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Optimization and Application of Uncoupled Charge Coefficient
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Abstract; Shaped charge blasting technology plays an important role in goaf retaining roadway engineering, and
the charge structure is always a hot and difficult issue in current discussions. At present,there is no clear indicator of
the pre-splitting charge length of goaf-retaining roof. Taking the track groove of No. 2-11031 working face of the

Mengjin Coal Mine as the research background, an isometric charge pre-splitting technology is proposed. Firstly, a
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three-dimensional directional shaped charge blasting model is established by LS-DYNA numerical simulation software
to determine the optimal charge structure. By changing the axial cylinder length and taking the crack propagation
length and stress decay rate as the analysis indexes,the numerical simulation shows that the radial slit distance is a-
bout 40 c¢m,and the axial slit distance is about 80 cm per meter when the axial uncoupling coefficient is between
1.25 and 1. 7. Additionally, the slit distance is respectively increased by 25% and 12.5% compared with the axial
uncoupling coefficient between 2 and 3. Furthermore , the energy utilization is the most reasonable as the stress atten-
uation rates are all less than 1 when the axial uncoupling coefficients are between 1.25 and 3. Finally, a roof direc-
tional blasting experiment with an axial uncoupling coefficient o« = 1. 25 ~2 was carried out on the track groove of
No. 2-11031 working face of the Mengjin Coal Mine. After the pre-split blasting, the middle line of the two holes was
drilled and peeping. It is found that the cracks along the cutting seam direction between the two holes have been com-
pletely connected,the cracks are smooth,and the field application effect is good. Considering economy and safety , the

uncoupling coefficient o =1.7 is the best. The results show that the isometric charging structure can replace the tra-
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ditional three-stage charging structure.
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Fig. 1 Geological histogram and tangent design
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Fig. 2 Structure and crack effect of traditional charge
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Table 1 Charging scheme

e e £ ] 25, Kﬁé
KE/m  KE/m  KE/m R

1 1.0 0.0 1.00
2 0.9 0.1 1.10
3 0.8 0.2 1.25
4 0.2 0.7 0.3 1.43
5 0.6 0.4 1.70
6 0.5 0.5 2.00
7 0.4 0.6 2.50
8 0.3 0.7 3.30
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(b) Grid division and measuring point layout
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Fig. 4 Blasting model and charging structure diagram
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Fig. 5 Schematic diagram of uncoupled charge
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Table 2 Main mechanical parameters of rock
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MPa MPa LA (g+em™)
60 4.05 0.25 2.58
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Table 3 Mechanical parameters of plugging material
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-3 . FPEA WA i A
(kg - m™) GPa MPa
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Table 4 Main mechanical parameters of explosive

I p/ D/ P,/ A B/
(grem™)  (em-ps™') GPa GPa GPa
1.0 0.4 7.4 214.4  0.812
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Table 5 Air material parameters
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Table 6 Mechanical parameters of shaped tube materials
BRAF )/
ke . E/GPa  GPVC/GPa  &/MPa
(kg - m™)
1.43 43 3.2 61.7 0.32
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Fig. 6 Peak value of external circumferential stress in slotted pipe
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Table 7 Statistical table of peak stress at each measuring point
AR S a=1.0 a=1.1 a=1.25 «=1.43 a=1.7 a=2 a=2.5 a=3.3
5 50 21 18 8 0.01 0.01 0.01
10 25 8 2 0.1 0.1 0.01 0.01 0.01
15 1 1.5 1 0.1 0 0.01 0.01 0.01
20 1 0.4 0.1 0.1 0 0.01 0.01 0.01
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Fig. 12 Charging structure diagram
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Table 8 Charging scheme
H5/m L HAKE s8KE AEHEE
KJE/m cm cm EX 04
12 2 50 50 2.00
12 2 60 40 1.70
12 2 70 30 1.43
12 2 80 20 1.25
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Fig. 17 Isometric charge structure and goaf retaining roadway



76 O 2024 43 A
. experiment of rock crack cross section morphology after

6 z:lg-l'/k'\ explosion fracturing with slotted cartridge [ J ]. J China
(1) H B (A 4 7T 0 LRSS IETN T fe Univ Min Technol ,2013,42(3) :337-341. (in Chinese)

SEULHE I S AR RS I, 5 i [T NG S DING B Y Lt ol frack propgation

N - RN , chavior in slit charge blasting under high static stress con-
igg;n;éﬁj;gﬁ@ﬁﬁfﬁ 1% BERLRI IR A D ditions[ J]. Int J Rock Mech Min sci,2019,119;1}7-23.

