% 47 %% 8 FRRXFFHR Vol. 47 No. 8
2024 5 8 A Journal of Chongqing University Aug. 2024

doi: 10.11835/j.issn.1000-582X.2024.263

VRl 26T 5 )28 B ot A 4 i e 6 i R B e S B S F oS

hREBD LR, EF B EEKIL,ZFR"
(1. k% KkFa A2 ;b B3HIEFEc. HEHRE B% 710018;
2. P ENEGAEXARAE,GZE 710075)

BEARSGERRNARNBEATEANEIZRNEZZ -~  MmERALROERR I LBE LMY
BEFOXMAR L, B, BT ERGARIRGARLS TRARBAFRALEELETR, P
AR XKLL HAAEMAE SN T R, RARFR LM TR TS EERBORGEN BRI E 5F
HEARH R EFNE, ERAA A mBd LY MEALKLATERE TR EF—E AT —
Peik EAT TSR MA KL FTNE,0RICEEAE T, AEMEALE T AL, L b IRAA
94.7% #2 96%;30°F 60° B A JE T , A AL AL F A £, & IARK A 65% F7 86.9%., XA ZE YAk
WA R A AE,0°.30°,60°F2 90° B 22 A BT, BALEL L 5 T8 A HAR KR 4.25.3.44
206F23.60, AL T HE EE T QML EAN , L H BRI RERX, BB A FTAELTERN
W ,0°40 90° B A LT MG EF TARALFT ;308 60° B A LT , MBUEF T EELLT
WIN, B MG % 5 B 6 AE 3 R M Ae B 09 ol A B IR PR B O £ 69 38 dm iR 9 3 LR FE L )
EMBTHOMGERER, MMEEER Z G h, AW ERTRRE, RETRTHRG LR

Y%,
KT BAR T A SURM SRR X o WA A 4 i A2
FESES: TE3TT MR ERD:A X EHS:1000-582X(2024)08-152-15

Damage process and failure mode of stratified shale under uniaxial load
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Abstract: Low permeability is one of the main factors restricting shale gas exploitation, and the type and
complexity of fractures in rock mass are key factors affecting permeability. Therefore, strengthening the study of
shale damage and failure process is of great significance for improving the efficiency of shale gas exploitation. In
this study, based on a combination of experimental methods and numerical simulations, the damage evolution,
crack development, fractal characteristics, and influencing factors of stratified shale under uniaxial load are deeply
investigated. The results show that the development of micro-cracks follows a trend of “steady rise - basically
stable - rapid rise” during the loading of specimens. In terms of the stages of micro-crack development, tensile

cracks dominate at 0° and 90° bedding angles with proportions of 94.7% and 96%, respectively, while shear

Y75 H #3:2024-02-26 ) 4% H ki B #§ :2024-05-10
EER AN BRIER (1991—) , &, AL HF5E A, B2 F LA TR A9 AF5T, (E-mail)cmling2023@163.com.
BEMEER AR (1985—) , 2o 1l BB, 28 A2 iz f il X) 5 4 38 1] A A 9T, (E-mail) dongzhi@163.com.



ke BhE T T A BT T A AR R B R X T R 153

cracks dominate at 30° and 60° bedding angles with proportions of 65% and 86.9%, respectively. The macroscopic
failure cracks exhibit obvious fractal characteristics, with fractal dimensions of 4.25, 3.44, 2.06 and 3.60 at
bedding angles of 0°, 30°, 60° and 90°, indicating that complex cracks are more likely to form when the load is
perpendicular to the bedding direction. The law of damage development is affected by bedding orientation.
Damage is concentrated in the matrix at 0° and 90° bedding angles and in the bedding at 30° and 60° bedding
angles. In addition, damage is affected by the heterogeneity and anisotropy of the rock. For example, with an
increase in the variance of the elastic modulus, the homogeneity of the specimen decreases, and the damage range
under the same load increases. Conversely, with an increase in bedding stiffness, the anisotropy of the specimen
decreases, and the damage range under the same load increases.
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Fig. 1 The direction of drilling Fig. 2 Processed shale specimen

IR AR 75 S S IR DA K CT R R 50 L (R A . A 957 MTS815 2541 J1 4K R 4t
XA R AT R 4 U, SR FH A B 4 i A 2 =8, 3 R 0.05 mmy/s, 7Rk R 98 PCL-2 75
R AR AL A IR 7 AR W 75 R HE T o SRR R AN 0 RIS SR T 2 A4 ST % 3 T R AT SR D 7R R S
[ {E 15 R 36 dB, SRAEES R B 1 MHz, Q& 3 fr /R o eAh , R 2 -3 - AR & CT IR 5 &R G X% 0 3K )5 1
A AT CT A, LSRG P93 i i R A, an 18] 4 s o

MTS815 7 £ 727 Mk 2 Gt 5 K3l 1] 17 28 2 800 kN A KAl 1] 22 T 10 mm K FE+0.5% 5 PCI-2 74 & S0
RYLH 10 kHz ~ 2.1 MHz 5 38 40 B B 20 000 hits/s | filt % &% kb FEAE 11 150 Mflops  Fe (% 1 3% [ (i 18 dB W& {E
FE SCIEA] 35 ps  fiE i 2 CHF ] 150 ps i 5 P8R 1] 300 ps; CT K R S A1 #5 K B 1 530 mm , JE & 0.6 ~
19.2 mm . fe KA [E] 100 s

| .

| MTS815 7 J MR A4

B3 NERFRHFREAR
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Fig.5 Stress-strain curve of shale
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Fig. 6 Relationship between uniaxial compressive strength and bedding angle
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Fig.7 Relationship between elastic modulus and bedding angle
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Fig. 8 Stress-strain-acoustic emission counting relation
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Fig. 14 Fractal dimension distribution of fracture at different bedding angles
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Fig.15 The damage evolution process of specimens under different bedding angles
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Fig. 16 Electron microscope scanning of shale sections
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Fig. 17 Microscopic irradiation of shale slices
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Fig.18 Damage evolution of shale specimens with Fig.19 Damage evolution of shale specimens with
bedding under different variances of elastic modulus bedding under different stiffness coefficients
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