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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 Diagram of different forms of three-hole rock specimens: (a) slit

pipe rock specimen; (b) precut grooved rock specimens
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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
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Fig.2  Schematic diagram of fiberglass double slit tube: (a) positive
wedge-shaped slit tube; (b)flat cut slit tube; (c)inverted wedge-shaped slit
tube
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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; (¢) A-3
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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.6 Morphology of internal rupture surfaces of rock specimen of slit tube after explosion: (a) A-1; (b) A-2; (c) A-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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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
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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

AL R 18] DI B8 Rz g 3, (8453475 400 S T T U
5 15 5 1) A 8 .t 000 s L X3 U0 A ) )
Ty 8 ORI, e D R Al L i
LT BV T7 1) 4k S AL 1, {0 0 S 2 IO
7 1) R RS R B AT e Bl L DU ] s Bt
D) 5 L 18] BE 14 K 2 60 mm, T T0UIAE 2 [ 1)
) AR, = L Z 18] AN REJE IS A1 R I ) &
TN, RE 1 OR8] Al L DX SR i 458 £ 1 A
K &, Wl L DX IS5 A7 7 T U0 AE Dy 1) R T

DR T5 1) (4 900 B % 3k 88 R — B0 B bl O
14 f 48 , TUUIHE Bl £L 18] #0440 mm 59307 352 47 4
ST FIRE D5 10 A J, T i AL DX 1) R A
T8 B /DN VBRSO 28 50 mm i, =L np
e vy FLBE Y TOULT) R 7 1) 54, A0 At L RE 1) R
Ik 55, T LT PUIAE O ) B4 0 k2 R, L
S TUY A T 1 B 58 5 (e B K 2 60 mm
I, p T IOUIRS [R] B AR, = AL A 458 475 ] ek
DIV 5 1) M e L TRUIAE O 1) 4k e e, OF HHL &



- 268 -

TRERLF2ER, 26 47 5, 5 2

Ji& e 34 - — 5. 1 B B A A L TV RS ) B Y
K, ZHFL b BT R 7 1) 0 B v AR 32 0 5
473 AN P — b T TR A ) R R, A )
323 A[EE T AR RO T 4B
B 11 AN [R]E a)JE 20F AS [R5 9 A5 8800
A Ak 2, HA s TR A 6 T AL AL e
J7 [ FELRR 26 XAV B, D A 24, 3#, 4#. SR AN
FLUH O Ty ) HL R T XA, EL A 3%, 4# T AN AL
TGN ) ESAE, WiRIERIE | EUIE | ERE
VIS4 10 2 AR 50 008 A-1L A2, A-3, Tl D)
[B] 5 A 40, 50, 60 mm F% 15 U1 Al 5 4 14 43 5 0
B-1. B-2, B-3. XJ Lt AN [0 5 i VD 48 45 A il R ]
DIER 3, V)45 5 AU A1 A2, A-3 TEHLER
ok A T AN TR A RO ) A Ak SRR AL, HA
BN I 2 AR, DUIE BB A il A-1 N
B, 24 ¢ =8 us B, FL g ok P M V) e B AL R &
WA 3, 4#hb, BEB By T P00 N 07 35 40 B 2, g
FL 22 [ 7 ) S HsF ] PN ER R 184 n, 7 g e {3 AL A
1 0.005 GPa, 5 A (IR V14 5 i 24 H g oy
P BN IR M AT 24, SHET, h T U885 MU X A 3
BN 1Y, V)48 RS SR, WA 2#,
SHIV R 7 WG (EURH X T 00 55, 3%, 444 T T R, IO g 06
H T LA 2] 0.004 GPa; il I 1% 15 28 HiL 43 3t Ak )
AU O, VU1 EE DT 10 R AR 8, wh B
SEUTIZ T M AR SE K R, BLET R (35 %) 0.003 GPa

fedy, BAE0UT B V145 7 nl 4k 22 K R IE e nl 244,
e Z WU 7 1) 5300 AN A AR T LRI, D
B4 A A AR A [R) I A5 A7 %) 722 Ak e B Rl —
B, WA 25 SR, N R 1) B 252 T R 42 e
i (A I ) 4 P R B R [l BUAIUR

