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Dynamic damage characteristics of coal and rock mass under

shock wave pulsating load
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Abstract: To investigate the hydraulic load characteristics of high-voltage electric pulse shock waves in water, as well as the dynamic
damage features of coal rock mass subjected to their influence, true triaxial fracturing tests on coal-rock specimens have been carried out.
Under varied conditions of water pressure and discharge voltage, the investigation delved into attributes of water shock waves, including
peak pressures, impulsive loads, and loading velocities. Elucidating the correlation between the circumferential effective stress at the drill
hole periphery and the dynamic tensile strength of coal-rock mass. Furthermore, the study explored the relationships linking the initiation
stress and propagation angle of cracks in coal-rock mass with factors such as in-situ stress, water pressure, and electric pulse shocks. Based
on CT scans and the ABAQUS numerical simulation software,damage variables for coal rock mass with different hydraulic and electrical
parameters were calculate and then evaluate the dynamic damage and crack initiation and propagation morphologies and evolutionary

properties of coal rock mass. The results show that the peak pressure of the impulsive water shock increases rapidly with the amplification
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voltage and the water pressure, and the loading rate increases with the discharge voltage and decreases with the water pressure. Compared

to the change in water pressure, the change in discharge voltage has a larger effect on the peak pressure of the water shock and its loading

rate. The results of numerical simulations and laboratory tests are in good agreement and confirm each other from a microscopic point of

view. The damage variables of the coal rock mass, the degree of damage and cracking significantly increase, and the number of cracks,

length of extension, opening, and complexity change significantly with the water pressure and discharge voltage increase. Variations in the

discharge voltage have a particularly marked effect on the destruction of coal rock mass. The research results can provide guidance for

high electric pulse fracturing coal rock mass in water for efficient extraction of coalbed methane in China.

Key words: water shock wave; loading rate; damage variables; dynamic damage; high-voltage electric pulse hydraulic fracturing

0 35

hERZ RS LD ER R FEE, H6E)2
ek HAT AR FRALE 5 | 1B 15 R A% BURR S
S UL G i 2K ) R B AR AR 2 s o R v i
e 45 5 2% . A T L LR 1 kP, TR 5 YL 3R
BRI R, K R SGE AR (Bhr gk g
ZU) S TRy i 2 s AR R B g P Y, L % B
Tk R ZIE A Bkahk J1 R K AR ek
2000 KR R AT s e H bk p ok Ay R
A v R E ik oK O R 24 T ELAA K R R i B A
Ik BhK F1 R 24P AP sl 2k B n e, 2 8 T EIN Ak
WRE W) 2 K

B KT R e F kv s 4 A ik, K i 2
TR AR A O G g i =R AL, el
ok bt R EL AR, S B K R e R DK R A A B S
IE. B, B Se LR BT B AR R T R
FEL JDK R R B B R Z R, i R K
Fp v R Rk s R SR EE BB T BILAR BB A A AL, DLK I
B (b3 IR 2UVE FH 2 AN LR M, 7802 B
i JE WK BRI, (T Al S S A W 8 . kgL B
i, R B R AR BH G | P R ACR I H .
TE LS Al [ 32 A BN S AS [R] i H, H H R K R B3
WA AT TIRABESE, 5L FH CT F3 &
4t AN AL A BRFRAE 43 B 0 X R 2 WS AT R
R, 3 BN B LB S S5, 38 4
B ST T A % % RER A X R R e R R
1772 AT BAO 251 BT AR 20T 23 i it ok
e s FEL DK v SRR S AR ) Ik K B 7 A L TR
T2 5 RIS S . S LB R A7 22 P o B, I X ik
RO B 5 RO BT VT . (EZ, BRI
TR b i R K ORI S R B 5 R R
2 £ 85 X6 AN [) W 2 8 O H R K R ) R 1)
A S ME R A R i W LR A T by, = X
T i R H K VR T A R i sl A R HLEE L AR
FEOE . 305 PEH 9 AH G 5E

i

FEV RNy U S A A N A E L (TN (S & ST S e
AN 2405, GRADY 25UV 78 1980 4R 48 1 T %
AW R ENE 2 5 E NI EE TR T K E
(A IR, WY 3R A A A R S S B AR
S far g E R EE | 2B R | MRS P R A%
BBV CR . TR BAE - BFSE J7 T, 25
2l A im0 5 1k T R = BSR4 iR 5
Oy BRIE T ST ERAE R A A SRR R AR L AE
FBE R AL LA, 1942 2500 3 1 T R A 4 AR R AT
PRI I T AR D A AE S A iR TR ) 24k
RE PO SRR 8318 — 8 AT 456 b o e 3%
InZk s #8071, kR A 3 el i R A AR R AT
rhi iR B, L1250 Rl e 2R 0 5T TR
e 1 FS A RS [N ORI AR TE B LA, 45
IR F WP B 2 B i 228 2 23 A 1 RT3 s S
B3 202 gl R S) BRI ) F1 AR | B2
WEIRFRIE R LRSS A AT T b, ey TR —
e I AR SR 107 () R SRR A A M AR R AR 3] T fLAR
SER R ECY R b oy 8N B R 0 A . IR
R NEZ RN ERE T A A sh SRR E M
AR R TTHNIWEGE, A MR B A4 45 i R
AL T —E RS R, (EXT T R RO T 9 3h A
FAPE A i T 2E— 20 5T, PR, 253 Sl far 2 (i
7 I8 ) 1 PR B B R P 08 30 A6 A X VMR i R K
WAE R T A RS T/ HT T

