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Research on Crack Depth Loss of Concrete Broken by High Voltage
Pulse Discharge Based on Orthogonal Design
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Abstract; To investigate the damage characteristics of concrete during high-voltage pulse discharge
fragmentation , three factors were taken into account;applied voltage , pulse number,and discharge e-
lectrode spacing,a series of tests were done using the orthogonal design approach to detect the crack
depth loss in high-voltage pulse discharge fractured concrete. The influence degree of various pa-
rameters on the cracks depth loss in concrete was determined using variance analysis method. The
experimental results show that the three factors affecting the crack depth loss of concrete,in de-
scending order,are applied voltage, pulse number, and discharge electrode gap. By changing the ap-
plied voltage and pulse number individually,the crack depth loss of concrete increases by 121. 5%
and 74. 8% ,respectively ; When the applied voltage is 324 kV and the pulse number is 5,the crack
depth loss of concrete caused by high-voltage pulse discharge is the largest. The research findings
can provide data support for the engineering application of high-voltage pulse crushing technology.

Key words: high voltage pulse discharge fragmentation ;crack depth loss;concrete ; fortification

YRS B EI: 2024 -09 - 13

E€WE . (L THYUTIT &S A RIEARIIIH (LIKMZ20220607 ) ; “ —f7 — " QU A A 38 i Ah E % 200 B ( DL2023006001L) ; 2k FH 2
TR B IR AA B S R1H155 H (1010147001246)

YEERIAY: e (1989—) B Wl Wi+ 300K 22 (1979—) EfEEH B, 80, i+ WA S,



92 % M

¥ I XK ¥ F Ik

% 44 %

REEHVE DR E S G TFEM R, B
T 3 B A A MU A | v R AR SR A A
SR el R AR Y Bl R R AR A P
Jr& B R T 458 RN 58 A A 1) R I e AR R
T v s e A AR T R B R i AR FH ik
RCREL 7 A T e i S A AR E T Y )
ARGV KR AT RED O PR T i
FEL BB AR TR 58 - 11 2o A EL 3 A 2, 2 i L e 3k SR
R R B2, P R LI i AN B

I i ] PN AR 22 23 0 e T Ik e e e 1 T
ARPEAT THIERFTE, k" HF5E T ARl e A (] B
T e R P e R A AR TR R S A R K R R
K EE R E 73 A7 A, R RE 2 LA [ FE AR 18 K TR
5 T W S ORI I RK R8N SRk Z- 380, [H]
A E I R e SR [ N7 N 1 Rl 7/ SR N |
Rl FE et KRR, Wang 251"V HEAT T K
IR A AR S 6 R BB 9, 2 BB LA A 388 K
AL R) BB A /0N, TR U5E - 2 BE A A IR S B K
100 KV JHCHL = A= () TR BE 1 b 24 4% 55 B =& 40 kV
(PAE LA I, 40 MPa 5 3 7= A5 1 TR BE + S44% 50 1
JE20 MPalt) 3/4 , [R5 0L FL R A 384 o, 24
A e JBE L SR A 22 8 %) B T ) 5 TR R A
FA) R R AR I 25 T3 P R RV 22 68 %) 448 o v A
WHEIN, BE R BE A SR A B AR I B A 3G,
Murakami %5 ] FH 155 HE Jok i e 4 AR S 7K R IR
Be AT T YRBRIZER | A PRIREE + 454 (A A AN
T ) LA BR KRR BE + B RE A 0, Lin
IR ABAQUS HUF#ESE T AR LAY
A BRI SR AR A for 2 A5 A5 AL T T
oI L 7 A e s G T i PR TR = 1145 M LA K
SARE) KRR | R IR AN A AR AN A
Vi) % PR o) 2 4 1) JR A LA, O HLA A ]
FE RN AR X 1 G 244 AL FL 1A 24 5% T BE 1 52 )
SR, DA AFSE R 5L 58 s 0 LA 5 A
JHCH F R S F R AR ] B R TR O e R A
FEES AT T IR BE - 0B SRR M 24 4 5 1, (A 25
HENHRITHRAI D RAEREBRIERN
6 B0 TR BEE 1= A4 BB 10 R B 1 — A SR B FE A, BEE
Vi) 427 b A B A A TR R - i 8 A Ak, B 24 2 R T i
IR VR IEE 5 B AR, )2 AR A
POEHRE P B AR AN ) RS (R TR B 1 i He 2 4 TR
HEFT T ARG, e G 450 0T 35 90% ., MR4EIE
SR T ELE AR AT A T TR i - A VR
RGN T 1k, 435 S R B U U4 BE 2 A o [
PS84 BT 7 % T DA R b G DR i+ 24 4% R

