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Abstract: The previous researches have studied the deformation and fracture characteristics of shale containing natural cracks
subjected to uniaxial compression. In order to further indicate how the deformation and fracture characteristics are influenced
under coupling effect of confining pressure and cyclic loading, the equipment of MTS815.03 is employed to conduct loading
and unloading cyclic triaxial compression tests. The experimental results show that under triaxial cyclic loading, the main
failure mode of the shale samples containing natural cracks is a mixed failure, performing tensile-shear propagating mode, and
having at least one tensile crack propagating the natural crack for each sample. With the gradually increasing confining pressure,
the peak strength rises linearly. For the entire shale sample aready subjected to 11 cycles of loading-unloading, the peak
strength increases by 9.98%~25.03%; whereas for the shale sample with crack already subjected to 15 cycles, the peak strength
increases by only 1.47%~6.98%. For the sample with crack under the same cycle loading, the elastic modulus is larger than the
deformation modulus, the unloading elastic modulus is larger than the loading elastic modulus, and the unloading deforamtion
modulus is larger than the loading deformation modulus. Simultaneously, the larger the damage-area coefficient F, the larger
the difference between the unloading elastic modulus and the loading elastic modulus. With the increase of the cyclic times, the
loading deformation modulus and the unloading deformation modulus firstly increase and then monotonously decrease; whereas,
the elastic moduli of both loading and unloading exhibit increasing initialy then decreasing gradually with wave-shape. The
serious variant of elastic modulus is the direct evidence that the inner structure coordinates in local locations. The research may
provide constructive references for the mechanical investigation
of crack propagation to form complex crack net. c<gg3””
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Fig. 1 Field place of shale sampling
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Table 1 Basic parameters of shale samples

F /mm /mm lg  I(g-em?®)
YO0-6 0 49.10 99.60 488.0 2.588
YO-7 0 49.08 99.36  489.0 2.601
YO0-8 0 49.20 99.18 489.0 2.593
Y0-12 0 49.18 99.30 4905 2.601
Y0-13 0 49.20 99.88 4895 2.578
Y0-15 0 49.02 99.58  490.0 2.607
Y-1 0.334 49.04 99.80 486.5 2.580
Y-6 0.503 48.96 99.80 486.0 2.567
Y-7 0.223 49.06 99.88 487.0 2.581
Y-8 0.591 49.06 99.82 486.5 2.580
Y-9 0.581 49.02 9946  485.0 2.585
Y-10 0.274 49.90 99.78 503.5 2.581
Y-11 0 49.04 9942  485.0 2.584
Y-13 0 49.24 99.52 487.0 2.571
Y-14 1.526 48.94 9940 486.0 2.603
Kachanov!”?  Rabotonov!®
F
A Ao
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Fig. 2 Location of cracks and length of shale samples
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Fig. 3 Loading and unloading stress paths
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Fig. 4 Stress-strain curves of entire shale under triaxial
compression
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Table 2 Test results of shale samples under triaxial compression

/MPa  /MPa /GPa 1108
Y0-6 10 149.8 46.30 0.40 4.24
Y07 20 206.8 50.06 0.39 4.89
Y08 30 238.1 56.44 0.43 5.94
Y012 10 170.3 39.57 0.37 4.26
Y013 20 216.3 52.97 0.42 5.37
Y0-15 30 229.1 56.45 0.41 5.74
2.2
3
Y-13 Y-6 Y-7 —
5 5

2.3
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Table 3 Test results of shale samples under cyclic loading

IMPa /MPa 1108 1108
Y-1 0 7 535 5.88 4.92
Y-6 20 15 214.6 8.32 4.30
Y-7 30 15 249.5 11.30 3.80
Y-8 10 5 150.2 5.43 1.42
Y-9 20 13 2287 9.12 2.87
Y-10 0 6 49.6 8.96 1.97
Y1 30 10 2205 8.77 217
Y-13 10 11 187.3 7.69 4.20
Y-14 0 11 715 5.13 5.24
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Fig. 5 Curves of stressvs. strain of shale samples under triaxial

cyclic loading
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Fig. 6 Relationship between peak strength and confining pressure
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Fig. 7 Curves of stress vs. volumetric strain of shale samples under
triaxial cyclic loading
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Table 4 Elastic parameters of calculated results of shale sample Y-6
& Ein Oh Ohin Ao Ag, Ag 01-03 Es Eg u
/10°  /10° /MPa /MPa  /MPa  /10° /10°  /MPa  /GPa  /GPa

