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Hydraulic fracture test of rock-like materials under uniaxial compression//XU Liqun', TAO Yuncheng', LIU
Detan' , DANZENG Chilie* ( 1. College of Water Conservancy and Hydropower Engineering, Hohai University, Nanjing
210098, China; 2. Jiangzi County Water Conservancy Bureauw in Tibet, Shigatse 857400, China)

Abstract: Self-made cement mortar was used as the rock-like materials to test the law of rock destruction under the
coupling effect of water pressure and uniaxial axial compression. Under the premise of steady hydrostatic loading speed and
axial pressure, cube specimens of different material strengths and sizes with prefabricated cracks in the center were made to
perform hydraulic fracture tests by a self-developed hydraulic pressure and axial compression device. The results show that
the axial compression loading direction has some influence on the crack initiation angles, and the rising of the internal water
pressure is positively correlated with the strength of the specimen at a steady hydrostatic loading rate. The axial compression
loading direction, whether parallel or vertical to the prefabricated cracks, can accelerate the rising of internal water
pressure. The critical internal water pressure of hydraulic fracture is positively correlated with the strength of the specimen.
The axial compression loading direction has a greater effect on the hydraulic fracture of a specimen with a single crack.
When the axial compression direction is perpendicular to the direction of the prefabricated fracture, the crack initiation is
inhibited. On the contrary, when the axial compression direction is parallel to the prefabricated fracture direction, the crack
cracking is promoted.

Key words: rock-like materials; hydraulic fracture; uniaxial compression; critical internal water pressure; experimental
study

KRR F K S A T Bk LR 35) Jr i i 6 L )2

(J1%9) J5 i, SO T e 40

Hyra: kR BUEEY I E SRR, AR K T
B SUR A RBTNRS TR  — A BB
JZ T A IR KA TR V%?Hi&‘l:i
B M AR T AR, T AOK T B 2L
W) TRRR SR A 2 T RIS ?JTJT%"FI
*%$E@E‘1$7kﬁﬂ*§”lﬂm_m— AR fifp 2R 18 M R
H AT, 7K B 20T 5T 22 46 rh e il <O TR 5 L 7'3
75T Eﬂﬁ?ﬁta@fﬁﬁﬁmﬁ’ﬁ*ﬂﬁﬁﬁ?ﬁ
PR X S BRIB T AR 0 A 1) TR 12 G

HETH . BR ARPEH ST R84 (51509079)

PIARSC RIS, 07K 7 B 240 R A AR B i) 22 0 KL
T BIRHLEE REBE T 25 T2 PR RE RO TR A o ik
— WA

7J<jj’3¢‘f’”ﬁﬁﬁﬁﬂi o ) 52 30 A R A o
BRI AAEAY | R O B AL B BAE T AR & KK
A INAGE ARG LE R AL B IR . A Aok T B
T 22 BOR T IR T ASE L0 TR R A A Ay AL 32
PR R T3 3 22 77 A B 1) 7 jj HA R )
RS BIOUHFR Sl X BR A , 75 B TR o AR 4% 18]

YEE AN ARTIBE(1983—) , 55 B 1, 2 K T 85408 s il 5 4 B R 855 R HLIEIFSY . E-mail : xuliqun6. 2@ 163. com
- 28 - KA K A B 2018 ,38(4)  Tel:025 -83786335  E-mail :j2@ hhu. edu. cn  hitp ://www. hehaiqikan. cn



TPREEAE AN, HOR REAR 4 M 48L TR 52 BR
T, Qa7 7 AT | BV FH 37 05 AR sl T IR RE A
T 3 ANJ7 1) B S7 g, LAB B B 2 F TR S B
(=5 R S35 5 2R SR RO o R R
B 5 T IR K T B 5 I FOK R A8 T 3%
poRE OB sy = A

[l N A7 6 e A0 SIS A AR I B SR o
N OL ) T (DO S =Y el A Lo & W ol
A G e A RE R i B RN 205 TR R 5 B
P IF Z B OCFR o TR FH AL 7 IR A A A 52 R
ZEP XA RAE R RS TT BB 24 | 0 T BRL Al
FEARARAS T WA MoK 1B e b o S5 W 1R
BAELET LA Z Fh it — 5 RS B &, 5o
BN JPIRAS T 097K 1 B 2R A H S

AR SR AN J7 1) 1) Bl 4 5 288 A IO R
TR T BF54E RS A 5T, >R HIAH A Tl SR 4 1 1F 7
R T AR AT ALK A R A R far 20K
5, UARWHARESR BE far gl R/ ngor SRR S
B SIG FLK T RN B DT B Z [ R OG R
1 REEERIAE
1.1 RWEH

TRI R F R R 5 A T 7k B TR S0 e
A BRS FIHAA R A R = I & =S R 58,
RE W SRS R KEA ] | R
EEET AR, T SNBSS R R A . KR
BRI E R H F RO TR K R B2,
SR FHAE AN [] 1) PR S22 AR e R A 7 X2 3 B, 7K %
BIROR R A, PRI R 257K T 4540 5250 2 1 F
Rl T RERISHLIM BN 7, 218455 M B R4
KRN AR E A
1.2 iXHEH&E

