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Propagation of offset parallel cracks in rock under unloading conditions

ZHOU Zi-han, CHEN Zhong-hui, WANG Jian-ming, NIAN Geng-qian, CHEN Shuai, BAO Min
(School of Mechanics & Civil Engineering, China University of Mining and Technology, Beijing 100083, China)

Abstract: The numerous non-penetrating intermittent joints in rock slopes play an important role in controlling the strength and
failure mode of rock mass under excavation disturbance. In order to determine the meso-influence laws of intermittent joint
interaction in the slope under the action of excavation, using the superposition principle and the Kachanov method, the stress
intensity factor of parallel offset double cracks at the tip in rock mass under unloading conditions is calculated, the influences of
many factors on the interaction between cracks are theoretically analyzed, and the unloading tests on rock-like specimens with
parallel offset cracks are conducted. The results show that: (1) The interaction at the crack tips becomes more severe and
sensitive if the length of the main crack larger or the staggered distance between the cracks or the length of rock bridge is
shorter. (2) As the inclination angle of cracks increases, the tensile failure gradually increases but shear failure weakens. (3) The
sensitivity of the amplification factors of the stress intensity factor affected by the angle is positively correlated with the length
of rock bridge. In addition, the axial-initiation stresses of cracks in different specimens theoretically calculated under unloading
conditions are compared with the measured ones by tests, and it is found that the relative error between them are all less than
4.7%, revealing that the proposed theoretical formula is a reasonable and feasible method to calculate the axial-initiation
stresses of cracks. The propagation laws of the offset parallel cracks in rock under unloading conditions are revealed and are
conducive to the studies on meso-failure mechanism of jointed rock slopes in open-pit mines under the action of excavation.

Key words: intermittent joint; superposition principle; Kachanov method; stress intensity factor; unloading test

0 5l 5 B U R (LS, T S

T R R e s PPRROE . TR BB, H A L
I R T et B e TORPERERRRIL, [, AT PR AR
IS, XA R R

;'EE E,:J%_E,%M/E);ﬁ , ﬁ?%'ﬂﬁ?%ﬁflﬂiﬁftﬁi‘?ﬁﬁ [:F' , W azlz i:??ﬁ f‘:;ﬁ_ﬁoﬁfﬁi;:kﬂl}ﬁ H (2016 YFC0801602, 2017YFC1503103)

it



722 A+ T

B ¥ Ok 2020 4F

AR T 25T B AR BRI 2 VR A A AN AR R T P A B
YRR, XTI ER RN 5 A A 2 #0 VR
SRR, Bt S E e T AR, WHREAE
EHIRFE TR o

E B AE TR W 21 23 0 A AR A AR AL 7 1o
AN 7 KB s R TAE . Tang PiE A
RFPAP B, Z3 M7 1 W s 1 B A rp 8B fry 7 2k 5 3
JEMLE, WAL T AN RS  E A AR AT . IR
TR DA FR 2 1) R A LA P AN R A ;s Bobet 251
X 2 8% 3 2 PAT B T EE IR A AR AT T
FEgiilse, WAL T RAEREEA. VR SIEERK
P24 BB ML s Wong 25UV FH -2 AR [ A4 B (1 250
PR R FE T 2 AN R A7 FE 53 A 1) P B SR B A A T
FUENLR PP e = R R BT T R
M EAE G, BFFT T sk = SRR R 2 AR T
PSRBT R xR, BREEOR TR
& DIC R4, W& BRI A A AT Bl e 47
RIS T, AR RAR Y I AR B A T AN RIS 7
ARZS B M X IR T AL 1] LA B AR S 3 A4 1) ke
Hid .

