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Optimization Study by Zhongkai Mining on Charge
Structure of Large-diameter and Deep-hole Blasting

ZHAO Xing-dong' ,SONG Jing-yi' ,TIAN Bin® ,FAN Xiao-su’
(1. Labrotary of Safe Mining in Deep Metal Mine, Northeastern University , Shenyang 110816, China;
2. Linzhou Branch of Tibet Zhongkai Mining Co. ,Lhasa 850000, China)

Abstract: Charge structure has an important impact on deep hole blasting effect with a large diameter in thick
and large ore bodies. The current charge structure (24.2% air deck length) used in Bangzhong mine of Zhongkai
Mining has a serious problem of post-blast impact damage, resulting in blockage, collapse or even scrapping of the
latter row of holes,which seriously affects productivity. However, blindly increasing the air deck length ratio has the
risk of increasing the boulder yield. Based on the actual explosives and rock parameters of the mine,a study on char-

ging structure optimization was carried out by using the numerical simulation software LSDYNA. The commonly used

Uz #5 B £A ( Date of reception) :2022 — 11 —08 ¥ 4% B % H #7 ( Published online) :2023 —04 - 15

EZBBA GBNAR975 -), B, Wit RACKRFERY TRRHER . A0, NIRRT RS FE G EMF, (E-mail) zhaoxingdong@

mail. neu. edu. cn,

BIAERE RN (2000 - ) , 55 ARAE R L0 AR , N TR IEIESY , (E-mail ) 2637581519@ qq. com,

E&TE MK ARFERE ST GTH (52130403) 5 [1 5K A AR F RS- IR G RE G BRI H (45 . U1806208) 5 h sk iy e FE ARl 55 3%

BB H (N2001033 ) 530 7949 H 5| 5 77 b 2 FRe 9 6 31 H (2023 H6/100100050)

About the author: ZHAO Xing-dong( 1975 - ) ,male,Ph. D. ,professor and doctoral supervisor of the Department of Mining Engineering, Northea-
stern University , mainly engaged in the research on the prevention and control of mining disasters in deep metal mines, ( E-mail )
zhaoxingdong@ mail. neu. edu. cn.

Corresponding author:SONG Jing-yi(2000 — ) ,male,Ph. D, candidate of Northeastern University, engaged in engineering blasting research, ( E-mail )
2637581519@ qq. com.

Fund Programs: National Natural Science Foundation of China(52130403) ;The National Natural Science Foundation of China-Shandong Joint
Fund( No. U1806208 ) ; Fundamental Research Funds for the Central Universities( N2001033) ; Liaoning Province Centralized
Guided Local Science and Technology Development Funding Program Projects (2023 JH6,/100100050 )



HaE H1H

BAOMTR RS, I i, 5 LR AR TR AL AR v A 25 S5 A AL AT 5 61

air spacers were selected as the deck materials. Then, 12 charging structure solutions were designed for numerical

simulation with respect to the air deck length ratio, and the relationships between the charging structure and the eval-

uation indexes( such as the back impact effect,boulder yield, peak particle velocity of free surface and peak effective

stress) were obtained. The results show that the peak particle velocity of the free surface and the peak effective stress

gradually decrease with the increase of the air deck length ratio. The back impact effect is obvious and the back row

of holes may collapse when the air deck length ratio is less than or equal to 30.5%. There is a risk that the boulder

yield increases when the air deck length ratio is greater than or equal to 45.3%. The optimal air deck length ratio is

44.2% . The deep hole blasting tests show that the boulder yield of the optimized charge structure is 7. 1% ,and the

back impact effect has been effectively controlled.
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Table 1 Proportion of air deck length for different charging structure schemes
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Table 2 Rock RHT model parameters

po/(kg-m™)  f/MPa EPSF B, B, aq G/GPa T,/GPa  T,/GPa

4080 121.37 2 1.68 1.68 1.0 18.81 53.64 0
P.../MPa N P,./GPa Fr A,/GPa  A,/GPa  A,/GPa Fr Q,