HH TR AR [F] TR AN | /DN 2 ) R 4R
wraXEREE R, B A R U S B2, S AR
JZ P BT 2 AR WOR PR A SR il ViR 1
A AR R T IRE AR X R 7E R —
AP HAGRAN T 3 HEAS[A]a8 B AR | DUAH A S8 4R 97 3
SREESEH ey M7.5 M10 M15, BLA L IR 1,

1 KEBERERESL

SR BE A L JKYE B KB B Z b IKVERRZ
M7.5 1:4.91:0.87 P.C32.5R
M10 1:4.23:0.53 P.C42.5R
Mi1 1:4.01:0.79 P.C 42.5R

TR /K Ve R mU T e A R KR A PR
A PERMEIE M P C 32.5R 5 P. C 42.5R E & hE
R EL K UE s b F R HAib , i KR4/ T 0. 35 mm

KA Kb AR 2018,38(4)  Tel:025 - 83786335

AR s KBRS R IK

FE BRSO 5 KA A G (HAE A
B Xt e (I 7 i A AR T R M AT B s e T
WIRE Y RO RO I E AN i R i B8 i)l 43l
AR RS [ 0338, T 20
TR 1 Frz 1R v A T 24 4% 249 30 5 7E AR 2L A T
HhC 7 B R T AL 4 L PP B — i R T TRIR Y9
Fo I B, AR iR A B BRI R S B R IR s —
Ry v (1) B 25 T i) A4 4% | 24454 50 mm, B 2 mm,
A4 70, 7 mm 09 5200 57 77 04, H T
IR BT R B S B R i

150

|
|
|
L | _
/7 =
S TR S
s Q
5
150
(a) 1 ZiHf

150

),
,/
(=
e
R e
I L L

/~ Tk 2egs
’ \‘3Q

300
(b) 11Kk

1T IR ERREE (R mm)

1.3 HIERE

P SRS K T g WU R AR, T A E
o0 s 3 PR S 2 BT o P 1], A 3 T 7 2R
AR R 5 T AN AR I A RS S R ARG %
T AR R W 7 21 5] TR IR — R SRR I, e 2 %
SRR B . B T R L
FIANAR 388 e B s 0N AR Uk 52 s T ARl 46
N T S2 b 1) i

2 WA E

Xt I 2 A R A7 T e it B B B i i X 6
1, OV BIE A 2558 2 25 Gl RE D S B 7
SR IREP IR DR B LA R RN
AR R R AS T @R T T B L
TN E IR IR B B , FEKHE L AN =S
AT B ENRIE ; O XA T KR T, £
Rras A6 N K TR 80 FE AR TR] , B 1 s a0 %

E-mail ;jz@ hhu. edu. cn hitp : //www. hehaigikan. cn - 29 -



1 RNK R IHE , B2 B AR 5 45 1R

S T WRFEAAREAEAN [V Bl ] R A T SRR 1)
I LK 7 5 8 3R 20, AS 25 5 1B e, 2R FH AR TR) R
st SRR B BIREEAT 3 40 RS . DA R
1 283K, et 3 /E T @B 4R T 2830k,
) R 05 ) 5 A E AT BC 4R A T2
FE Bl 0 ) 5 R E 1 L, A4 TR
e 2 fis .,

(a) A

(b) B4
2 AR

BRI 2 KR T T SR I S R B
ZLA IR KA AKB 1 IR DU 24 | Rl s
7K R T PR T R 2 420 T2, L4 H) 2R WA
KAHEIK B RN | 7 A B AR T 2R 5l R 5 2E i
4 P RUBY S T BB B K E . WA A2-1
RIS, NAKE ST 1008 s IFAY 1. 635 MPa 3R [ &
1009 s 0. 29 MPa, A #EWr i FE7E 1008 ~ 1009 s Bif
(B A T /K I8 54 2R e AR 7K 00 8% 24 R i
MG SR JI{E R 1. 635 MPa,
3 KRERSHH
3.1 K EESIT

3 2 12 N URE A 7K 07 B 0T L i 46 45

RUNFR 2 P,
2 ANBHRBERG

(c) CA

o m AT irfﬁ‘% T O < S
A Py HT?EE‘? T}LEE & RJ o gt KRS

f./ MPa f,/MPa o,/MPa o;/MPa /s P./MPa
A-1-1 M7.5 8.30 0.91 0 0 1397 1.580
A-12 M7.5 8.30 0.91 0 0 1143 1.498
A-2-1 MI10 11.15 1.28 0 0 1008 1.635
A-22 MI0 11.15 1.28 0 0 935 1.604
A-3-1 MI5 17.48 2.07 0 0 720 1.969
A-32 MI5S 17.48 2.07 0 0 574 1.914
B-1-1 M7.5 8.30 0.91 0 0. 382 1.161
B-2-1 M10 11.15 1.28 0 0. 349 1.288
B-3-1 MI15 17.48 2.07 0 0. 527 1.735
C-1-1 M7.5 8.30 0.91 0.2 0 987 2.012
C2-1 M10 11.15 1.28 0.2 0 576 2.094
C3-1 M15 17.48 2.07 0.2 0 231 2.495

3.2 ABBRWBASHEREXR

R F 1 2207 A B SR R S5 K T B 2

T P I S B SROK et AT Bk . AR AR I g 9 JRE TR 1
B Al VR TR K 0 BF RN R T 1 B R
B (SR IFRI LB L) | Tewin $2H A Z4E AR R
[l 2 20
K, =K, (1)

oK, Ry ik F RSB Y N ) 5 B PR - MIN/m™2
K\ AR AT R B, MN/m™?