i BATIR, BT B e EI A T I 2 4R ]
R LA 2R BR i (1) B 15 BE IR -, R Rad it
AN B T AL B AR, H PAE RIS AR E R
IMTTTERELZR R FB, BREEER TR,
v i = ER T THI 0 2 22 R R A AR R A AR
Z 2R TR A A R AR G E A AL . ALk, AR
WERTSINFEH 52 Kachanov ¥, M FHMNAZ )
FARE, @It T BN 2R AT e B XU S i 1 L
JIRRFER -, FF 51 NEr S5 AT R 2RI I IV ) 8
RO REE e &V TR bR, X2 #0264
SPAT O ELAURL BRI fe A 5 A ELAE FH s e 3k A T
TURNHERST, S5 JiE RS A AR AL AL XU o 22 2%
IR HIR 25 AT 7 T IR e . 1R R R
T 5 DT 3 AE 7 0 s SR AT A A A B (R VR AR
FBE | RAFHELR FEA o

1 FHZEREFG TR DEERETFRITE
1.1 EE R TR TRENRE RIS N FEE

FESEBR TAE, JABOE R R 2 FIHZ 75 5,
T2 0 58 S AE — S IR LV BN 51 B2 A 1 0T
FEX I ZE 5 Bl BRI, IS4 ] SAR TR 2 Hh 2 ]
¥, HHE A AR AR AR, AR AR AL
(VA5 e Bt S A TG D E oA P CEPA & b - R i
Ao R T T PO L 7R A8 AN B 7 R 23 e 4 B
RiJPRASB W Bk, WA E— gt R,

LIORE H A5 RO AE T2 T AN 24 45 200 3 32 ik
FR RS BEKOWE ORI, AR
Ja H WG AR 13 oA, WlEl 1 s, B
NL I8 2 S BB BRARIX (XA AD S B2 8 IX (X
B B) MRANAIX (X3 C) I Aikeni. &2 fr
INTAICA R TP AEAE 2 2 IS P AT AR DL I 22 T 2
N T TARIETT, AR SO HGEL I 2 P2 TAT W 815 B
() St A” VR ARTFERT R, BT R 2
JPIRZS AT B 2 18] A LA F A . I SCHRTS, 917T
R, GRHUR “OCHEBA” FEITZHT S22 KF 7 [t B
71 oy RSB TT [ LS J) o BIVE T, BUE ARG T8 3
mlX (X3 B); JHZ)a, BMAMERAE T HE, BH
Ji 1% o WIPERT, T7K-FJ7 1) WU 2 1 o 8 A s
(LN i (EUAE s 1)) AR £ 5 & oAWK (A E D
R T PIRS H B R SRS AR b 89 B IR
B ARRL TR A RRAR X (DX A, B A (R K 1]
A RRIN ) oy IR o

AN

E 1 B ARRERBAE IS h e E
Fig. 1 Sketch of stress in different parts of a slope

[ 2 shifeh “RBRIE” FFHZRIENFRETEE

Fig. 2 Sketch of mechanical models for "key block" in slope
before and after excavation
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Fig. 3 Superposition method of stress state of rock mass with
double cracks under unloading condition
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Fig. 4 Mechanical model for a pair of offset parallel cracks
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Fig. 6 Mechanical model for a pair of offset parallel cracks under

uniaxial compression and equivalent sketch of crack force
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Table 1 Error analysis of amplification factors of SIF
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Fig. 7 Superposition method for stress state of rock mass with

a single crack under unloading conditions
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Table 2 Mechanical properties of sandstone and specimens
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Table 3 Geometric parameters of cracks in specimens
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1 45 12 24 -12 6
2 45 12 24 -12 12
3 45 12 24 -12 24
4 45 12 24 12 6
5 45 12 36 12 6
6 30 12 24 12 6
7 75 12 24 12 6
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Fig. 14 Sketch of experimental stress path
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Fig. 15 Crack propagation process of specimen 1
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Table 4 Axial-initiation stresses of cracks in different specimens

under unloading conditions
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2 ERBEANSE 93.16 89.71 3.8

30 EHRALRE  96.11 92.13 43

4 RERRSIREG  85.64 83.52 25
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6  EHPIARN  86.22 82.33 47

7 REBRARE 9717 94.28 3.1
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