- ° (8] TIREE Ml W, BE 2. U142y aum s 1 8L Sk
(2) 35 RACZGESH AL SN DU 55 AR T 1 052 0B 5 (D). TR 2 0

HARIEBAUST R BT R 2 28 BRUIE R 5500 2021,43(7) :894-902.

ZEie—3K , FFIR ] T T R A RR , Al AR T2 [8] DING Chen-xi, YANG Ren-shu, CHEN Cheng, Experi-

PHitiE T 3R mental study of the interaction of directional crack and

open joint in slit charge blasting[ J]. Chinese Journal of
5 2% 3Lk ( References) Engineering,2021,43(7) :894-902. (in Chinese)
[9] DING C X,YANG R S,YANG L Y. Experimental results

LU B SRAEHR R RIS KB E MALRPTEL D . of blast-induced cracking fractal characteristics and prop-
A5 LR (a0 ,2014. agation behavior in deep rock mass[ J]. Int J Rock Mech

[1] LV Peng-fei. Research on the mechanism of coal perme- Min Sei 2021 ,142:104772.
ation and fracture generation by polyenergy blasting[ D ]. [10] DING CX,YANG RS,CHEN C. Experimental study on
Beijing: China University of Mining and Technology ( Bei- the effect of defect curvature on the impact fracture be-
jing) ,2014. (in Chinese) havior of structures using the real-virtual caustics meth-

2] B AR AR AE DL D). At 11 Appl Opt.2021.60(16) +4654-61.

7 PEFERF ) 2019, CUT BB, B A KE , 5 A A (L B 2526

[2] ZHAO Jie-chao. Study on the mechanism of fracture and W B R 1 A0 T RESE (0], 92 30 5 wh ik, 2020,
permeability enhancement by deep-hole polyenergy blas- 39(12) :129-134.
ting in coal seams[ D ]. Beijing: China University of Min- [11] YANG Ren-shu,XIAO Cheng-long, LI Yong-liang. Frac-
ing and Technology (Beijing) ,2019. (in Chinese) tal study of blast damage damage in uncoupled eccentric

(3] i, B8 4. oM B BRI &R AR charge structures [ J ]. Vibration and Impact, 2020,
R FCx A N Ak g s (I ] mA 1% 5 T 39(12) :129-134. (in Chinese)

B, 2017,36(6) : 1314-1325. [12] b B AR A R S B BRI T 5

[3] HE Man-chao, GAO Yu-bing, YANG Jun. Study on the FILT]. 4% ,2020,37(2) : 115-120.
technology of self-forming lane without coal pillars with con- [12] LIN fei. Research and application of new shaped charge
centrated energy cutting and its effect on the stress evolution tube in slope pre-splitting blasting[ J]. Blasting, 2020,
of surrounding rock[ J]. Journal of Rock Mechanics and En- 37(2) :115-120. (in Chinese)
gineering,2017,36(6) ;1314-1325. (in Chinese) [13] AWM, Tk, s 2 R b R LR

(4] fri i, B I, B 5. 0L 3 A L i AR e B AR WEIR B AR H AR BT [ 1], BEWE,2022,39 (4)
L] A 02 5 TR A4, 2003 (12) :2047-2051. 62-70.

[4] HE Man-chao, CAO Wu-fu, SHAN Ren-liang. New tech- [13]  GU Ya-zhou, SHI Xiu-zhi, HUO Xiao-feng, et al. Re-
nology of two-way polyenergy tensile blasting[ J ]. Journal search on the protection technology of upper medium-
of Rock Mechanics and Engineering, 2003 (12) : 2047- deep hole blasting stoping eyebrow in underground mine
2051. (in Chinese) [J]. Blasting,2022,39(4) :62-70. (in Chinese)

[S] MW, keile ok AR, D)4 20 A0 1 K Il AL 3% ML o) 51 [14] #5085 ke, S R 2 HE A R BO WG
Rt FEL ) ). SRR ,2014,39(8 ) : 1434-1440. MR )R A AR BR S R B IR e AL ]

[5] YANG Ren-shu, GAO Xiang-tao, CHEN Cheng. Experi- % ,2022,39(4) :19.
mental study on blast wave propagation mechanisms of [14] XU Ying, GU Ke-ke, GE Jin-jin, et al. Experimental
split-tube charge holders [ J]. J China Coal Soc, 2014, study on effect of charge decoupling coefficient on rock
39(8) :1434-1440. (in Chinese) blasting crack growth under initial in-situ stress [ J].

(6] {8, THEK, BERRAR. VD4R 25 R A A R AR L Blasting,2022,39(4) :1-9. (in Chinese)

Wi g SEM 56 [T ], i [l K2 2 4, 2013,
42(3).337-341.
[6] YANG Ren-shu, WANG Yan-bing, XUE Hua-jun. SEM (T44 158 W)