FPRERE ] A S P AR AT BRAEE A,
RS2 IR O 3 B

ai

Ll

PI 0

B3 RXEZHTEE
3.2.1 FRISMEREGIE AR (A LKHE)

A AR 2B R T 32 YA KR ) P el
Hoy=0,=0,7, =0, KRN 58 %N T K, i1
RN

K, =F,P/7a (2)
e HPEREER m; F) O SRR IR
SHRR S B R, AR SRR [ 31 ] 5 rp b SRR R P Al )
N YR R R R R AR F =10 158

A IRFEAK T 8% 2405 IR s T4l 1 AL T 24 IR
Baral(1) 52 (2) I A 41 3 FioR ] 5 B IR
Wr IR K, o R SCHR 32 ] ik ge £ 617 %0 L
OIAT MRS A R R T 58 B R SR ) R
MR o A AURE 5 3Gk 32 ] 193K
TR K A f, PSSR AN 4 s

= A SCIFE (751150 mm)

o SCHR[32]0FE (77100 mm)
L6, *SCHRL32] AAFE (15140 mm)

1.4+¢
1.2+
1.0+
0.8+
0.6}~

Kic/(MN-m™?)

04r

0120 1‘0 ZIO 36 4‘0 5I0 6IO 7‘0 8I0
f./MPa
B4 [IRHAFYEERERETLXR
TR SR AR 5 i | JE A R DU R A1)

- 30 - KA K A B 2018 ,38(4)  Tel:025 -83786335  E-mail :j2@ hhu. edu. cn  hitp ://www. hehaiqikan. cn



() = 5 R 9 T YRR - D 44 1 RSk
I KA, A v B A i VL 9 1 T 24 1
BHZE, T KIeRPHRFE B R H) B B R
iU E PN TES N T N O SR I E iU =
FERFIE R 10 mm, KA AREA% 2. 8%, A 41
TREE (7 150 mm) 5 3CHR [ 32 ] 7 B 40 mm 3R EE 142
AR LA L, A 22 110 mm, W7 2B R AR
35.3% 456 SCHR[ 32 ] BTk Rl

SCHR [32 ] il 50 i A SR ML D, e KRR
1.2 mm,A éﬂﬁtﬁé%ﬁﬁéﬂﬂ@, & RRiAE R 0.35 mm,
WA AUAFERT SR RN, 0 RED T A
B X TRCA L RST  F2 9745 45 1 24 48 [A] 1 3
FE SR FHANRD 55 R0 1 5 08 7K U8 b S A 0 1 ik
HETE 3 ~4.3 5200, Xt ToREEH M7.5 . M10
FIMILS (4 A 4R, BiHE SR B 400 o SR [ 32 ] i
40 mm IFERD4. 07 1% 4. 28 5 F1 4. 01 5,76 3 ~4.3
8], HE RSN, AT A 4R B R 5 AT
A SCHR[ 35 ] rak A iR IR A nT e
3.2.2 HhmEA @5 ek 6 AT (B 4KAE)

B 4HilHEZ 4 )0, =0 H o, #0,7,, =0,
R S RSB v s R LI IER T o, H3
NKIES PLBTI 1 7, =0, HR4E 2 BT 2 ) 22 1Y
USRI R RS A U S VK i e
K, RN N

K, =0,/ma (3)

R 55 4 ) AT Rl ) TR D) o, 5 A2 i 1) o
JIRBE R T IO HZ A (3) AT, 5 A HFER =2
JIARIA] e IRET G S R P, RARSE . SRS 45
SRR, Bl F ) ARG KR ) P, REAG, H
TR (A A R SR i b, 158 BH 1 7 5 2 DRl B 7E 3
FRERIRIE O FEAREAR 4 S e EL S E BE . BbAh 2
I e IS oy 4K 0.2 MPa IF B 414116 F K
JEJ7 P, 3 A HREAR A B A K Tk 1) A2 T2 5 1 1Y
O3 1 P IR BE RNl 1) R X IR A2 A
B, MRPEE3 T A5 B 4GRS 88, xF
Lt 3 b A9iRE R I B AR KR AY I FUK IR S8
A HiRFESY I FRE T 24.56% 20. 49% F1 10. 66% .,

A MR R 4 7 A 1 R 48 ) 3Tl
], 5 2 ARL, T S A% A0 2552 Bl BTl ) R
WAN LS EA A I R X 37 R Y VA e L
B R 7 oy B 1) T 48 1) — B il e
71 oy XK IR RLEARHEH

HRAE Griffith PSR h SR AF 7 —Se Y
Bl s B, 20 ) KB — AR B 3 S S R A
SR UG R R I v 52 0 ) 4 VR R AR
W kR, AT TE 2, AE B AU Rl

FEFIHE/IN A S DAERAE i 24 B s s i e TP 24 (H
FAFAEXT RG] R 7, 330RE BT DL (U AE — A b
] 37 FE (0 R AT, 24 2448 P K R 7 3% i K, A4
T2 3]l R ENER D, S 802 R
FEICRR, M FEEA 7K e 7 1 RN T3 1) 284 4% 2 vty [
WIE: U RE:E )12 W 4E B A
3.2.3 HmEA G @5 5uk A G E A (C AiKA)

