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Interaction between offset parallel cracks in rock

ZHU Di-jie', CHEN Zhong-hui', XI Jing-yi’, YANG Deng-feng'
(1. School of Mechanics and Civil Engineering, China University of Mining & Technology, Beijing 100083, China; 2. China Building
Technique Group Company, Beijing 100013, China)
Abstract: The interaction of cracks with different locations and sizes is a key factor leading to the damage of rock. Based on
the Kachanov method, the interaction rules between two offset parallel cracks with different level intervals, vertical intervals,
crack lengths and crack angles are investigated by analyzing the stress intensity factor ratios under tension-shear stress and
compression-shear stress. The compression tests on rock-like specimens with two unequal offset parallel cracks are performed,
and the theoretical analysis is proved through the researches on the crack initiation and initial stress variation rules. The results
shows that the offset parallel cracks exist reinforcing effect, shielding effect and null effect, and the three effects transform
mutually along with the variations of level intervals, vertical intervals, crack lengths and angles. The reinforcing effect and

shielding effect become more and more severe with the decrease of distance to the crack tip, and K; changes greatly when the

crack angle is 60° and Kj; changes greatly when the crack angle is 30°.
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Fig. 1 A pair of offset parallel cracks
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Fig. 2 Decomposition of crack force in rock with crack 1
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Table 1 Error analysis of SIF ratio
e AL Tt R
Ki(=c)/Kio(—¢) Ki(c)/Kio(c) Ki(=c)/Kio(—¢) Ki(c)/Ko(c) Ki(=c)/Kio(—¢) Ki(c)/Ko(c)
-0.50 0.8577 1.1237 0.9200 1.1380 0.0623 0.0143
-0.25 0.9966 1.1287 1.0500 1.1400 0.0534 0.0113
0 1.1098 1.1214 1.1280 1.1320 0.0182 0.0106
0.25 1.1662 1.1063 1.1800 1.1120 0.0138 0.0057
0.50 1.1715 1.0891 1.1700 1.0900 0.0015 0.0009
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Fig. 3 Relationship between SIF ratio and level interval ratio
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Fig. 6 Relationship between SIF ratio and crack angle
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Fig. 7 A pair of frictional offset parallel cracks in an infinite plate
R RE — W] R NPT I, RS T
(A A2 BV R 7R R R o
o, PRI IR
A } ®)
o,/ =(c,-0)-Ac, (i=1,2).
A, Az, Aoy, NAHESZETL WAz, 52 ik )
o Mo RIS 2 fE2R G0 1 B3R AR /7«
M THAHAEGRI, Fo =0, MHX 6). (8) 15
T:‘l =—7,+ ,uafi —r;;" + /JAG; - Ariy (=1,2) . (9)
MEFW AT, , Ao, Al Kachanov J%5K43
LAY
ATiy <—c7’:">f,.;" +<—rii>ff ,
Ao, =(=o )V £+ (=T ) 7 (=12, j=1.2Hi = ),
(10)
A, (o)) A (—e ) 43510 j G R Ay
PIm R ME, 850 (100 AN (9) 15
T =—1,+puc. —7) _#<7;}%>ﬁ§‘ +<rvf>f,§ , } an

2 02 02 *1 nt *1 tt
Ty = Tc+luay Txy fu<rxy> 21 +<Txy>f‘21 °

'Nﬁ<u)EE%wm¥wﬁz
<T:‘I,>= -7, +yg;°' _7;;1 —,U<T:}2»>A;‘£ +<T;5>A?2 ’ (12)
<T:‘2> =7, +puo -1 - u<r:>A;t, +<r;l,>/1§l )
HZARH (r)), (o) AR (D, R fhiii 7
o o RURHRAE T AR TR R R T (1A
CIESESSY

Koy =—[" 2o enag . a3)
\/?11‘ B Zi$§i )

B c=a, hlc=0.4, a=45°, 7,=0, u=03, Uk
I ZREC 1 S 11 L g 5 R - 5 AN & — 2% R U 1Y
J82 758 BE R AR B R SUK TR R LE s/e Aefeanie 8
Fis B e=a, sle=—1, a=45°, 7,=0, u=03,
SR 2RO 1T Y I g 5 P TR - 5 AN — 2% RS FA 8 )
5 AT LU A B 2R S0 ELR) R LG /e ZRAR AN 9 FTos

—a— Ky (=¢) 1Ky (=c)
—— Ky () IKyp(c)

0.80 L L L L L L L L )
-2 -1 0 1 2 3 4 5 6 7
sfc

8 NMREREFESKTFBEELXFR

Fig. 8 Relationship between SIF ratio and level interval ratio
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Fig. 9 Relationship between SIF ratio and vertical interval ratio
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Fig. 10 Crack propagation process of specimen 1 and 5

= g R . =
a3 e TRt kY

TR
AWy RFHE

BRI

(b) B9
B 11 iR 7, 9By RigiE
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Fig. 13 Relationship between initial stress and vertical interval
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