Xof b [ — 0 o507 Ak AN [ ) B 5 A AR
FE G RN S AR A S AR AR vh il Dl i = AN AL
U4, 2 s il A% 46 21 o 3 X A7 BB, ] —
DU A5 A7 B A R g B 2 ) TR AR A e KR R
S i U WL AP =S A B3 A R A |
LRI, FLAYRN AL N L T I A% 4% 2 R, A RO
5 TSI R — Bt ). AR 2 mIE T, 18
T X0 A R ) A8 Ak A — B R, 3
H RN WA 22 SR, A o5 240 191, Bt 5 P A
ks U T A B AL AMERE B, IEBUE ) 48 A A
AE A-1 B 5 2#7E =7 ps I35 B4 R4 7 {5
0.043 GPa, V- UL U148 7 A1 11 A-2 D i 247E ¢ =
8 ps B 3k B4 2500 77 W fH 0.047 GPa, {8 82T 1) 4%
A RN ST TE £ =10 ps ik F)] 0.063 GPa. 7] Il
T[] — 0 ASAL , IR 45 44 198 2800 ) I {H 1L 1
BLIE 25 k6 A1 SF- U1 T8 45 49 43 0 385 0 T 46.51% F
9.30%. H H T RAERCR 22 5, Y AH <5 L v o Uk
P4 25 3200 S5, 0 2440 B R T 5 TR
B, FLIE 0 mE EE RN AT UL TR I AR AR 2
5, BIEE R A3 T IRYTE R AT E /N, v
Gl ) A 7 T 18, R RECR W WAL T OE

PNTE=X

He B

& £ £
S 0.010 S 0.010 )
2 0.008 % 0.008 2
£ 0.006 £ 0.006 &
o 0.004 : © 0.004 ° i
g 0.002 2 & £ 0.002 & AL
&L 0 - < . & 0 - 5. & 0 A-1 «@ -
i 0 10 20 30 40 Q'f‘ & B3 0 10 20 30 40 Q-ii@o&* & 010 20 30 40 & &
Time/ps Time/ps Time/us
(@) 1# (b) 2# (c) 3#
& £ £
S 0.010 S )
% 0.008 2 2
£ 0.006 5 =) et
o 0.004 ) 0 ] ) ;
s 0 10 20 30 40 & & 3 0 10 20 30 40 & & 3 010 20 30 40 & &
Time/ps Time/ps Time/us
(d) 4# (e) S (f) 6#

B 11 AJEE B ILEA RN 2R INER. (a) 1#; (b) 2#; (c) 3#: (d) 4#; (e)5#; () 6#
Fig.11 Effective stress variation curves of measuring points under different orientation forms: (a) 1#; (b) 2#; (c) 3#; (d) 4#; (e) 5#; (f) 6#



A T ZIALE RS B TR EOE [ BORALB TS

269 -

BRI 5% 4 RS- VIR V14845 . V)M 4 41 B-1., B-
2., B-3 3R H i A 2442 B 0N T A B 2 T
R ] B G 348 R TR 0N, FR K R 48 S AR B AL N TR
BSE B R GE, RERCE KRR, th T R
Uity I8 3 37N, SO R b o D PG S VR IR D [n)
[ L O A AR, ol U0 R R A AT, N [
LI A G B-1, B2, B-3 44, b VA [a] B
()B4 R HAT RUN W8 43931 4 0.089 GPa., 0.079 GPa
1 0.048 GPa, [a]— M 5 &b B-2 i 74 1 B-3 ik 4F A
BN F7 VA AR T B-1 3K 43 B F T 11.24%
46.07%. v WLy FAhFL AT R /0, 76 Hi ko o 4%
LD R b B L =2 18] 9 8 R ) s8R 2 S, A
BN 7 W A 2 R /N TR, 4 A AR A
5550 W AP A K T T U0 A 2 A R, U W U 5 A 1
RAEE MBORAE— 2 B2 LW B A T WU a2 1n)
B,

4 it

A FE A A B N B AR AT
A58 T R H ok o 1) BB O Y, I A B
BN Ik, B 9045 25 U H ik o ) A RAOR 1Y
PLEE, FZA5 LU 45

(1) BB )55 48 1Y V) 4% 7 1a] 9 A 8500 ) I
{EBAEBLIE FNF- VI 23 535 T 46.519% F1 9.30%.
{5 BLIE D) 4% 45 1Y) 1) 4 B 8 TR0 FR |l PN ) 080/, 1
SRR R bk U A 1 R RE D, S B AR
AN T I B K, A Y T BRI B ik
=, R E BLE 25 44 A0 HL T R B2 IR R UDE 3
T UIEEE R AR ROR , R T A AU b S I A ) 3 R
pistiE=pap

