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Fig. 1 On-site Application of Single-Hole Multiple Detonators in Presplitting Blasting for Composite Roof Strata
of Retained Roadway
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Fig. 3 Jet Tip Velocity Carves under Different Grid Sizes
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Table ITMS ofﬁch factor in the orthogonal experi ment
W\ Factor

Level
A y \)/r?lm y/° Material
1 /7 / ‘ 1 60 Aluminum

2 /.% 2 90 Copper
Z’@ B 3 120 Lead
N ® 2 FLUHEAMRHREIA IWL REEFIESH
M\Tj le 2 Emulsion explosive parameters and JWL state equation parameters

p(}'@q Dey(cmps Poy(10°GPa A(10°GPa sore R R Ey(10°GPa
a (0]
%) D) ) ) L )

1.1 0.45 9.7 2.14 0.182 42 09 0.15 0.04192
®3 ERBBEEMHRBIREHIESH

Table 3 Material model and equation of state parameters for metal shaped charge liner

Material p(g-ecm3) Co(cm-ps™) S r n c m
Aluminum 2.71 0.535 1.34 1.97 0.28 0.02 1.34
Copper 8.93 0.394 1.49 2.02 0.31 0.025 1.09

Lead 11.2 0.198 1.58 2.77 1 0.1 1
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Table 4 Reaction rate constant of emulsion explosives

Lee-Traver model

I 40.0 Gl 41.7 G2 200

b 0.667 c 0.667 € 0.667
a 0.09 d 0.333 f 1.00
X 7.00 y 12 z 2.00
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Table 5 Parameters of PVC energy gathering tube

p(g-cm o (MPa ETAN(MPa FAI
5 E(MPa) PR ) ) LCSS
0.83 3057.78 045  6.895 344.75 0.25 3451
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Table 6 Parameters of rock constitutive model

pg-em
)
3.47 32 0.7 0.23 0.005 0.61 0.61 0.005 0.7

E(GPa) A4 B C M N D, D
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(a) PVC device constraint (b) rock constraint
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Fig. 5 Curves of jet head velocity vs. time for three types of drug-mask materials under different wall thicknesses
and cong’angles
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Fig. 6 Length and morphology of the jet at the same time instant under different working conditions.
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Fig. 7 Velocity curves of the jet tip under different length-to-diameter ratios.
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Fig. 8 Jet tip velocity versus length-to-diameter ratio
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Abstract: Gob-Side Entry Retaining by Roof Cutting and Pressure Relief is widely employed in
coal mining. However, the multi-segment air-decked charge structure used in its pre-splitting
blasting requires a separate detonator for each charge segment, leading to problems such as high
detonator consumption per borehole, elevated costs, operational complexity, and significant safety
risks. To address this engineering challenge, the application of shaped metalijetsimpact-induced
initiation technology in composite roof pre-splitting blasting has been proposed.'Using LS-DYNA
numerical simulation, a systematic investigation was conducted on“liner ‘structure optimization,
factors affecting metal jet impact initiation, and the stable, initiation distance.The findings
demonstrate that the aluminum liner exhibits the optimal overall pérformance. With a cone angle
of 60° and a wall thickness of 1 mm, it generates a shaped jet Wwith high velocity, considerable
length, and good continuity. In contrast, the copper liner, due to.its high strength and high collapse
energy threshold, fails to form an effective jet under low-power explosive charge conditions.
Although the lead liner is readily accelerated, it/ produces jets with poor stability that are
susceptible to necking and fragmentation. When the‘chatge length-to-diameter ratio exceeds 3, the
effective charge mass reaches saturation< Additigndl explosive energy is primarily dissipated
through radial expansion and heat loss, resulting\in the stabilization of both the maximum jet
velocity and stable jet velocity.In an unconfined air environment, the maximum reliable initiation
distance for a shaped jet from an aluminum liner (1 mm wall thickness, 60° cone angle) is 90 cm.
Beyond this distance, jet stretching and\attenuation lead to insufficient pressure to initiate the
emulsion explosive.Confinementyprovided by steel pipes can significantly suppress the radial
expansion of detonation, products, enhancing energy utilization efficiency and consequently
extending the initiation distance of the metal jet.

Keywords:metal jet; impact initiation; liner structure; decked charge; stable initiation