C AR 248 22 1 32 ¥4 oK R ) P Al &
J1 o, #0 H o, =0, 2488 Rm 0 158 B H T K, 115
N

Klelpﬁ_on'lm (4)

X F, 5 SR RN R A DG 85, AR i
SCHR[ 2 ] HhoC SRR AR T AR ) 8, ) 3 88 - 115
D5k, kA3 F,=1.055,F,=1. 143,

MRAEF 2 W 2IG ALK R P, gE , R 2
(2) MR (4) AT B AT A C 4 3 Flam B RE Y
S R T4 91 R 0. 499 MN/m™? 0. 526 MN/m™? |
0. 630 MN/m*? #l 0. 531 MN/m*? 0. 554 MN/m*?
0. 673 MN/m™? , A UL =0, 58 88 PR -3 153 2 SR 42
FXHRZETE 6% 247, U B X 5 B2 50 /N 2825 A 1A
B, 32 177 AR RSEAR R B, 4K TH )R s 28 4% K
JIEFBEARE R A bt B AR A BRI AR TR
3.3 KNBREFRKENSSBHEENXR

PR R B P B £ K 155 4 K R
I P, AT LA SRR S i, IREREE RIS
JEE R, T (R A PR 5 8 A P KRR 7 K, i
KISy P, B URE B 7 o B 34 K i R, X R4l
WFE I A KE T PRI Pois > Poano > P s TR
X IRR R AR, B2 R T 24 4 5k 1) S5 il )
JETJ7 oy JrFAT  FE MR /R T 2 445
Ui R AZATAMARLN I, B 5 3 AR AR, Rt B 413K
FEEF SAREIRI A ALK R 0 A, C 4 ik it o 1%
i) FE 55 35 A PN K R T B T, A 10 4 4% s 4R
FH,5 A d1Rl5E A FL i, C AR i IR 5 22
KGR B0 oK 8, XA Rl 4 A )

- 4
e éﬁ% ¥=0.43075x+1.588 67
5L +cAl .
¥=0356 53x+1.19373

§ 20f 4" |//
= P - //»/
& 15F o+ =050601x+0.67613

10p—

0.5 10 15 20 25 30
Ji/MPa

BS5 BARXBEKNBRIGEFKENESHBEEXR

KA K A B 2018 ,38(4)  Tel:025 -83786335  E-mail :j2@ hhu. edu. cn  hitp ://www. hehaiqikan. cn - 31 -



SRS IR FKIETT P, IR P >P , >P  RIRLEE
3.4 RAEBERBAAKINT

K I BF R 43 S ORIV J) (A 4 L
(B C 4L) PRI 388 AR AR AN R 45 R 7
AR IR PRI B B LSS, A DA% 2H 1A
WESEEA—ZH(E 6) (HRAFTEMBE ],

(O CABEEIH (o) WAHIEFIL
B6 itk NBRMTRS

FH T A 24 A B 1) R ) 5% R RE Y R R Y
), X R A AIE 5 T Ay 2 A o 1 4 4 06 22 ) B
S RS R IR A 2 BURE 2 A 4 M\ DS i Ak T
WRY R, B 4 TH 55 P 4% i R B T [ — L,
AT WS 20 35 R K B AR 5 AL B 2 i
51 48 T AN A, AR R 0 K
F/NHEFNIFE K 6,.>60,>6, . A B HLIKE LAk T
B T IR A B S e 2R o e R e KT
ARG e B AR O AR R 45 & 0150 € 41K
FE R A 2ART, AT E B R AT 1% 51 54 4% A 7K AL
e H IR U AR 2R P | B 2 T
WA RS ST,

3 IR A T LR far 2B R, A
ZHUMWER, JET 1 L, ARG IR N 7 N,
PRIG EREmIYIN S 7, =0, A R IER J] o, 7705
T 24486 10 3 1, A 0=0°, iCHZLENIK
JE15 R R IER J1 R o, ¥« #15 o, 7
T,y S o, VAT, Sl mERMmEA DT
FIEE

a. X A 4R SRR K 1B SE H i 44k K
51,0, BIR o, BTSN, NER
SR S5 FLBR oA AN 58 4 A [R) , BORE 5 B o0 A A7 A
YT im 2z , T B R BE P v B B T 10 A3 TR [ 38
o, THAE y i 2ES, B XM 0 — Bt
AR 00 (B EA B4R T 00,

b. XF B 415, i ik, o,>0,0=0°,
o,<0,x J AFAE R 0 AR TE (R4 ) ,y .z 7 a4
MNAFFEIE AR (P75 ) |, Pl 2448 7E y o7 ) 32 3|

PN IVER P IERS o, NG 1R o, 105 A
I o, FrI0 5y Rl 0 SE 40 A B 6
WL T 00,

c. X T CHRE MimES o 5y HES, o
o, MG No,, BT o, 5o, KM 180°,
s A R A L, o, Jr 145y Bl ] e 5 5K
A 0 Ik,

