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Study on Fractured Rock Mass caused by High Pressure Pulse
Discharge in Water

QIN Shuang ,ZHAO JIN-chang ,BIAN De-cun
(College of Mining Engineering, Taiyuan University of Technology, Taiyuan 030024, China)

Abstract: This paper takes cracks by the pulse discharge and seepage enhancement of coalbed methane well as
the engineering background and analyzes the mechanism of the shock wave cracking of the coal rock mass by the
pulse discharge, under the coupled hydrostatic pressure. Using the concrete sample instead of the coal rock mass
and the self-developed experimental equipment which can change hydrostatic pressure and sample triaxial confining
pressure, the pulse discharge caused cracking experiment was carried out for the concrete sample with different con-
crete stress (0~8 MPa), hydrostatic pressure (0~2 MPa), and discharge parameters (10 kV or 14 kV) to study the
influence of ground stress, hydrostatic pressure and discharge parameters on the crack propagation direction and
length of concrete specimens. The research shows that ground stress curbs the generation and expansion of the
crack and the crack direction should be perpendicular to that of the minimum principal stress. The hydrostatic pres-
sure does not affect the direction of the crack, and the increase of hydrostatic pressure can accelerate the expansion
speed and length of the crack. It is good for the extension length and penetration effect under high voltage, and the
crack length increases at high voltage. In practical applications, it is effective to improve the cracking effect by in-
crease the device's discharge voltage on coal rock mass.

Key words: pulse discharge ; shock wave; hydrostatic pressure; cracking effec

TEMEZ I BOM NG b, m Bk ™ 2R Y i (A5 A5 1A 7™ A= R, Hovp 24807 AL
HGER PR, RO RO R A

Y HEA:2019-06-12 ey
R A IO02), 9 BT W s o0 A BRI PRI 5t S il
7 5, (E-mail ) 594081689@qq. com., TR S B 2 s Rt i 5 25— M ) 0

BEE£UH s —# A8 4:(201701D22111223) -
RS AF e LD LT (EA a2 AL



F378 H1H

%OJREE R K B RS 5 101

Ll D R PR B AR b R R R
N5t g 0 R DDA O B
B B 52 50l FH 114 Jok v ke i 35028 S 56 15 T Tk 3t
Bl s R 7K T o

i F B AR 0 TR e R SR SR
AL LB AN [ [ A K R, T DL Y TR O
R A I AR R AT KO R R K el iR
RS, I xR 2R AT RO O d0 R Ak
P, WFSE AR Y S R SR EROK R
TR B 1 A 4 2k 24 4 R AL AR

1 BEYIEBHAR

TERGK AR F R 5 F K il i 28 A n] 23
JK W ) o i VR T B B R K S 4 o e S A T Y
B o oK i i A B Bl BB A S R R Y
TR S A 7K 7 A — A il B, b S AR i — A e
BT, T R B (L, A A N A — A i
fkfrise 7o K He 0 R A P B BEAE FH IR 1) 5K 3R
Wiy i A A 22, BB AN BE , 2
TE VRIS 2B S RS iV ™ LR IR 28
AR b At E— ARG

2 KWEF

2.1 SEIGIGRARE TIERE
ASZIGHINR T —E B B =4 ngRae S i RE

—m

| ik AEHLIE.

() e FE ko s R 458
(a)High voltage pulse discharge system
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(b)Hydrostatic loading system
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Fig. 1  The high-voltage pulsed discharge fracturing
test-bed

e H Ik i FEL BB S5 5 (181 2) F vy R VK e
HRSE HK RN R 5 ClE R AR K RS ) VB =
P RN RS = A s RN R RS
HA it RE HLAE L i 5 A i P R TR At L,
DTN A7 1 L RE 20 AR Ak Sk b U L PE S
TREE L, RS EL R 1. RS R E M
Xl ke P R AR 5 4 T B S BE R A 3 s
2.2 HERAEHHE

TREE A TR ORI 7D K=1:3:0. 5P L
FE L3RS 300 mm*300 mmx300 mm 57 714, 754728
do FEIREELARE B3 T EFL, AL AR 30 mm, IR
200 mm 41 4.

(OY=R=tiiil Vi i E

(c) True triaxial confining pressure loading system
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Fig. 2 The high-voltage pulsed discharge fracturing test-bed
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Table 1 Technical parameters of high—voltage pulsed discharge system
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Fig. 3 Electrode structure diagram
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Fig. 4 The concrete specimen
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Fig. 5 Test samples of concrete specimen strength
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Table 2 The test results of concrete specimen strength
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c-1 D48. 8x99. 7 38.36 20. 51 B-1 $48. 6x25. 3 2.74 1.42
Cc-2 D49. 2x98. 6 33. 61 17. 68 B-2 $48.2x24. 8 2.52 1.34
Cc-3 D48. 6x99. 6 35. 86 19.33 B-3 $49.3x24. 2 2.85 1.52
-4 ®49. 5%100. 2 41.22 21.42 B-4 $48. 6x24. 5 2.75 1.47
Cc-5 ®49. 3x98. 8 37.09 19. 43 B-5 $49.3x23. 9 2.44 1.32
-6 D48. 8x100. 4 34.32 18.35 B-6 $48.7x25. 1 2.46 1.28
c-7 D48, 8x98. 4 34.55 18.47 B-7 $49.2x24. 4 2.70 1.43
Cc-8 D48.2x99. 2 32.33 17.72 B-8 $48.3x24. 1 2.21 1.21
S D48. 9x99. 4 35.90 19.11 FEIE $48. 8x24. 5 2.58 1.37
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Table 3 The experimental parameters settings of concrete specimens

o HLR I /MPa BB
RS e, mibe, e, Y Thrwiav e
1 0 0 0 0 10 60
2 0 0 0 0 14 30
3 3 2 1 0 10 60
4 3 2 1 0 14 30
5 8 6 2 0 10 60
6 8 6 2 0 14 30
7 8 6 2 1 10 60
8 8 6 2 1 14 30
9 8 6 2 2 10 60
10 8 6 2 2 14 30
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Fig. 6 The operation flow diagram of fracturing experiment by high-voltage pulsed discharge
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Fig.7 Sampleassemblydrawingoffracturingexperiment
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Fig. 8 The microscopic photographs of some fracturing cracks
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Fig.9 Crack under different stress conditions
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Fig. 10 The cracks’ length of pulsed discharge fracturing under different geostress
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Fig. 11 The cracks’ propagation of pulsed discharge fracturing under different hydrostatic pressure
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Fig. 12 The cracks’ length of pulsed discharge fracturing under different hydrostatic pressure
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Fig. 13 The cracks’ length of pulsed discharge fracturing under different discharge voltage
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