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Experimental study of mechanical behaviours of shale under different confining
pressuresand different strain rates

.12 2 .1 .
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(1. State Key Laboratory of Coal Mine Disaster Dynamics and Control, Chongqing University, Chongqing 400044, China;
2. Civil Engineering and Architecture, Southwest University of Science and Technology, Mianyang, Sichuan 621010, China; 3. State Key Laboratory of

Geomechanics and Geotechnical Engineering, Institute of Rock and Soil Mechanics, Chinese Academy of Sciences, Wuhan, Hubei 430071, China)

Abstract: To investigate the mechanical properties of shale under different confining pressures and different strain rates, the triaxial
compression experiments of Longmaxi Group shale samples are conducted under different confining pressures and different strain
rates. The experimental results show that the confining pressure and strain rate affect obviously elastic modulus, peak strength and
fracture morphology of the shale. The elastic modulus and peak strength increase with the increase of confining pressure, the increase
of peak strength is significantly greater than thaengtht of the elastic modulus; and the peak strength showed a linear increasing trend.
At a low confining pressure, elastic modulus and peak strength gradually increase along with the inclining of strain rate from low to
high; the relationship between the two and the strain rate can be described by a biquadratic polynomial. With the increase of
confining pressure, the effect of strain rate on the shale is gradually weakened; at a high confining pressure of 50 MPa, the
phenomenon of the compressive strength and elastic modulus increase with the increase of strain rate is terminated. Under condition
of low confining pressure and high strain rate, the shale is mainly split shear failure; with the increase of confining pressure and the
decrease of strain rate, the failure mode would change from split shear failure to single shear failure; and then gradually transits to a
ductile fracture. The results of the test have important guiding roles in establishing the mechanical parameters of shale and designing
the fracturing program.
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1 XTRO1
Figl XTRO1 servo controlled rock mechanical test
machine of high temperature and high pressure

[19]

10 10°/s
10

10 30 50 MPa
4

5x10°% 1x10* 2x107° 4x10°/s
12

L

Tablel Test scheme of triaxial compression

D L
/mm /mm /MPa /s
1 4772 100.4 10 5x107
2 4773 97.23 10 1x107*
3 47.97 100.83 10 2x107°
4 47.67 99.06 10 4x10°°
5 4795 100.68 30 5x107
6 47.96 98.94 30 1x107*
7 48.01 101.14 30 2x10°7°
8 4772 98.92 30 4x10°°
9 47.99 100.41 50 5x107*
10 48.02 99.23 50 1x107*
11 48.00 100.26 50 2x10°°
12 47.81 100.48 50 4x107°

(a) 10 MPa
(b) 30 MPa
(c) 50 MPa

2
Fig.2 Srain rate effects sketch under different
confining pressures

2
Table2 Experimental resultsof triaxial compression

&

31

3.2
321

/MPa /s lge /MPa / GPa
1 10 5%x107* -3.301 104 9.03
2 10 1x10™ ~4.000 98 8.67
3 10 2x107° —4.699 96 8.01
4 10 4x107° -5.398 95 7.63
5 30 5x107* -3.301 145 8.83
6 30 1x10™ —4.000 139 9.19
7 30 2x107° ~4.699 137 9.69
8 30 4x107° -5.398 135 9.64
9 50 5x107* -3.301 184 10.35
10 50 1x107* ~4.000 185 11.33
11 50 2x107 —4.699 187 10.30
12 50 4x107° -5.398 182 10.34

[18]
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Table3 Comparison of compression strengths
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Table4 Comparison of elastic modulus
(/s) /GPa
/MPa 5x107 13107 2x10°° 4x10°
10 9.03 8.6 8.01 7.63
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Fig.5 Relationshipsbetween peak strength of shale and
strain rate under different confining pressures
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Fig.6 Relationship between peak strength of shale and
strain rate under confining pressure of 50 MPa
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