R4 C ALFEREIR G B A T, Y7 5 24 4%
A A1 BT AFTE— 2 K/ N R o) ) 3R
A BT B 2L T REAFAE — 8 IBRAF 45 &
F1o B FIREERR I A 1 aURE PN AE A — i B
B, QAN A A% | 25 sl R 55 1T, 76 R 2B K ) B 54
DR S T i) T 3 e SR PN 3 55 4 A ) AR
&, Bl TR ES o, BPEH, REERIRR R S
A 52 # — e BRI, 1T 6 3 SO B 24 E /NS 4
S8R JEEAF X A8 I DX 08 A 50 4 W T, AT ol 45 5 24
IR IE B AP AEIRAT LS & 1 . BRAFES & 1 5w
JEH o, 72 S HMUBA 5 ot — 1%

3.5 IRESABRETRENKENNESH

HRAE K = 0 G — 3 5250 R G rh K R 5L
P sk, BERR 20 s ISR & 7 fos | alRe i
AR K R S R ST Tk« S” E, BF 24 i it
B TR 5 A 14 K 4, K 0 B I BEK R P,
BEIAE TR B A3 R R, o B-3-1 g0 A & B
TR R A NG R B SR R A D R
B E NN RSB W BN KR T b T R
18 BEZI TR BAREE B IR A I K R R
FCIAE, T BRI ASER , SO B-3-1 B,

IKUCHB IR BB 0 B A, AR e bR, —
BRI IE A C O 2, ARG MR o, 7Ed4E
PR S AR R I BT, SRR o, 344 sk TR AR
TE /)N, RS  25 (R BE /I 76 N 7K R T 480 A
EMIEBL T, /K B TR s s PR, AT RE7E
JELHIE] P T I LK 7, BT LA 54 1 e Rl R
SR JEE R R B A, X [ 4L R, BY 24 7 B IR A
by 5 >tyno >ts I RLAE

TR IR T 28 AR, iR A A T
] FE R VR AR B4, iRl 1) fin P s, 7E
TRE Y P ER 2= R AR B ARTE o el T e VR
TR W FE 10T, TR 8 2 R R A 1) AR, of
A — 7 (R >Fe BEL 1k PR30 (%) 8 1] A2 T, DA T - 380
TRRE I EBAL T =40 TR

XFF B AR 5, i) 24 4% it 2 A 1 32
1], 24548 100 AP AE KR I VE I, 2448 3 i b
AURD I AL T =2 N FIRAS 1M A 4R FE R aE R
TATRD S ST AL A - 5 ) R R RS i B AR 7R Y

<32 . KA K A B 2018 ,38(4)  Tel:025 -83786335  E-mail :j2@ hhu. edu. cn  hitp ://www. hehaiqikan. cn



20+ Al R 157 Bl 250 - * Gl
A2 ] + B2-1 X l v C-2-1
M A2-1 | J b ' 20l y »C3-1
2 e A2 sl ] 4 y { ’ &
{ ] v oA 1.0} X <
= o A3l Iy = s 15¢ s
E 10f«A32 [ ¢+ Ju 7 E £ E F 7 14'
< h ; ; -- 7 y = o5l Ve L 1.0 ] F
05 o “ * P £ Ja v ‘4
T Fd & o vv f A& .,.' 05¢ o 4
P e A o &
o~ AAC >
n L L L ) P o =l . , . . .
0 200 400 600 800 1000 1200 1400 0 100 200 300 400 0 200 400 600 800 1000
t/s t/s tls
(a) AZHIRFE (b) B (c) CARKE
200 * Al . 250 A2l 25 * sral
v A-1-2 4 o A-2-2 < A-32
o B-1-1 s , | aB2-1 ¥ | N O N | N
sl e F . 200 1050 ) 2.0 / P
= : DAY S 15} | £l S 15} J ] 7
2 1.0 : : ¥ g 4 : 'd g o !
T J P b4 1ot {7 J ! <10t r I 7
05t/ e Loy £ i ' o4
{ ) ’ 0.5¢ PR P 05+ L#
s ¢ A f Lo o ol o
s ; ] , , , > »*i”i::“‘,‘"' L p
0 200 400 600 800 1000 1200 1400 0 200 400 600 800 1000 1200 0 200 400 600 800
t/s t/s t/s
() M7. 53 5 i (e) MIOBEEERAE () M1578 %

B 7 {EERIKIE SRR 2k

KR IR T B ) 9 0 5K AR T | B LA PR 7K R )
ETREER BRI R, X T C I, T
a] 3 5 K R 05 1 AR B, AT T 2488 4 e 5k
FEASTEIVE T, B LA K ) TSP B 24 g il o
S, AR, XN TR A A [m] 5k R B 2
DIbt IR ¢, >t >t, BIRRAEE

4 4 &

a. B RIS AT R RE R K ) B I
FOKETT P, RN RS B IEAH G, Bl R 007
] %o LRSS K T B B2 K, XY it ) R ) Dy el
S48 n) T ELI 0T RLEE T S TR 7K 7 BF
I S K R P, Tt s AR, Bl ) R 0 1) 5 44856
] AT, X B T 24 (R A E A

b. ASCRERIK 1B T 1 RSB 4L )
JE a7 A R AR R R B 0 1 — 5
M, 3 RIS KA T 0.>60,>0,, 45l E 1 )
5B AT, 2 7K 7 B LB B 24 T AT HEAS
SERWH AETE VR RGBT

c. KNEFRIGFKES P, 54l &1 mE 05
25 UIAH G, Rl BE XA 1 P, IR P >P >P ., 1
FUEE BTN ¢, >0, >, HORLAEE

d. R PR R OR A NK R T P Y T
R RE R K YRR A R A e 5 R R TR AR G, M K
JE 7 BT SR R B R AR OG . S b, Bl R )
J5 [ TCie 2 5 T 244 5k w4 T R 1 1, ol
WK BRI

