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shales with different bedding angles
MA Like"?, CAO Han"?, ZHANG Zheng"?, GAO Qiang"?, LUO Zhongshan'?

1 School of Geosciences and Info-physics, Central South University, Changsha 410083, China
2 Key Laboratory of Metallogenic Prediction of Nonferrous Metals and Geological Environment Monitoring(Central South
University), Ministry of Education, Changsha 410083, China

Abstract The fracture behaviors of type- I cracks in shales with different bedding angles have obvious differences, which
in turn affect hydraulic fracturing crack propagation. This paper is based on shale bedding properties, and uses the three-point
bending half-disk experimental method to investigate the effect of the angle 0 between the bedding plane and type- I cracks on
the fracture toughness and failure mode. The results show that there is a good secondary correlation between the angle 6 and
the fracture toughness of the sample. Also, the displacement-pressure curve indicates that a different 8 will greatly influence the
peak pressure, displacement and fracture type during the loading process. Samples with & of 45° and 60° show ductile fracture
in the post-peak pressure drop stage, while the samples at other angles showed brittle fracture. Moreover, the elastic strain energy
increases linearly with increasing bedding angles. The difference in failure mode of cracks in different angle specimens is mainly
manifested by the tendency to cracks inclined to the bedding plane and then penetrating the bedding plane. Therefore, the inves-
tigation of the influence of the angle between the bedding plane and type- I cracks on the fracture toughness and failure mode of
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the shale has certain significance for guiding the selection of technical parameters during the hydraulic fracturing implementation
process, which is beneficial to improving the productivity of fracturing and reforming reservoirs.
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Fig. 1 Semi-disc samples with different angles between the

bedding plane and the cracks
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Fig.2 Fracture toughness loading platform
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Table 1 Anisotropic fracture toughness calculation table

fagEe P, /KN SREERT Y WM K /(MPa-mm'?)
0.34 6.411 10.933

" 0.20 6.411 6.4310

30° 1.17 6.411 37.624

45° 1.10 6.411 35.373

60° 1.54 6.411 49.522
1.56 6.411 55311
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1.72 6.411 50.165

PITEZ G R, W oA 2 B A EXT 1 RUSREE W
FMEABERRIE R . TR AR T 202
W= BRSO AE AL, XA TR A B LA T 75 I 2 e i
TR 3, g 35, of SKR A
BB AR, ARSCHEREOY 0.89; IF3RAT T I8
AL 0 R R (4).

K. =9.474+0.93660 —0.0056 “)
K, oREmE | BREEN I, Ao,

22 AEEREMATEMESEEMB—ENHESH

AR UL 2 70 1 A o v 4 T P D s A Bt
TR — ARG ), (R A 0 A ) )2 B 26 F il
PRI — 2P Ak, Y HTAE R T T B RS
BA TE A B A% S8 W 24 S S FOR R DL AR DG Il s, PR gk
MIVME G 24 T2 B0ie Ry Jah, XHSFELE gk f v
PRI RS — R It T 400, LU DA SI2 36 A 2 M 3R
HUZ PRI AT T RIEE Y R . 5250 AR
AN BB — R S 2 an 18] 4 fios, 84K [T
R ANE: ()RR B, WEER Iz, B R
JIHER, BB RS, B AE, AEAL
Bo—E Sk L3R 8 ha) 1N R pRECZR B, FL
e LRI R EUE R /NVE R, () BB B, ikl
—ARHEL, Il FENARRERR, EE A, 3) E Rk
BB, BB, MR RAE%E, 0 0° M 30°
MR —/NBEh e I R AT UL, 7T 45°., 60° A1 90° i
FERINI RS — ) IR R BN & o 1 URE e B B ik
— A s, RIRHREERIEERRAC, (4) 65 R
FEB B, LB 040 00, 30° F1 90° fyialAY: faf 45 I B

60
R?=0.897

50
<o
€ 40
©
Q
S 30
#
=
%‘% 20
= L

10 n RFIMEE

0 N 1 N 1 N 1 N 1 N

0 20 40 60 80 100

HES5EENZAP

3 NMEREMASHAIELEXR
Fig. 3 The correlation of the angle of bedding plane and the

fracture toughness
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Fig. 4 Displacement-pressure curve for different bedding angles
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Fig. 5 Total energy curve of fracture failure of samples at

different bedding angles
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Fig. 6 Rupture samples at different bedding angles
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