 B2 T 88 K00 R i 152 1 g Ak K
B R U TR S R R BOR B E B AR 2 G 4
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OB 55 HREHE U 52 T 2 4 4Ok T 5 I 2 1)
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(1) 76857 88 R HR 2 2 VPN 48 b 1k R LAl
b AR IE A A AU AR L F G A CRITIC ¥
TR LA AR A R O LA 3 Y 48 bR 25
G RUTE BT X R BB IS L W a2 48 b DR A X E) 5
ST ZH A TR — DX (R A O AT TR .

(2) BFXF 88 KW 8 5 2 4 DAk A0 B0 1 L oK
VPR A5, LA 5 AR R KB R A S A9 A B 5 % 2 L 1
JIT ST B 2H A KA — DX ) i S R A G ok T 2R
B HER  LRA e B X 25, S5 R RW .5
FE R IR R A RO T R (%
2, 5EFMG VRO R 58 4 — 3 Bk 7 g s
(R 25 B DE A AR R A 58 KT R 22 4 VP I THT 1Y) 35 1
PEIPAE 45 R B G,

(3) BE X 5 HE g RO LR & 4 5 PAT M 45 R
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