KA AR A B R 2018 ,38(4)

S E Lk

(1] PR, skiioe. FAoK % e [ M. RS . 14 rg 283
Refth kL, 1995,

[2 ] H#& i 08, 2586 E T s iR Bk 00K
TS RARF LR [T ], K] K v B HL 3 B, 2013, 33
(2):8794. (GAN Lei, SHEN Zhenzhong, XU Liqun.
Review on hydraulic fracture in high concrete dam under
multi-field coupling conditions [ J]. Advances in Science
and Technology of Water Resources,2013,33(2) .87-94.
(in Chinese) )

[ 3] FRA, AR, LA ILGHEK )85 2452 0 K K 73 B
(3] RFK LR HE JE,2007,27 (5) :4246. (WANG
Junjie, ZHU Jungao. Influence factors on hydraulic
fracturing in central core of earth-rock dam[ J]. Advances
in Science and Technology of Water Resources,2007,27
(5) :42-46. (in Chinese) )

[ 4] REL L, K AR, B 240 008 1 U0 R ) 4R
ASHIFEL ). A2 2 4 (AR RHE ) L 199725
(2):8-14 (ZHU Sheng, GU Ganchen, BAI Yongnian.
Improvement of stress in earth dam by splitting grouting
[J]. Journal of Hohai University ( Natural Sciences),
1997,25(2) :8-14. (in Chinese) )

[ 5] WIFE, BERPE. LRLOHRIUK ) B 282 ma I 3% i 52
LI e R 24l ( HAR R 1) ,2000,28(3) 1 1-6.
(ZENG Kaihua, YIN Zongze. Factors affecting hydraulic
fracturing of high earth core dams[ J]. Journal of Hohai
University ( Natural Sciences ), 2000,28 (3):1-6. (in
Chinese) )

[6] B&E B HEE. mAAET KSR ©
IKITBEZRIHT[T]. A4 125 TR 22 4, 2005, 24
(7):1226-1230. ( SHENG Jinchang, ZHAO Jian, SU

Tel:025 -83786335  E-mail ;jz@ hhu. edu. cn hitp ://www. hehaigikan. cn +33.



[7

[8

[9

[10

(1

(12

[13

[14

[15

[16

[17

.34 .

Baoyu. Analysis of hydraulic fracturing in hydraulic
tunnels under high water pressure[ J]. Chinese Journal of
Rock Mechanics and Engineering, 2005, 24 (7)) : 1226-
1230. (in Chinese) )

] SRPNED, 2R, A A A UK T B R A L
BARGRER 5T T]. &+ TR, 2005,27 (11) 1 1277-
1281. ( ZHANG Bingyin, LI Na, LI Quanming, et al.
Mechanism analysis and model test of hydraulic fracturing
in embankment dams[ J]. Chinese Journal of Geotechnical
Engineering,2005,27(11) :1277-1281. (in Chinese) )

] ANDREEV G E. Brittle failure of rock materials: test
results and constitutive models [ M ]. Rotterdam: A. A.
Balkema, 1995.

] PATER C J D, GROENENBOOM J,DAM D B Vet al.
Active seismic monitoring of hydraulic fractures in
laboratory experiments[ J]. International Journal of Rock
Mechanics & Mining Sciences, 2001, 38(6) :777-785.

] MRS ARG ROT I, 55 A ARG R B Ui S 1 )

M HT 1], A+ TR %4, 2001,23 (4) :489-493.

(YANG Tianhong, TANG Chunan,ZHU Wancheng, et al.

Coupling analysis of seepage and stresses inrock failure

process [ J ]. Chinese Journal Geotechnical Enginerring,

2001,23(4) :489-493. (in Chinese) )

AL, A A OK g B AR 5 A 1 30 A A B

MU [T]. A 15 5 TR 52z, 2007, 26 (6) -

1173-1181. ( ZHAN Meili, CEN Jian. Experimental and

analytical study on hydraulic fracturing of cylinder sample

[T ]. of Rock Mechanics

Engineering,2007,26(6) :1173-1181. (in Chinese) )

WA U R RBUA ORI R R SRR [T ]. A

F12#,2004,25(2) :330-336. ( XIE Xinghua, SU Baoyu.

Areview of fracture rock hydraulic fracturing research[ J].

Rock and Soil Mechanics, 2004, 25 (2) : 330-336. (in

Chinese) )

] EREP e T R AR BRI TE[ )] R
W5 28 4 T72 2 ), 2006, 23 (4) ; 480-484. ( WANG
Guoging, XIE Xinghua, SU Baoyu. Experimental study of

[

Chinese  Journal and

[

hydraulic fracturing of rock mass[ J]. Journal of Mining and
Safety Engineering,2006,23(4) :480-484. (in Chinese) )

] A AR T B AL K B AR SE [ D]
P TR R, 2004,

] STOECKHERT F, MOLENDA M, BRENNE S, et al.
Fracture propagation in sandstone and slate: laboratory
experiments, acoustic emissions and fracture mechanics
[J]. Journal of Rock Mechanics and Geotechnical
Engineering,2015,7(3) :237-249.