1 0.248 0.078 10.01 4.92 4.44 0.157 -0.013 10.01 29.90 28.33 0.08
1 0.250 0.010 10.01 0.40 4.88 0.140 -0.01 10.01 39.26 35.39 0.09
2 0.590 0.040 20.34 0.40 10.21 0.280 -0.05 40.12 36.25 37.13 0.16
2 0.740 0.200 20.42 1.01 10.05 0.230 -0.05 40.12 35.75 43.89 0.24
3 1.120 0.200 35.19 1.01 10.13 0.290 -0.05 70.07 36.99 35.30 0.18
3 1.360 0.390 35.15 161 9.97 0.260 -0.06 70.07 34.47 38.34 0.22
4 1.730 0.380 50.25 161 9.85 0.300 -0.06 100.46 36.06 32.83 0.19
4 2.010 0.520 50.29 2.22 9.97 0.290 -0.06 100.46 32.28 34.38 0.21
5 2.280 0.510 65.18 2.22 10.09 0.300 -0.07 130.20 35.55 33.63 0.23
5 2.640 0.620 65.30 2.87 10.01 0.300 -0.07 130.20 30.85 33.36 0.23
6 2.580 0.620 70.07 2.87 9.69 0.300 -0.07 140.90 34.22 32.30 0.24
6 2.880 0.700 70.11 291 10.05 0.310 -0.08 140.90 30.73 32.42 0.24
7 2.790 0.700 75.03 291 9.81 0.300 -0.07 150.63 34.39 32.48 0.23
7 3.120 0.740 75.23 3.23 9.89 0.290 -0.07 150.63 30.24 34.10 0.25
8 3.060 0.740 80.16 3.23 10.09 0.300 -0.08 160.55 33.15 33.63 0.27
8 3.430 0.800 80.36 3.47 10.05 0.310 -0.08 160.55 29.23 32.42 0.26
9 3.140 0.800 81.45 3.47 10.01 0.320 -0.08 162.65 33.32 31.28 0.25
9 3.540 0.800 81.37 3.39 9.97 0.300 -0.08 162.65 28.45 33.23 0.27
10 3.330 0.800 84.96 3.39 10.01 0.320 -0.08 170.60 32.16 31.28 0.25
10 3.760 0.830 84.92 3.63 10.13 0.310 -0.09 170.60 27.72 32.68 0.29
11 3.590 0.830 90.17 3.63 10.01 0.320 -0.09 180.57 31.33 31.28 0.28
11 4.000 0.880 90.00 3.83 9.85 0.300 -0.10 180.57 27.58 32.83 0.33
12 3.840 0.880 95.09 3.83 10.09 0.310 -0.09 190.62 30.79 32.55 0.29
12 4.310 0.940 95.17 4.04 10.05 0.320 -0.10 190.62 27.02 3141 0.31
13 4.050 0.940 100.05 4.04 9.81 0.300 -0.08 200.11 30.84 32.70 0.27
13 4.680 0.940 100.09 4.28 9.89 0.320 -0.11 200.11 25.59 30.90 0.34
14 4.410 0.940 105.22 4.28 9.97 0.340 -0.09 21044 29.05 29.32 0.26
14 5.120 0.950 105.18 4.44 9.97 0.320 -0.11 21044 24.13 3115 0.34
15 4.592 0.947 107.12 4.44 9.73 0.320 -0.110 214.56 28.17 30.40 0.34
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Fig. 12 Fracture models and sketches of shale samples with natural cracks subjected to different confining pressures
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