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Rock breaking effect of plasma blasting under confining pressure

WANG Yanbing, LI Xue, WANG Zhaoyang, HUANG Zhehang, MEI Hongjia, LI Yangyang, LUO Lin
(School of Mechanics and Architecture Engineering, China University of Mining
and Technology (Beijing), Beijing 100083, China)

Abstract: Plasma blasting rock breaking technology is characterized by green, high efficiency, controllability, and has a good
application prospect in deep rock breaking. In order to provide a new rock-breaking method for the rock-breaking engineering
under deep stress, four groups of plasma sandstone blasting tests under different peripheral pressures were carried out. The
morphology, structure and distribution of three-dimensional cracks inside the rock were comparatively analyzed by CT
scanning and three-dimensional reconstruction, so as to study the effects of the plasma rock-breaking technology in rock-
breaking under different peripheral pressures. Meanwhile numerical simulation is conducted by using LS-DYNA, and a
plasma equivalent explosive model in the coupled stress field is established to assist the verification of the coupled stress
field, the plasma blasting mechanism as well as the rock-breaking process in the blasting process. Numerical simulation is
conducted by using LS-DYNA to establish the plasma equivalent explosive model, supplementing the verification of the role of
plasma blasting in the coupled stress field, and investigating the mechanism of plasma blasting under different pressures, as
well as the rock body in the blasting process of the internal crack expansion, distribution and damage evolution laws. The
results show that under the same voltage, with the increase of the 3D peripheral pressure, the number and distribution range of

cracks on the surface of the rock exhibit a trend of gradual reduction, while the complexity of the cracks within the sandstone
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and the degree of penetration are significantly reduced. Due to the dynamic stress field generated by plasma blasting and the
static stress coupling field generated by the surrounding pressure, the shock wave generated by the plasma blasting in the initial
stage of the explosion plays a major role for the effect of different pressures under the action of the rock crack morphology and
the center of the expansion of the region does not show obvious differences. With the attenuation of the shock wave, the 3D
surrounding pressure in the middle and late stages of the plasma blasting process plays a decisive role in inhibiting the cracks
of the rock mass expansion and damage evolution. At the same time, with the increase of the surrounding pressure, the more
significant inhibition effect on the expansion of cracks in the rock body, resulting in the body fractal dimension and damage
degree of 3D cracks in the rock body, while the role of the surrounding pressure approximately follows a linearly decreasing
relationship.

Keywords: plasma explosion; confining pressure; crack spatial morphology; three-dimensional reconstruction; LS-DYNA
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Fig. 2 Device diagram of plasma blasting rock breaking test under confining pressure
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Fig.4 Process of plasma blasting rock breaking test
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Fig. 5 Surface fracture results of sandstone specimens under different confining pressures
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Table 1 Upper surface measurement parameters of sandstone specimens after explosion

W Jiti L/ MPa HHL R DX T A /mm HECFIEE /mm O RBEUKE /mm
H-1 0 1193.99 3.90 53.40
H-2 2 778.92 2.30 49.40
H-3 4 514.46 1.30 46.00
H-4 6 349.49 0.60 43.00
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Fig. 7 Original CT scan image of the specimen after explosion
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Fig. 8 Binary image of post explosion specimen after extracting cracks

212 BB EhR=1tEEH

AN Ta) B A T i A HLRE LI 81 2 AR 285 e S T SR, PR A 2R SR 0 TG ok aal o A R
P, IR AL B R 1 CT R A = ZEnT B AVIZO RGN IR RS 1, HEAT 15 A TR = 4
FAR LA BE— 25 50 A7 4 S5 a0 A B A5 AR B, A [] RS 2% P b5 45 B T IR IS N R R B0 — 2 T A
PN 9 o o o aZs A 145 nT L3R B M WL )12 e O AR 19 2R BUIE 25 45 4 B =3 1) e A i L, e P H-1
B T AR T ICH A A IR, PN R 2 R 58 SO T R BT S a3 X, I B AR
2B AAFTUES 51 2 B0 B RS, a0 v B0 B R 20 1) SR, A [ SRS op TR Y 1/4 3R

is

|

1

H-1 H-2 H-3

(a) Specimen crack

H-4

H-1 H-2 H-3

(b) Perspective view of the whole specimen

Ko MRRbaikr —4EEiy

Fig. 9 3D reconstruction of sandstone specimens after explosion
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