] SALIMZADEH S, PALUSZNY A, ZIMMERMAN R W.
Three-dimensional poroelastic effects during hydraulic
fracturing in permeable rocks|[ J]. International Journal of
Solids & Structures,2017,108 ;153-163.

1 PR RN AT bR, =R T R 9 TR 1 kR
Feme R[] K A 2 412, 2014, 45 (3) = 360-367.
(GAO Danying, SONG Shuaiqi, YANG Lin. Performance

KA K AR 201838 (4)

[18]

[19

[

(20]

(21]

[22]

[23

[

(24]

[25]

[26]

and failure criteria for plastic concrete under true tri-axial
compressive stress[ J]. Journal of Hydraulic Engineering,
2014,45(3) :360-367. (in Chinese) )

HE WO, T, 4. POREEIREE L 45K 1 B 240K
Kol 1] A FUKHLRHEEE  2017,37 (4) :3035. (GAN
Lei, SHEN Xinzhe, WANG Rui, et

fracturing test of concrete structures with single crack[ J].

al. Hydraulic

Advances in Science and Technology of Water Resources,
2017,37(4) :30-35. (in Chinese) )

W25 TRk, T S5 SRR IR BE L 45 H K
FIBFZERI AT T [ )] i R 4 (A AR R
2018,46 (1) :72-77. (ZENG Yitao, SHEN Zhenzhong,
GAN Lei, et al. Experimental study on the hydraulic
fracture of concrete structure under bending stress[ ] ].
Journal of Hohai University ( Natural Sciences) ,2018,46
(1) :72-77. (in Chinese) )

2R SR AT S0, AR A REBUK T BT S
I Fk R 1], A4 J1%%,2005,26 (8) :1216-1220.
(LI Zongli, ZHANG Hongchao, REN Qingwen, et al.
Analysis of hydraulic fracturing and calculation of critical
internal water pressure of rock fracture[ J]. Rock and Soil
Mechanics ,2005,26(8) :1216-1220. (in Chinese) )

R M. FAOK T BE SN 5T B FLAE TR = LA
Fasg B [ D] R 5 TR, 2005.

EAE. BRRIUR R4 T 2B ) 2 R
FELD]. HHS : PIFE A K ,2014.

BRSO, WETE A e e RN A T O BRI
BILT]. DU RS B S 4l 1982 (1) : 45-54. (YAO
Zanxun, ZHANG Hanxing. The fracture mechanism of
brittle rock under uni-directional compression[ J]. Journal
of Wuhan University of Science and Technology, 1982
(1) :45-54. (in Chinese) )

AORSE TGS BT TR 2R 2 A £ AR
WS A 1] BRI R R = Rk (A AR
2010,25 (1):67-71. (YI Yongliang, CAO Ping, PU
Chengzhi. Fracture experiment and analysis of rock-like
material with prefabricated-fissures under static loading
(]
Technology ( Natural Science Edition) ,2010,25(1) :67-
71. (in Chinese) )

B RRLL R R, A R K TR I AR OC 2R 1 BB
FE[J]. IKAI#42,2007,38 (2) :217-220. (CHANG Liuhong,

CHEN Jiankang. Experimental study on constitutive relation

Journal of Hunan University of Science and

of cement mortar[ J . Journal of Hydraulic Engineering,2007,
38(2) :217-220 (in Chinese) )
SMES ERE, AR, 55 K URHD IR Sh 2%l 1] B A Ay
KRBT [J]. EARTRR,2012,45(1) :13-22.
(WU Shengxing, WANG Yao, ZHOU Jikai, et al.
Experimental study of dynamic axial tensile constitutive
relationship for mortar [ J ].
Journal ,2012,45(1) :13-22. (in Chinese) )

(T35 43 )

China Civil Engineering

Tel:025 -83786335  E-mail ;jz@ hhu. edu. cn hitp ://www. hehaigikan. cn



A. Mathematical, Physical and Engineering Sciences,
1945 ,183:405-435.

[10] KRAJCINOVIC D,MANUEL A G S. Statistical aspects of
the continuous damage theory[ J]. International Journal of
Solids and Structures,1982,18(7) :551-562.

[11] BREYSSE D. Probabilistic formulation of damage-evolution
law of cementious composites [ J . Journal of Engineering
Mechanics,1990,116(7) :1489-1511.

[12] KANDARPA S,KIRKNER D J,SPENCER B F. Stochastic
damage model for brittle materials subjected to monotonic
loading [ J]. Journal of Engineering Mechanics, 1996,
(8).:788-795.

[13] 2K, sk Hom IR BE L BEDLIM AR C R [J]. [P R
2245 ( BERRMER) ,2001,29(10) :1135-1141. (LI Jie,
ZHANG Qiyun. Study on stochastic damage constitutive
relationship for concrete material [ J]. Journal of Tongji
University ( Natural Science) ,2001,29(10) ;1135-1141.
(in Chinese) )

[14] LI J, REN X D. Stochastic damage model for concrete
based on energy equivalent strain [ J ]. International
Journal of Solids and Structures,2009 ,46:2407-2419.