. Seher %11 Ry T 4 BT A4 A TR B - AR TR I
F A ks BEEEXT 15 cm x 15 cm x 60 cm IR
BT RAEAT T SRR SY, I A R I A SR A
Xof 8 7 Ik e Y a8 SR ) A A — i
Wi, B E T 3 At B A BT 4R T A R R DA
TR 7577 VL TR - P 2R 3 TR 797 5 T %) ) %
2, RIS G R FAESCA e Pk e 3 ir T
Y 75 X 7 0 28 2 T e %) R I X R A
PEEAE HIWT, 252 R A S 1Al B A TRt
PRI BEERE, 43 AT T A [F] 24 4% R B T A 4% 5
SEACTE T R A TR B - S BE TR 1, kIR L A TR
JE R B 2 e TR Bk = TR ) )22 M

25 L TIR ey Fe bk i Fe A AR R - ) LR
RS 1T — gk HAT A 17 22 Rl 0 [m)
T LT T LA R A S R A S TR e A R
MRG0 — > AR, A SO T IR A8 i 5 13
P53, k= RS, 3 b AS (6] 08 it H
JE DK I ESORT i R EE R ] BB S5 PR 2 %) R R ik i
FEL BB R TR 56 1 SR 53 R T2 461 2 1) 52 ), - o 8
ARG 30 5 T A AN (] DR 25 %o TR R - SR A TR
P4 R ) ) S 3 e DA S 3 v R VK e s H A R
WLEEAIESY | iR EE - e TR IS

1 REE T MR 2 42 IR A i 36

o R Jok e i P R e R R e D
1 R, R G FEH  F se A R (PR R 2
T, W45 D MHEBH R, 4HA%) Marx &A= 2% (FHHL
ek C U IF o6 K LR L A BH R I HO 25
Cs 21 ih 280 i F A /K TR BE SR HFR
AR SR oy AN, R AR P AT - BT AR 2
A I B A v Ik e 3 P R 1 1 o 2R I N
iE IR 1 ~10 cm AJ 18, HLASSOAHS
5 wF, i H ks i & A 2 2R G I e KA H L R
A[IR450 KV, BRIk ) fe R RE S HE R 100 T,
R R R CIEHFRE, JEE PR 7K GRAIE 58 4 VTR
HEH A, TREE RO AR 27 SRR EE
FRES, BN RST R 20 em x 20 cm x20 cm,

E1 SEKRBEEFRELTNERERER

Fig.1 Schematic diagram of the experimental system

for high voltage pulse discharge crushing concrete
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Fig.2 Diagrammatic sketch ofcrack depth

detectionexperiment system of concrete
S W) e DK o R B AR TR B - SR A TR R A R
PR R S ) T an
1) B fin e 5351 324 360 F1415 kV,
2) kg 1A 5 A9 A
3) o R AR B BE 23 55 R 3.5 1T em,
ARSCHERE Ly (3*) IE A R IEAT i F oK ik vy
RUCR R 15 - 24 B TR BZ 40 S 36 70, R 45 TR RO
) /K P-2H 5 AR AR 3 Uil o o P ik e e P g e
TREE L 2R B RIKG I R AR R 1,
x1 BERKTHBEERERELRERERK
RIWERKFER
Table 1 Experiment factor-level table for crack

depth loss of concrete broken by high

voltage pulse discharge
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Table 2 Orthogonal experiment table and results of

crack depth loss of L, (3*) crushed concrete
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Table 3 Sum of crack depth loss of concrete at

different levels mm
AT SR 0 2
K%
1 2 3
A 88.416 39.916 60. 252
B 45. 667 79. 834 63. 083
68. 751 55.250 64. 583
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Table 4 Average and range of crack depth loss of
concrete at different levels mm 281
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Fig.3 Crack depth loss of concrete under different

levels of factors
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Fig.4 Variation curves of crack depth loss of concrete

under different applied voltages
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Fig.5 Variation curves of crack depth loss of concrete

under different pulse numbers
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Table 5 Significance analysis
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