(2) A [F] T D) A 1) BEE A v, TRIEE A 40 mm 1Y
THUIRE A 10 5 1) 24 S0 X 30 HA 77 1] A9 s 25 7
JE /0N, TUU)RE [B) BE 5 e H AR b o U AR G, BE
T U1 6] 5l 40 mm 34 411 2 50 mm Al 60 mm, VA
ToYIRE 7 1) AR A KON T W R 43 1) T B 11.24%
F1 46.07%; VIHE ] BE A /NI, H g o it i 22 (] 1 1
& PR B R, A B S Y MU O R R AL vl
A A=A R NN L S €3 T 3

(3) T VAl 5 A A I A5 Ak B A 280 0 g e
4 v T U028 48 A AR, Ul I A A S A H ik
e 1 B, 25 G TUI R 0 ) B R E —
FEFRE LT U048 A8 R Bk b m BER , TIUI A A5
R NN U el B E A N W R RN |
RAEROR, A2 A B 1Y) 8 7 9 B, i A
(1) s A S W TRUTRE 5 1) iR AT &, 1 6 22 B

FL 8] 7 Vg T, 52 3R 25 5 A ri ok v Bz AR i 40
7 T T e A

2 % x #t

[1] LiuJ,Liu Z G, Gao K, et al. Experimental study and application of
directional focused energy blasting in deep boreholes. Chin J Rock
Mech Eng, 2014, 33(12): 2490
e, XD, e, 55, GLE 0 R AR AR LR L
W R IARL . 0 1% 5 TR, 2014, 33(12): 2490)

[2]  YuYQ,YuL W, Fan L D, et al. Application study of directional
fracture controlled blasting technology in roadway excavation.
Blasting, 2022, 39(1): 61
(ARIKEE, IR, JERIFE, 5. 5 10 Wi 249 g e AR 7 A T 4
HEFRE TSR, Bk, 2022, 39(1): 61)

[3] Zhang Y M, Qiu A C, Zhou H B, et al. Research progress in
electrical explosion shockwave technology for developing fossil
energy. High Volt Eng, 2016, 42(4): 1009
(kK R, B2 2%, J IR, 46 T ) Al fr RIS 4 i LR ity
PHARBITEERE. B EHOR, 2016, 42(4): 1009)

[4] Yang R S, Li C X, Chen J, et al. Development history and new
technology research progress of rock roadway blasting excavation
in coal mines in China. Coal Sci Technol, 2023, 51(1): 224
G W, 2207, BRIR, 55, TR RS A AR m i & e i iR
BHABTE IR, BERBEER, 2023, 51(1): 224)

[5] GaoQC, Yang Y Q, Song H, et al. Directional fracture blasting
technology of medium-long hole in rock roadway. Coal Sci
Technol, 1995, 23(2): 13
(R, okms, Kif, 55 A8 HERALE 9 B 28 R
HRHFHOR, 1995,23(2):13)

[6] Lu W, Zhang Z C. Determination of stress intensity factor and
charge of blasthole on V shape blasting. J Southwest Univ Sci
Technol, 1994, 9(1): 46
(BEiSC, Bk 5. DIRER AR IR 2410 7 56 B2 D) R LA 24 1 A ff 5
PURS T2 B4R, 1994, 9(1): 46)

[7]  Xiao Z X, Zhang Z C, Guo X B. Research on crack developing law
of rock fracture controlled blasting. Chin J Rock Mech Eng, 2002,
21(4): 546
(HIE, SRk, SR, IR il B R S L BB 5.
HAOTPEE TR, 2002, 21(4): 546)

[8] Shen T, Luo N, Xiang J X, et al. Numerical simulation on
explosion mechanism of split-tube charge holders. Explos Shock
Waves, 2018, 38(5): 1172
(Wi, 27, R PE, % D4R 25 B HEAE LB B (E RS0, S
Y5 rhili, 2018, 38(5): 1172)