[15] 2N ALY REE T BEDLI; S 2 T e[ 1] A 3T
L5494 2 ,2014,35 (4) :20-29. (LI Jie, REN Xiaodan.
Advances in stochastic damage mechanics of concrete[ J].
Journal of Building Structures, 2014, 35 (4):20-29. (in
Chinese) )

[16] XIDLEL 227, S 2 RO FIREE 1 AR R 3R Ak 40 W45
PIRERI[ T . [A) 5 R 2 4l ( A AR B2 i) , 2014, 42
(2):203-209. (LIU Hankun, LI Jie. Non-localized meso-

damage model of concrete under uniaxial tension [ J].
Journal of Tongji University ( Natural Science ) ,2014,42
(2) :203-209. (in Chinese) )

[17] 2537 ARWEP:, 2528, 56 T K 0B B2 P8 i TR 35 - 4 0L
BEMLIT 2R R [ )], g SR 24 5 TR 2 40, 2014, 31
(3):90-97. (LIE Ping, REN Xiaodan, LI Jie. Meso
stochastic fracture model of concrete based on implicit
gradient theory [ J]. Journal of Tongji University ( Natural
Science) , 2014 ,31(3) :90-97. (in Chinese) )

(18] WIe 3, AR UHE Xk, 5. KL T REHL 15 55 Wy RAE g
SRR BE L REEY A [T ] KR4, 2015, 46
(12) :116-123. ( QING Longbang, HAO Bingjuan,ZHAO
Xin, et al. Research on analysis of crack propagation of
concrete based on the stochastic damage and equivalent
energy fracture dissipation [ J]. Journal of Hydraulic
Engineering, 2015,46(12) :116-123. (in Chinese) )

[19] X6, Rt =, 11 T, JE T BEALBI G B Y Y TR BE 1+
PR RS [T]. A 1 S TR, 2009, 28
(10):2048-2058. ( LIU Zhiguang, CHEN Jianyun, BAI
Weifeng. Research on concrete failure process under
uniaxial tension based on stochastic damage model [ J].
Chinese Journal of Rock Mechanics and Engineering,
2009,28(10) :2048-2058. (in Chinese) )

[20] BAZANT Z P,OH B H. Crack band theory for fracture of
concrete [ J ]. Matériaux et Construction, 1983, 16 (3) .
155-1717.

[21] BXAET5. T 2L 2 5 ) i R IR B - W L e M 0T 5T
[R]. b5 W4ERF,2004.

(Micks B 12017 06 - 15 %l fE/Kot)

(E#% 34 1)

[27] M2y, 9hR AR 1 T, 5 A ARk IR 35507 13 6 R
FEHFSY[J]. TR J1%%,2005,22(4) . 112-118. ( YANG
Shengqi, SU Chengdong, XU Weiya. Experimental and
theoretical study of size effect of rock material [ J].
Engineering Mechanics, 2005, 22 (4 ). 112-118. (in
Chinese) )

(28] X B34 AW O R A5 KT IARBY 206 1 T 151k
WESEL Y] TR 2274l ( FLARBH# AR ,2001,29(5)
100-102. (LIU Yongjun, ZHU Yueming, CAO Weimin.
The feasibility study on cuboid split test[ J]. Journal of
Hohai University ( Natural Sciences) ,2001,29(5) :100-
102. (in Chinese) )

[29] DALLY J W, FOURNEY W L, IRWIN G R. On the
uniqueness of the stress intensity factor-crack velocity
relationship[ J ]. International Journal of Fracture, 1985,
27(3/4) .159-168.

[30] TADA H, PARIS P C, IRWIN G R. The stress analysis of
cracks[ J ]. International Journal of Fracture Mechanics,
1985, 118(11) :612-614.

[31] "rEATZ BT BE. N5 R T F WM. st B
A, 1993.

[32] FRIIR, At 5k 75 05 . /KRS FUK R AV 3K B R 1
U ZLE B 2 [J]. K F 4%, 2008 ,39 (1) : 41-46.
(XU Shilang,ZHU Yu,ZHANG Xiufang. Determination of
model fracture toughness of cement paste and mortar[ J].
Journal of Hydraulic Engineering,2008,39(1) :4146. (in
Chinese) )

[33] 2L ek T 45 A AR BE S0 He it B 11y
HISCHUHE [T ). e RS2 4R (A 2R B2 R 2009, 40
(6):1695-1699. ( LI Jiangteng, GU Desheng, CAO Ping,
et al. Interrelated law between model fracture toughness
and compression strength of rock [ J]. Journal of Central
South University ( Science and Technology) ,2009,40(6) :
1695-1699. (in Chinese) )

[34] PRI, TR BE L Wi 2R Ty~ [ M. dE 5T B2 ok,
2011.

[35] &, WA, XA AR, 55, BOXS 7K JERD I 5 BE 5 i 1Y
RIEHFFT[T]. Bk IR ,2008(6) :61-63. (FAN Feifei,
SHANG Jianli, LIU Yinxia, et al. Experimental study on
the effect of sand on the strength of cement mortar[ J].
Bulk Cement,2008(6) :61-63. (in Chinese) )

(ke F191:2017 -08 -06 it - AEAK )

KA K A B 2018 ,38(4)  Tel:025 -83786335  E-mail :j2@ hhu. edu. cn  hitp ://www. hehaiqikan. cn - 43 -



