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ABSTRACT The study examines the directional fracturing effects of plasma blasting technology when combined with slit tube and
precut groove technologies. Plasma electric pulse directional fracturing tests were carried out using two groups of test variables. The aim
was to explore how different slit tube shapes and precut groove spacings affect the mechanism of directional rock fracturing under
various configurations of plasma blasting. In the first set of experiments, results indicated that the embedded inverted wedge-shaped slip
guides crack initiation, expansion, and extension along the intended rupture surface direction compared to both positive wedge-shaped
slit pipe and flat cut slit pipe. The shape of the cut slit significantly affects the directional fracturing effect during rock electrobursting.
The inverted wedge-shaped slit pipe exhibits a cross-sectional area that gradually decreases from the inside to the outside, resulting in
strong energy convergence during the plasma blasting process. This configuration generates maximum peak stress on both sides of the
slit, ensuring a higher degree of flatness on the inner surface of the rock specimen. Consequently, it produces the fewest secondary
cracks and achieves more effective directional penetration through the rock. The second group of experiments revealed that prefabricated
grooved rock specimens use precut grooves to steer the direction of crack expansion and rupture surface formation. As the spacing
among these grooves increases, the effectiveness of the electro-explosive fusion fracturing gradually diminishes, leading to greater

deviation from the expected crack direction. When the precut slot spacing is small, the shock waves from the electro-explosive events are
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closer together, overlapping to form a combined shock wave. At a 40-mm slot spacing, the precut groove rock specimens exhibited

optimal energy convergence from plasma electric pulses, forming a coupling surface along the precut groove line. This configuration

enhances stress intensity at the rock crack tip, resulting in more precise directional cracks compared to spacing of 50 mm and 60 mm. At

the same time, the directional fracturing effect of plasma blasting is more pronounced in precut groove orientations than that in slit pipe

configurations, offering excellent penetration along the intended path.

KEY WORDS plasma electric pulse blasting; directional cracking; slit tube; precut groove; numerical simulation
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Fig.1
pipe rock specimen; (b) precut grooved rock specimens

Diagram of different forms of three-hole rock specimens: (a) slit
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Table 1 Parameters of three-hole rock specimens
Width of Width of
. . Borehole
Specimen Type of external internal spacin
number slit tube cutting cutting pacing,
L/mm
seam/mm seam/mm
A-l Positive 4 5 50
wedge shape
A-2 Flat cut shape 2 2 50
A3 Inverted 2 4 50
wedge shape
B-1 — — — 40
B-2 — — — 50
B-3 — — — 60

XEE VB2 55, W 2 iR . VIS8 58 M I R Bt 38 41
Yt v [l ) DD )RR A 4%, D) 4% K B 50 mm,
B K 65 mm, ML 24 mm, BEJE 2 mm, J1FESECN
2 PR,

BB TR T P s R A A 1B 3 TR, R
HL LI | B AR R AR L PR RO A AR I
By A HEL R R A2 I HE, 380V, ik ik E f TR S LN
0.5~ 10 kV, HL 25 2y [ 4 50 ~ 20000 pF, i fig
HYLFETE 1~ 100 kJ, S50 H K L B ESR<5 MQ. %
e B R e HL A i A T i R R A RN, e IE
B A A B A FL N ) LR R AR R
VRS 5 BT, H R A WA TR (%) T S B 1] A 5 15

- 261 -
(2) (b) (©
B2 isarge sy R . (a) IEBIEISEE; (b) TYIE b4
&, (o) BIBUE UIsEE
Fig.2

wedge-shaped slit tube; (b)flat cut slit tube; (c)inverted wedge-shaped slit
tube
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Schematic diagram of fiberglass double slit tube: (a) positive
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Table 2 Physical and mechanical parameters of glass fiber slit tube

Circumferential elastic Longitudinal elastic Poisson’s Circumferential compressive Longitudinal tensile
modulus/GPa modulus/GPa ratio strength/MPa strength/MPa
0.061 0.186 0.23 450 280
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Fig.3 Plasma electric pulse rock-breaking equipment
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Fig.4 Cracked states of the upper surface of the rock specimen of the slit tube after explosion:(a) A-1; (b) A-2; (c) A-3
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B 5 B A B RIEHLCRE. (a) B-1; (b) B-2; (c) B-3

Fig.5 Upper surface crack states of precut grooved rock specimen after explosion: (a) B-1; (b) B-2; (¢) B-3
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Fig.7 Morphology of internal fracture surfaces of precut groove rock specimens after explosion: (a) B-1; (b) B-2; (c) B-3
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Table 3 Explosive material parameters

Density of explosive, Detonating velocity,

Initial specific internal

pl(kg-m™) D/(ms™) PiGPa A/GPa B/GPa Ry R, energy, e/(kJ-m?)
1500 7450 22 586 232 5.25 1.60 0.282 8.56
Fa KEHHE
Table 4 Water body material parameters
po/(kg-m™) C S S S3 Yo Ey
1000 0.148 2.599 —-1.985 1.226 0.35 0
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Fig.8 Calculation model for rock fracturing induced by directional electric pulse: (a) rock model of slit pipe; (b) precut groove rock model; (c) schematic

of measuring points
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Fig.9 Cloud map of rock electrical explosion damage evolution in slotted pipes: (a) A-1; (b) A-2; (c) A-3
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Fig.10 Cloud map of damage evolution caused by precut groove rock electric explosion: (a) B-1; (b) B-2; (c) B-3
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