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Fig. 1 Coal shale rock sample Fig.2 Coal shale specimen
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Tab.1 Original rock uniaxial compression test results

s HMEEIE E/GPa AN p BB R o/ MPa

1 0.15 0.221 5. 04
2 0.4 0.213 16. 30
3 0.76 0.191 20.76

F 2 U SRR R R 58 B X H

Tab. 2 Comparison of tensile strength between original rock and similar model

AL 1 2 3 T
JE A 4.579 3.911 4.622 4,371
AR R 1 1.122 0.917 0. 959 0. 999
HRARLAA R 2 1.018 0. 987 1.138 1.048

AHALBA L 3 0.753 0. 857 0.794 0.801
ARALAE K 4 0. 682 0. 626 0. 629 0. 646
FHAURE KL 5 0.616 0.503 0.525 0.551
ARALAL KL 6 0.510 0.483 0.434 0.476

Pl 3 AH AR I Y B 2 B4 S8 p

Fig. 3 Similar model brazil splitting test Fig.4 Completed test specimen
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Fig. 5 True triaxial hydraulic fracturing test system
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acoustic emission energy curve
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Tab.3 K1 cycle fracturing stage
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Energy levels under cyclic
emission energy in the whole process of hydraulic fracturing
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Experimental study on crack propagation of coal shale
under stress transformation of cyclic water injection

based on acoustic emission energy

TANG Ju-peng', QI Tong'., DAI Shu-hong', PAN Yi-shan®, LU Jiang-wei'
(1. School of Mechanics and Engineering, Liaoning Technical University, Fuxin 123000, Liaoning, China;
2. Department of Physics, Liaoning University, Shenyang 110000, Liaoning, China)

Abstract: Cyclic water injection can be served as a new stress transformation technology of mining
shale. The influence mechanism of cyclic water injection on crack initiation and propagation of the
shale is not clear. A true triaxial hydraulic fracturing testing system is developed based on true three-
dimensional stress conditions of coal shale. A similar simulation model of the coal shale based on the
Shuangyashan coal mine in Heilongjiang province is developed. and the cyclic water pre-flooding stress
transformation and hydraulic fracturing of laboratory simulation tests are carried out. The acoustic
emission technology is used to monitor the whole process of crack initiation and propagation in stress
transformation stage and the fracturing stage. Based on the energy variation of the acoustic emission
and the spectrum characteristics, the effect of the water injection pressure on crack size, the degree of
crack development and the crack type of stress transformation stage are analyzed, and a discrimination
method and the parameter index of hydraulic fracturing from the initiation stage to the propagation
stage are presented. The experimental results show that the size of the cracks in the stress
transformation stage is mainly determined by micro-cracks. As the water injection pressure increases,
the proportion of tension cracks decreases and that of shear cracks increases. The size of the cracks in
the fracturing stage is mainly determined by macro-cracks. As the water injection pressure increases,
the proportion of shear cracks decreases and that of tension cracks increases. The optimized situation
happens when the water injection pressure is about 1. 6 MPa, in which cracks can be easily formed.
The average of the acoustic emission energy rate k is used to determine the crack initiation. When the
decreasing amplitude of k is more than 26. 87 %, the cracks change from the initiation stage into the
propagation stage. Cycle water injection for stress transformation can produce micro-cracks. The
difficulty of initiation decreases with stress transformation, so the mining rate of the shale gas will
increase. The conclusions provide an important reference for design of volume fracturing
transformation.

Keywords: cyclic water injection; stress transformation; crack propagation; acoustic emission; coal

shale



