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Fig. 3 Evolution of global strain field under loading!''®!: (a) 6% peak; (b) 67.2% peak; (c) 76.6% peak; (d) 85% peak; (¢) 88.33%
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Fig. 8 Schematic diagram of un-coalescence failure mode
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Table 1 [Initiation stress, coalescence stress and coalescence pattern for specimens with 2 cracks

Coalescence Schematic diagram Crack initiation Coalescence Peak strength/
mode & stress/MPa stress/MPa MPa
T mode 7.24 10.73 28.33
\ Right tip
S mode 4.05 19.07 19.07
Right tip
Left tip
¥
" @) Right tip
S
Shear cracl§}\$
Left tip
T-S mode Tensile crack, | 821 13.30 221
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Table 2 Initiation stress, coalescence stress and coalescence pattern for specimens with 3 cracks

Rock-bridge angle/(°) Coalescence number Schematic diagram  Coalescence mode Initiation stress/MPa Peak strength/MPa

(@)
45-75 06
)
®
®
45-90 OO
®
/o
®
45-105 None
(@)
/&
®
75-90 O
® /@
®
75-105 0

T mode 9.15 24.15
S mode 8.59 25.16
None 9.19 26.65
T-S mode 8.02 20.57
T-S mode 7.79 20.24
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Fig. 10 Patterns of tensile crack propagations observed in experiments: (a) Type T1; (b) Type T2; (c¢) Type T3
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Fig. 11 Patterns of shear crack propagation observed in experiments: (a) Type S1; (b) Type S2; (c) Type S3
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Fig. 12 Fragments in four size fractions of specimen (0=45°, $=90°): (a) Coarse-gained clastics; (b) Medium-gained clastics;

(c) Fine-gained clastics; (d) Micro-gained clastics
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Fig. 14 Four kinds of failure modes in experimental results: (a) Mixed failure; (b) Shear failure; (c) Stepped path failure; (d) Intact

failure
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Fig. 16 Mean of 1g Ki—lg v relation in different kind of rocks:
(a) Marble; (b) Lherzolite; (c) Migmatite
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Table 3 Mean regression parameters for different kind of
rocks
Regression equation and parameters
Sample Condition g v=a,+b1g K;
a; by R?
In air —25.4385 48.9318  0.9047
Matble  In S;;‘;;‘ted 50197 83074  0.8377
In air -9.1010  16.4032 0.8356
Fherzoltte n S;;‘zited 47774 47381 0.8444
In air —17.3416 60.1984  0.92025
Migmatie  Insaturated 1545 ) 8505 08630

water

F4 KREHTVIGANLY RS
Table 4 Mean of K¢ in marble

Number  Condition P/IN Kic/(MN-m>?)
2-1 350.8431 3.1568
22 . 373.8302 2.9063

In air
Averas
veraging 3623367 3.0316
value
23 330.2914 1.9210
2-4 Insaturated 3254324 2.4930
. water
Averaging 327.8619 2.2070
value
TS5 HHEE TG AREET RS

Table 5 Mean of K¢ in lherzolite

Number  Condition PN Kic/(MN-m )
3-1 4327577 3.1494
2 I air 411.9205 2.8209
Averaging 4223391 2.9852
value
3-4 Insaturated 100 551 2.9455
water
F6 REETVIRAHLSY RS

Table 6 Mean of K¢ in migmatite

Number  Condition PN Kic/(MN-m )
522 302.8613 2.0820
53 In air 303.4765 2.0933

Averasi
veraging 303.1689 2.0877

value
5-4 253.7674 1.9496
5-5 In saturated 277.1378 1.9301

1 water

Averaging 265.4526 1.9398

value




1752 FP A (<R AR

4 ERARERTHREXSZER
HREFZMAIIEL MR ERE

W E A IR e, e e N
R BE SR T RE LA I 1] F 389 4 e B R PR o
Dk, BR T BRI A Ah, A ARG E AT B AR
PRIt A7 77— R R P PR A A AT 2R ) R AR
WG . R HTT, [E A SME S RS R s b
BERGURAR Y e S W (EIT g 2, el btxt 131
MEHIE Y SR N A AT A MR
PLUBE AT EEA TR A IS o

B ISR I RBUA R AR AR B A,
ARATHRHAT T XN BT T A MR AE W S 56
FFHATHIR R . RS A AR 7 5T
X Hs B N 1 AT T R EU AR I R B R 4T T 4R
ity JFHES IS N TSR T G AT ORI # bR
K, BRI W

4.1 THIHEBER T BT

HEAT XU N T 2GR B A W s, T
LA R A G A AW R SRR TR T — &
FIARIEIE T AT :

58, WHE T A AL MR B, B
AR A G SR Ay i o2 i A2 B R R AR AR JiR
R, MG B ) 5 B R 1Ak T I SR e e 1)
B S TR B A AT, 50 e Ak LAY
LU .

FE—BY N ISR RAUR AR - W R A7 AR 3 P
[P BIRRLThE ., HYGE RN T, B
SL-BY YR A - B .

1) VAW - T S L

IR, PRI AR B o s i AR ) 3 ARG AR
J&&,  BEAE AR I ) () G B GO B il 44 51
W B 17 P, B A 285 ) R A 23 501 4 D F b
1 BB RGI Y TR BE R T K e Ko<Ki<Kic
I, BRGKE ()2l TR AR Y e, DA nT LA 2
LUNNPEIE/TE

ML)+ (0) <ND* +h* I, ¢ %R ILRLEAR S

pal:
&

Y1)+, () =D+ kW, ¢ N BB

-

R PR 2B, 2 L) +1,() =ND? + /2
I ¢ BN 20 3R A4 0T,

2016 4F 8 A
g1
'y 3
A
—>/ D\/( Qgﬁ/ o .
o3 _pl N Neo; .~ Wing crack
v
—» / rd / =
B
gy
B 17 5 R A A UR R
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Propagation-coalescence and rheologic fracture
behavior of rock cracks

CAO Ping, CAO Ri-hong, ZHAO Yan-lin, ZHANG Ke, PU Cheng-zhi, FAN Wen-cheng

(School of Resources and safety engineering, Central South University, Changsha 410083, China)

Abstract: The recent developments in some aspects on the research of rock fracture mechanics were discussed, including
the crack extension mechanism, fracture criterion, loading method, locating method of crack and numerical method in
rock fracture. At the same time, case studies about crack propagation, subcritical crack growth and creep fracture criterion
and theoretical model were accomplished. Firstly, based the uniaxial test of rock-like specimens, the coalescence pattern
between fissures and failure modes of multi-fissure specimens was discussed. At the same time, further discussion about
the coalescence patterns and fragmentation of mixed crack specimen under compressive-shear test were made. Moreover,
the subcritical crack growth, and fracture toughness in three different kinds of nature rocks were investigated with double
torsion test. The results show that: at the same stress level, the water—rock interaction can accelerate the subcritical crack
growth and the fracture toughness of rocks under atmospheric environment is higher than that of rocks immersed in water.
In addition, the creep fracture criterion and nonlinear elastic visco-plastic creep damage models were also analyzed:
combined with rock fracture mechanics and rheological mechanics, the theoretical models of crack rheologic fracture
failure under compressive-shear load were established. By introducing damage factor and plastic body containing fissures,
the nonlinear elastic visco-plastic creep damage model was conducted. Finally, several understandings on the research
work were presented in prospect of the fracture mechanics in the future.
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