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Time-space laws of failure process of carbonaceous shale in Brazilian split test

DU Meng-ping"?, ~PAN Peng-zhi®, JI Wei-wei*, ZHANG Zhen-hua®3, GAO Yao-hui*
(1. State Key Laboratory of Geomechanics and Geotechnical Engineering, Institute of Rock and Soil Mechanics, Chinese Academy of Sciences, Wuhan, Hubei
430071, China; 2. Collaborative Innovation Center for Geo-Hazards and Eco-Environment in Three Gorges Area, China Three Gorges University, Yichang,
Hubei 443002, China; 3. School of Civil Engineering, Hefei University of Technology, Hefei, Anhui 230009, China)

Abstract: It is great crucial for shale gas exploration and reservoir evaluation to investigate the rupture time and spatial position
during the loading process of shale. Brazilian tests on shale were carried out under different angles between the loading direction and
bedding planes to examine failure process. The digital image correlation (DIC) technique is adopted to track shale real-time
deformation field evolution of crack initiation, propagation and coalescence during entire process, meanwhile, the force-displacement
curve is recorded. Scanning electron microscopy (SEM) is applied to obtain fracture surface characteristics and microstructure of
carbonaceous shale. Based on experimental data, the relationships between the loading direction and the micro fracture initiation time,
spatial location, propagation rules and fracture mechanism of shale are explored. The results show that shale Brazilian disc split
strength gradually increases with the increase of the angle between the loading direction and bedding plane. With the increase of the
angle, the crack initiation time gradually increases, but the consumed time from crack initiation, propagation to damage decreases.
The cracks basically produce from the ends of the specimen and propagate along the bedding plane. The cracks gradually develop
from the middle of the specimen to the outside along with loading angle from 0<=to 90 < except the vertical main fracture of 90<
sample. There exists a certain difference between main damage types of different shale specimen with loading directions. The fracture
mode gradually transits from tension shear failure to shear sliding failure except the vertical main fracture of 90 <sample with the
increase of the angle between the loading direction and bedding plane.
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1
Table 1  Strength of shale from Brazilian split tests
1(9) / MPa / MPa
0 2.753, 4.810, 2.145 3.236
15 3.352, 3.873, 2.802 3.342
30 4.389, 2.581, 4.545 3.838
45 4.902, 5.602, 4.726 5.077
60 5.504, 5.991, 6.745 6.080
75 5.930, 10.510, 10.858 9.100
90 12.675, 16.033, 20.458 16.389
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Fig.3 Brazilian disc split strength of shale samples with

different bedding orientations
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