AR, BUEBI S A SZ g0 A5 R BR 7T LA
BN R g N e N e N S S oo U e 20 Y By
SR B R A 5 Y, B B ) R T B
2P R AN 4 A A BROTG (ANSYS) il
B HOT(PRC™) BUB B A:, R A AR TE K e 1
TSGR 0 XY A T . #1155
L AT BT LS-DYNA B T 5 e v ik v
TR B AR, FERTE TR L L K%
R B E R T MRS 20 B KRR 43Ai i 6]
EAE L. X F A R T R ABAQUS, fie 2 H
LECAMPION" % Hirb i) XFEM A5 H ] THEBLK 77

205



2024 45 12 ]

# £ M FH K 5550 %

JEZER R, I H A #7105 Ak i 7K R T X 34
S R . A XFEM #E5, DAHI-TALEGH-
ANI 27280 53 AN T 220 4% 15 R SR 20 4 (R A A2 )
L, BT LB PT R E s GHOLAMI 267 il
MOHAMMADNEJAD 255 i 1 44 ¢ b 1 24 S
BEPL T FLERA B AR e a ) SR ), DA SR
T, B AR A 17 FH AT AR A A R B 2 |
PR AR A TR

N T WG IR BN B AR G B A 5 e
AT A AR TR) v o o R 3 | 2o o T
SRR AR RO . 2 e R R I R
YK AP R ok R BGRER, If RIHE B CT
B Xt A0 5 B ERE R A UEAT 1, e PR
FREZR IR MR . RIE T )
KR 7 B B 25 7 7 3 R~ A bk ek i ol (4 s 25 00 7
S R, 4 S RS SRR AE MY T L KR T
ok b in S5 Sl ey 2R R T 7 AR B R R I ] 1E W
O MBS AR 0, A AR, T CT 3
FGITEAR R F S50 R B EA PR 08 i, xR
[Fi) 7K St 2 i B8 R N 2805 R A A 0 AR
O ORI AT S . 55 AL H ABAQUS it
FPRUEHS, WO A BERF SR8 2L b R IB A
PGAT A ANZE AL, TR R Sh A A kA T
B WRITAS ST A R L oK o S S R S
VEBUCRE R Sh S LA 58 S A S /R

1 i HE G B Rk v R N i

TROFF 0 HEL 7K B0 B B H AR H S REFL 2
v, B T A A BB I A R K B LA e B S s I
AR AR . A BRI whs ) P AR S M B e
K HESE, FERTER . BFaE 2B, K i 1 ik ok
FCHL R, 45 B8 -3l 1B N R T B T 35 1 GPa, A 3K
VEFHIE BT 35 60 m 22471 LRI Jik oK 400t i
JEANE 1 PR o ARAE A JR 2 B EE, K B A
(B 1 Sk e Ay e R o
W
Poax =B % (1)
FH: P KURE I RTEEAEL N T, MPa; B0 G
WA RS R B, I LB 0.7; p J AR B, kg/m’s
W R TE K BE R K v B i, T 7 AR I
RS TE], s5 B SCHR [15] AT H17K 8008 6wy i 18] SR 7K 3%
B EFHRITT 10% WE{H-5 909% W AE i) 21 2 [8] B 8] )
1.25 4i%; T kb e & AL A], s.
e R P AR R AR AR L (B ) R T
206

P

B A e o AR R

Fig.1 Typical pulse water shock wave waveform
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Table 3 Water shock wave parameter table with different hydraulic and electrical

parameters (discharge voltage, water pressure)
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Fig.5 Water shock wave peak stress variation diagram
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strength of borehole sidewall of coal and rock mass
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Table 4 CT scan image results of coal and rock mass
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Table 5 Binarization image results of CT scanning of coal and rock mass
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Table 6 Damage of coal rock mass with single crack under different hydraulic and electrical parameters
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1-1-400 2221 2.0095 0.5250 2-1-400 10.672 8.0812 0.569 1 3-1-400 15952 93719  0.6299
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1-3-1000 7.746  2.8759 0.7292 2-3-1000 14.016 4.7250 0.733 4 3-3-1000 10.810 3.8402  0.7379
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Fig.9 Damage variables of coal caused by water shock waves

with different discharge voltages and water pressures
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Table 7 Numerical model parameters

B K SRR — e R
S sa opa WA TLBREE O

g-m°) MPa MPa
10710 111 03 0.1 1515 253 19.69

AL bR i AR A A i R o i N o =0,
8.41 MPa (ML J1 o FLIN /K& T EAZAEH T4 L

R AP AEL s 738 P A 28 W EA T I
{EL SRV = B fLR T, anldl 11 FoR .

(a) TR HAROUR R

10 FHRATE
Fig.10 Schematic diagram of prefabricated crack

(b) TR EUR =

8.41 MPa

EEEEEEENN
Bl Mg mEr&

Fig.11 Schematic diagram of in-situ stress confining
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Table 8 Damage of coal rock mass with single crack under different hydraulic and electrical parameters
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