40.51 0.74 6 0.26 53.64 90. 12 55.08 0.06 0.68
EOC/s™! EOT/s™"  EC/s™'  ET/s™ B. B. PTF G, G/
3.0E-5 3.0E-6 3.0E25  3.0E25  0.0104  0.0142 0.001 0.4 0.7
D, D, EPM A, N, X1 N, A B

0.04 1 0.01 1.6 0.61 0.5 3 2.47 0.05
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Table 3 Parameters of 2# rock emulsion explosive

R/ (kg +m™) M@/ (m-s™')  Py/GPa A/GPa B/GPa R, R, w E,/GPa
1.18 x10° 4.2 x10° 9.55 293.9 21.73 6.366 2.152 0.207 3.14
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Fig. 4 Numerical simulation damage cloud map

of blasting in Scheme 4

AR 2S5 7 S A-A i A A =
BIWLIE S o 18 S 2], AN IR 25 45 4 BT I i 41

R, BT 5 rp SR AE FH LA ZRAE 1T R 7™ Az R A XSk
(Damage <0.5, HEART 0.8 m?) , BRLRAHE ] L) 3
TESR e vV E PR b DAL FL 2 BT S AT LA
KB, Bt s SR A BE LA i, FCRT e A K
DIl TR BRI [ IS B S o/ X I ML L )
P00 2 A, 24 s AR B B8 LB 3/ T 30. 5%
(T 1.2.7) 0, J5 HEM AL B T 52 B35 /e
FRISEI , ) B T AR A 453403 DX, A7 78 358 FLXUR: , 7T



64 K

1% 2024 4E3 A

e S HEE AL IR, b R T eI BiA TR 2y
SERE BRI S RS SEPREE R — 2 i — S e T
BB AL GE J A T Sk ; Y 25 SRR A B LR T
45.3% (J7%5.6.10 11 12) , AT RE ™= A K X 389
TR NS R A ko 50 B A 2 /) P A B LA Ay
F36.8% % 46.3% Z ] (5% 3 4.8.9), ILATHEGE
REAIRR A S5 R, ST /DR s iV E H

) WO
-

o

A A e -

e

)
i

=

..,.‘._;,..‘m_.
Mia:alaiaiaiais

i

Kl 5

Fig. 5 Final damage cloud map of blasting numerical

77 SN E AU TR AR = [5] (1 =6 ms)

simulation for each scheme(z =6 ms)

3.2 KEGRFLEWZET SHML

I T 5 A R 33 R AN R S B R A
R TATAD (1 PR B E B A5 4R HE - . 2 g L
N BB AL 2R 1.5 m AR A 7 AN IR,
I RA TR BRI 2. 75 ms [ 6 S ANTR] 7 58 T il i 9k
Sl ML, i1 6 Al Bl 2 Rl IR 1L
A 38, JFC A 00 3 Sl D (S TR R e
SCPHTRIAL, T 58 3 4 8.9 KRB AR A X IS 2 A
RO, I 7 AR A B R B T 5 %8 3 .8 M i
PRENEMEHEEV B R T 5 4.9, UM T5 % 3.8 1%
BRI R ELATIE 6 I AT, 7 58 4 Mg i) i 0 {
R SIIEE LT %9 /N, v T 5.74 m/s ]6.56 m/s
Z 18], BT 56 4 HRRERE SR o0 AR 2T

7 S ANTR) I 581 Ml i A 28000 7 W h 46
H P 7 R Bt s R B R BB A3, R
FUEAEA O ) SR BB T B s, HIr% 4
SN e G A 2800 T U8 B Wi JEE L D7 5 9 /N B O

ZAIRBERE R A I A,
10.5¢
EtA 95 /\/\.\-/_
1 g5 >
1.5 m, E’
-1+—C @ 7.5
D ﬁé{ 6.5
&
E¥ss
F & 45
R Lo iRl > hE2 a3 IR
- RS K6 >RT e HKS
=R &R0 = FEIl ——FEI2
2. 1 1 1 1 1 L 1
5 A B C D E F G
TS
El 6 ANFEFET Wil S 37 sh g (8 s

Fig. 6 Peak vibration velocity of monitoring

points under different schemes
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