[9] Cheng Y H, Jiang F X, Hu Z F, et al. Prevention and control of
coal burst on gob-side entry in deep coal seam with fully
mechanized sublevel caving mining. Chin J Rock Mech Eng, 2016,
35(Sup 1): 3000
R, ZE4m2%, HAIREE, 46, IR TORERHCR U 28 BB 1 vhit
WFRBRIRTRI. 5 1% 5 TARAR, 2016, 35(85 7 1): 3000)


https://doi.org/10.3963/j.issn.1001-487X.2022.01.009
https://doi.org/10.3963/j.issn.1001-487X.2022.01.009
https://doi.org/10.3321/j.issn:1000-6915.2002.04.019
https://doi.org/10.3321/j.issn:1000-6915.2002.04.019
https://doi.org/10.11883/bzycj-2017-0410
https://doi.org/10.11883/bzycj-2017-0410
https://doi.org/10.11883/bzycj-2017-0410
https://doi.org/10.11883/bzycj-2017-0410

- 270 -

TRERLF2ER, 26 47 5, 5 2

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

Wang S F, Sun L C, Zhou Z L, et al. Development and prospect of
non-blasting rock breakage theory and technology. Chin J
Nonferrous Met, 2022, 32(12): 3883

(EAEE, IR, J Tk, 5. AR ica Be AsoR KR SR .
A 4R 2, 2022, 32(12): 3883)

Yang Y, Li C P, Ding H F. Modeling and parameter identification
of high voltage pulse rock-breaking discharge circuit. J Mech Eng,
2022, 58(15): 243

(¥, 228, T, & TRk Biod e ] i A N S50k
WU T ResA41E, 2022, 58(15): 243)

Yan G L, Zhang F P, Hao H Z, et al. Experimental method and
application of electrical explosion for breaking rock-like brittle
materials. J China Coal Soc, 2021, 46(10): 3203

(B, SRS, ARELPE, 45 MR IEBRE & 1 2B R S 00
Jrik SR BT, 2021, 46(10): 3203)

LiHL, Qin Y, Zhang Y M, et al. Experimental study on the effect
of strong repetitive pulse shockwave on the pore structure of fat
coal. J China Coal Soc, 2015, 40(4): 915

(FHER, 2258, TRk B, 45, TSR kot i gl X HEREFL R S5 1
IR SR TL. MR, 2015, 40(4): 915)

Lin B Q, Zhang X L. Mechanism and research progress of plasma
induced cracking and enhancement in low permeability and hard to
extract coal seams. J China Univ Min Technol, 2023, 52(6): 1041
MRAFIR, SRR R IROZ A2 45 ) TR BRI B ML S oY
PR, FREET LR AR, 2023, 52(6): 1041)

Liu W J, Zhang Y J, Zhu X H, et al. Key factors influencing rock
breaking efficiency of high voltage electric pulse. Nat Gas Ind,
2023,43(10): 112

MR, TRAHE, BLACE, A5 S0 v s i ik A 8 3 1 S
BRI T, KER Tk, 2023, 43(10): 112)

Huang S J, Liu Y, Lin F C, et al. Analysis of arc impedance
characteristics in high-voltage electric pulse discharge rock
destruction. Trans China Electrotech Soc, 2022, 37(19): 4978
GRS, XUB, Mot B, S5, g F kil v e o SR BEL BT R 4
Br. B TR AR, 2022, 37(19): 4978)

Lu H Q, Nie B S, Chen X J, et al. Experimental research on coal
crushing by wusing high-voltage electrical
electrohydraulic effect. J Saf Sci Technol, 2020, 16(10): 83
OFLLET, ST e, RIS AR, S5, JE T v 2800 1) g 1T ik s

pulse based on

[18]

[19]

[20]

[21]

[22]

(23]

[24]

[25]

KBRS b [ % 2L P BAHOR, 2020, 16(10): 83)
Zhang H, Cai Z X, Chen A M, et al. Experiments and mechanism
of rock breaking by the plasma shock wave generated by
underwater discharge. Acta Petrolei Sin, 2020, 41(5): 615

(oK, B35, BRI, 45 WAL S 88 T 2 S 5
BCAHLEE. A1z, 2020, 41(5): 615)

Kang J, Li C, Duan L, et al. An experimental and numerical study
on the mechanism of high-voltage electro pulse rock-breaking.
Rock Mech Rock Eng, 2023, 56(3): 2185

Yu Q, Zhang H, Yang R Z. Numerical simulation of the shock
wave generated by electro-hydraulic effect based on LS-DYNA.
Explos Shock Waves, 2022, 42(2): 128

