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Study on initiation and propagation mechanism of internal cracks caused by

dynamic and static action of shaped charge blasting under in-situ stress
WANG Kaifei', ZHANG Changsuo', HAO Bingyuan', ZHANG Shengli’
(1. College of Mining Engineering , Taiyuan University of Technology, Taiyuan 030024, China; 2. Key Lab of In-situ Property-improving Mining of
Ministry of Education, Taiyuan University of Technology, Taiyuan 030024, China)
Abstract: Deep hard rock blasting is a free surface blasting process under the coupling effect of explosive dynamic and static load and in-
situ stress. In-situ stress has a strong inhibition effect on blasting crack propagation, which greatly limits the application of deep hole blast-
ing in the engineering of hard rock pre-weakening and roof cutting and pressure relief. In order to clarify the action mechanism of stress
wave and explosive gas on crack initiation and propagation in infinite rock blasting under the influence of in-situ stress, based on explo-
sion mechanics and fracture mechanics, the length of guided crack in shaped charge blasting action was theoretically deduced. Combined
with LS-DYNA software, the process of crack initiation and propagation in rock under dynamic and static action of shaped charge blasting
with or without the influence of ground stress is simulated and analyzed visually. The results show that: 1) The numerical simulation res-
ults indicate that the time cut-off point of dynamic and static action is 32 ps, and the phase of shaped charge blasting action is dominant for
crack initiation and initial propagation. The static action of explosive gas is the dominant factor for crack propagation. 2) When there is no

in-situ stress, the crack propagation length in the phase of static action is 11 times longer than that in the phase of stress wave action. Com-
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pared with the condition without in-situ stress, when the in-situ stress is 20 MPa, the crack length in the action stage of shaped blasting is

inhibited by 12.4%, and the crack length in the static action stage is inhibited by 86.3%. The in-situ stress mainly inhibits the crack growth

in the static action stage of the later explosive gas. When the lateral stress is perpendicular to the direction of crack growth, the inhibitory

effect decreases with the increase of the lateral stress. 3) Based on the background of roof cutting and pressure relief engineering of N1302

working face in Gucheng Mine, the crack propagation mechanism of in-situ stress and dynamic and static action of deep-hole blasting was

considered through numerical simulation, and the optimal decoupling coefficient was finally determined to be 1.3, and the hole spacing

was 1 000 mm. The engineering inspection effect after explosion was good, and directional pre-cracks were formed in the hole.

Key words: in-situ stress; shaped charge blasting; dynamic and static action in rock blast; crack propagation
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result
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Table 5 Experimental scheme of uncoupling coefficient B REGS R, KA R BSE e AL, SR
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Fig.13 Numerical simulation results
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Table 6 Physical characteristics of the main crack expansion during the dynamic and static action stages

A TR 1.1 1.3 1.5 1.7
JEREIX 248 /mm 33.32 31.07 30 30.72
FREAKE /mm 342 1020.9 814.3 215.37
TR R /s 540 790 1084 360
FERLECFY R (ms™) 633.33 1292.28 751.2 598.25
ERB B us 60 45 50 46
FEHIB BB SR B /mm 145 115.1 130.9 130.78
BB BEALBOT 5 A B /(ms ™) 2416.67 3512.67 2363.33 2978.52
FHEH B /s 480 745 1034 313.4
T B S JR JiE /mm 197 905.8 683.4 84.59
W BALBOT 9 S BE /(ms ™) 410.42 1215.84 660.93 269.91
3. HERBBEASOT Y R L 5.89 2.89 3.58 11.04
3. WHERIB BEAS KL 1/1.36 1/7.87 1/5.22 1.55/1
3, HERBBOT K 1/8 1/29.8 1/34.47 1/13.46
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