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Abstract :

ity coal seams and improving gas drainage efficiency. While extensive research has focused on the effects of factors

Pre-split blasting has emerged as a crucial technique for enhancing the permeability of low-permeabil-

such as blast hole configuration, charge structure, charge coefficient, explosive quantity,and the propagation dynamics
of blasting stress waves, limited attention has been given to fracture expansion characteristics through numerical simu-
lations. Furthermore , experimental investigations into crack propagation remain scarce. This study addresses these
gaps by examining low-permeability coal samples from a specific mine,employing small-dose coupled charge blasting
technology combined with computerized tomography scanning technology. The experimental approach enabled the ac-
quisition of macroscopic damage characteristics and three-dimensional crack distribution patterns post-blasting , facili-
tating an in-depth analysis of internal crack expansion under blasting stress. Key findings demonstrate the feasibility
of utilizing detonating explosives instead of conventional explosives for small-scale coal sample blasting experiments
with low-dose coupled charges. The results reveal that; (1) a larger blast hole diameter correlates with diminished
crack propagation and permeability enhancement under constant charge quantity and tamping pressure; (2) tamped
charges outperform loose charges when blast hole diameter and charge quantity are held constant; (3) an optimal
charge quantity exists for fracture propagation,with excessive amounts proving counterproductive. Specifically ,for the
standard-sized low-permeability coal samples examined,a charge quantity of 25 mg yielded optimal results, producing

a crack volume ratio of 12.79% and a single crack volume of 20 135.03 mm,followed closely by a 20 mg charge.
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Table 1 Test results of coalbed gas content

. FEABCLZEEE LA P LT & i
mbpwy LEAEORRREE e e -
) Effective thickness . . Gas component/ Gas content/
Sampling ) Sampling  Thickness of o 3 0
.. of overlying ) m’ -+ (t. daf)
position depth/m coal seam/m
layer/m Co, CH, N, Co, CH, N,
7305 253.80 917.41 6.35 0.31 15.36 1.40
8006 121.81 652.28 5.41 9.24 7.83  82.93  0.50 0.52 0.23
12201 170.26 809.20 5.59 28.50 0 71.50  0.37 0.00 0.93
12603 163. 83 848.83 6.63 3.53  81.25 15.23  0.66 15.11 2.83
12605 95.14 1047.52 6.01 10.52 42.57 46.91 1.01 4.09 4.51
12800 112.15 699.48 5.73 11.68 53.61 34.71 0.96 4.40 2.85
12801 74.47 777.95 6.95 2.57 64.13 33.30 0.62 3.22 0.47
13801 230.96 1035.83 6.47 5.40 86.62 7.98 0.69 11.00 1.01
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Fig. 1 Compression mould for coal sample
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Fig. 2 Steel fixture
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Fig. 3 Specifications of coal sample and borehole
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Fig. 4 Test equipment and materials
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Table 2 Blasting charge parameters

FEA 45 Sample number 1# 3# 4# S5# 6# T# 8# o#

fL4& Pore size ¢/mm 4 4 6 4 4 4 4 6

AR5 Quality of primary explosive/mg 100 20 20 15 25 35 30 25
£ 2% % 7 Loading pressure/MPa 30 30 MAHK 30 30 30 fam 30

25475 J& Height of explosive column/mm 5.70  1.70

1.26 i 0.91 1.52 2.09 7 0.77

(3) 2y B AL G Ik, (2R R 25

(4) Rt 25 fa] A SRR B AL 5 B, A&l 5 (a)
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(5) R BERETL AN Je 2o, I S (b) PR
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(b) B A S Fe B
(b) Coal sample put
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(a) Coal sample after loading

into steel fixtures
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Fig. 5 Coal sample for blasting experiment
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(a) No.1 coal sample

(b) 2# MR
(b) No.2 coal sample
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(d) No.4 coal sample

(e) S#HEFE

(e) No.5 coal sample
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(1) No.9 coal sample
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Fig. 6 Cracking effect of coal sample
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(a) L#IERE
(a) No.1 coal sample

(b) 2#
(b) No.2 coal sample

(d) 4#ERE
(d) No.4 coal sample

() 6# 1
(f) No.6 coal sample

(g) THIERE (h) 8#MERE
(2) No.7 coal sample (h) No.8 coal sample
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(a) No.1 coal sample (b) No.2 coal sample (¢) No.3 coal sample (d) No 4 coal sample (e) No.5 coal sample

¥

(f) 6# LA (g) THIEHE (h) 8#MEHE (i) 9 HHE
(f) No.6 coal sample (g) No.7 coal sample (h) No.8 coal sample (1) No.9 coal sample
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Fig. 8 Three-dimensional distribution effect of cracks in coal samples

(c) 3#JERE
(c) No.3 coal sample
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(i) O# HERE
(1) No.9 coal sample

B7 BT R R CT F936 25

Fig. 7 CT scan resulis of coal samples before and after blasting
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Table 3 Internal crack parameters of coal samples after blasting

B JEALER  RBASRE RS HLUARUEIE RSN RRRIUAR
Suu ) M Blasthole Quality of Loading Volume ratio Number of Maximum crack
amE ¢ diameter/ primary explosive/ pressure/ of crack/ independent volume/
famber mm mg MPa % cracks/ > mm’
1 4 100 30 9.33 3812 10 266. 58
2 4 30 30 7.45 31 830 10 944.85
3 4 20 30 12.05 8183 19 932.88
4 6 20 FAT 2.93 50 460 2503.76
5 4 15 30 9.02 12 892 13 399. 06
6 4 25 30 12.79 6212 20 135.03
7 4 35 30 9.79 5843 15 890. 50
8 4 30 VAL 5.65 8311 9285.81
9 6 25 30 3.21 5485 4659. 82

giak2. K3 E6 KT ME 8 FHITLES T
e

HE 7 () FnE 8 (£) Al LUt 6#BEFE AR 5 B
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0L R 5 K 3 0 e e R R A L &L 7 (a) Al
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