(PR, S, B8 5. ST LS-DYNA {03 v 007 ol i A (A
L. BRHE S kit 2022, 42(2): 128)

Zhu X H, Luo Y X, Liu W J, et al. Electrical breakdown
experiment and numerical simulation method of rock-breaking
mechanism of plasma electric pulse drilling. Acta Petrolei Sin,
2020, 41(9): 1146

(WL, B 8, VA, 46 S5 8 T kb F oA HLE Y
HL TP S SRR . A1 4R, 2020, 41(9): 1146)

Che L, Gu X H, Li H D. Numerical analysis and experimental
research on hard rock fragmentation by high voltage pulse
discharge. Miner Eng, 2021, 168: 106942

Huang Y P, Wang Z L, Yang H, et al. Determination of coupling
range in the simulation of rock blasting using fluid-solid coupling
algorithm. J Hefei Univ Technol Nat Sci, 2019, 42(12): 1672
(BARS, T8, M, 55, ISR G B la A Bl R 53
Bl AR . 3 I Tl R A 2 R (A SR R4 1), 2019, 42(12)
1672)

Jiang P F, Tang D G, Long Y. Numerical analysis of influence of
uncoupled explosive-charge structure on stress field in hard rocks.
Rock Soil Mech, 2009, 30(1): 275

(LME %, RS, Je . AHE 5 2 SR 0T 5 1 1 3732 W Y
Bl . 117, 2009, 30(1): 275)

Yan G B, Yu Y L. Numerical simulation of air and water medium
decoupling charge blasting. Eng Blasting, 2009, 15(4): 13
(FIENR, TWAE. 25T 5 KA BRGS0 R . 1
FEHEL, 2009, 15(4):13)


https://doi.org/10.11817/j.ysxb.1004.0609.2022-43082
https://doi.org/10.11817/j.ysxb.1004.0609.2022-43082
https://doi.org/10.11817/j.ysxb.1004.0609.2022-43082
https://doi.org/10.3901/JME.2022.15.243
https://doi.org/10.3901/JME.2022.15.243
https://doi.org/10.3787/j.issn.1000-0976.2023.10.012
https://doi.org/10.3787/j.issn.1000-0976.2023.10.012
https://doi.org/10.7623/syxb202005010
https://doi.org/10.7623/syxb202005010
https://doi.org/10.11883/bzycj-2021-0214
https://doi.org/10.11883/bzycj-2021-0214
https://doi.org/10.7623/syxb202009011
https://doi.org/10.7623/syxb202009011
https://doi.org/10.3969/j.issn.1003-5060.2019.12.016
https://doi.org/10.3969/j.issn.1003-5060.2019.12.016
https://doi.org/10.3969/j.issn.1003-5060.2019.12.016
https://doi.org/10.3969/j.issn.1003-5060.2019.12.016
https://doi.org/10.3969/j.issn.1003-5060.2019.12.016
https://doi.org/10.3969/j.issn.1000-7598.2009.01.050
https://doi.org/10.3969/j.issn.1000-7598.2009.01.050
https://doi.org/10.3969/j.issn.1006-7051.2009.04.004
https://doi.org/10.3969/j.issn.1006-7051.2009.04.004
https://doi.org/10.3969/j.issn.1006-7051.2009.04.004

	1 不同定向形式下等离子体电脉冲致裂试验
	1.1 试验材料及设备
	1.2 试验描述

	2 实验结果及分析
	2.1 不同定向形式电爆后岩体破坏效果
	2.1.1 切缝管定向电爆后岩石表面破坏形态
	2.1.2 预切槽定向电爆后岩石表面破坏形态

	2.2 爆后岩体断面形貌
	2.2.1 切缝管定向电爆后岩石内部断面形态
	2.2.2 预切槽定向电爆后岩石内部断面形态

	2.3 不同定向形式下岩石定向致裂效果对比分析

	3 不同定向形式下岩体等离子体电脉冲定向致裂数值模拟
	3.1 计算模型与参数设计
	3.2 模拟结果分析
	3.2.1 切缝管定向致裂岩体损伤云图分析
	3.2.2 预切槽定向致裂岩体损伤云图分析
	3.2.3 不同定向形式下岩体致裂有效应力分析


	4 结论
	参考文献

