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Experimental research on effects of strain rate on mechanical properties of shale
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Wuhan 430071, China; 2. School of Civil Engineering and Architecture, Southwest University of Science and Technology, Mianyang, Sichuan 621010, China;
3. State Key Laboratory for Coal Mine Disaster Dynamics and Control, Chongqing University, Chongqing 400044, China.)

Abstract: To investigate the mechanical properties of shale under different strain rates, then to provide scientific guidance for the
exploration of shale gas, the uniaxial compression experiments of shale samples have been conducted under strain rates of 5x10 /s,
1x10%s, 1x10°%/s and 1x10 /s, respectively. The experimental results show that the strain rates affect obviously on elastic modulus,
peak strength and fracture morphologies, etc. of shale. Elastic modulus and peak strength gradually decrease along with the inclining
of strain rate from high to low, but the decreasing speed becomes gradually smaller and smaller. The fitting relationship of elastic
modulus (also peak strength) versus minus logarithm of strain rate largely adapts to the power function, whereas a higher fitting
degree occurs if the mean values are implemented. Relatively speaking, the elastic modulus has a higher strain rate reaction. The
fracture modes are obviously affected by the strain rate: under high strain rate, sample rapidly split into several large pieces and the
entire skeleton ruptured; with the decreasing of strain rate, the fracture mode gradually transfers to main splitting failure with local
shear failure; under the lowest strain rate, the main fracture mode is still splitting fracture but with many transverse cracks inserting
the lateral surface; that is to say, the fracture mode under lowest strain is characterized by occurrence of cracks-net. In a word, the
strain-rates affect the fracture morphologies most obviously, which performs mainly the relatively mean fracture and cracks net. Thus,
these features of strain rate effect can provide important enlightenment for the parameters determination and hydro-fracture
plan-design of shale.
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Fig.1 Pie chart of the shale compositions (XRD)
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Table 1 Petrophysical information of
the samples and testing plan

/ mm / mm /(g/em”) / (m/s) /s
1142-1 98.44  47.82 2.52 3288 5x10°*
1142-18 9575  47.80 2.49 3307 5x10°*
1142-19 9835  47.70 2.54 3235 5x10*
1142-30  100.10  17.80 2.52 3315 5x10*
1142-4 9488  47.90 2.47 3331 1x10*
1142-7 10032 48.51 2.51 3296 1x10*
114223 10156  48.24 2.47 3217 1x10*
1142-34 9920  48.10 2.49 3307 1x10*
1142-6  101.16  47.96 2.55 3272 1x10*
114227 97.85  48.00 2.55 3262 1x10°
1142-31 10075 48.00 2.48 3358 1x10°
1142-36 10154  47.92 2.53 3385 1x10°
114222 96.10  47.20 2.54 3392 1x10°
1142-11  99.52  47.60 2.53 3245 1x10°
1142-32 9745  48.06 2.50 3164 1x10°
1142-33 10000  47.86 2,51 3322 1x10°
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Fig.2 The entire stress-strain curves
under four different strain-rates
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Table 2 Uniaxial compression results
under different strain-rates

MIASEA IR MEVAR SRR

WG | TARALL
/s / MPa /% / GPa

1142-1 5x10* 64.57 0.914 8.73 0.298
1142-18 5x10* 66.11 0.842 9.10 0.326
1142-19 5x10* 60.76 0.891 7.80 0.307
1142-30 5x10* 70.31 0.961 8.31 0.271
1142-4 1x10* 61.86 1.180 7.25 0.214
1142-7 1x10* 63.42 0.927 7.85 0.296
1142-23 1x10* 53.34 0.989 6.65 0.194
1142-34 1x10* 59.84 1.090 6.77 0.350
1142-6 1x10° 56.23 1.010 6.64 0.269
1142-27 1x10° 59.68 0.869 6.21 0.247
1142-31 1x10° 54.98 0.901 6.51 0.226
1142-36 1x10° 56.04 0.780 7.36 0.194
1142-2 1x10°¢ 51.97 0.980 6.21 0.320
1142-11 1x10°¢ 49.67 0.826 6.01 0.230
1142-32 1x10°¢ 55.42 0.893 6.30 0.215
1142-33 1x10° 56.46 0.856 6.57 0.267
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