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Creep Model Establishment and Experimental Study of Shale
Under Three Field Deep Environment

WANG Yanchun, WANG Yongyan

College of Mechanical and Electronic Engineering, Qingdao University of Science and Technology, Qingdao 266061, China

Abstract Due to the complexity of the deep environment, a creep model is built and the experimental study is conducted of the
shale under the thermal-mechanical-chemical joint actions, and the corresponding mechanisms are investigated. The experimental
study reveals that both the temperature and the chemical pH value play a promoting role in the process of creep under this complex
environment, and the higher the temperature or the chemical pH value, the larger the instantaneous strain, the creep strain and the
creep rate will be, and the longer it will take to reach the steady—state creep stage; the impact of the chemistry pH value on the creep
properties of the shale is more significant than that of the temperature. With the method of replacing the conventional linear
component with a nonlinear one to describe the nonlinear rheological part, a nonlinear viscoelasto—plastic creep model of the shale
under the deep complex environment is built, which agrees well with the actual deep situation and can better simulate the creep
properties under the deep complex environment. The model parameters are obtained, and the correctness of the model is verified by
comparing the experimental curves with the theoretical ones. This model can be used for the shale creep behavior prediction at
various temperatures and pH values within the range discussed in this paper.
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Fig.1 All shale samples for testing
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Fig. 3 Triaxial compressive axial strain variation with time of
shale under the same pH value, different stress
levels and temperatures
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Fig. 4 Triaxial compressive axial strain variation with
time of shale under the same temperature, different stress
levels and pH values
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Fig. 5 Micrographs of secondary species of minerals

shale induced by water—rock interaction for 15 days
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Fig. 6 Linear viscoelastic creep model of shale
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Fig. 7 Nonlinear viscoeplastic model
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Table 2 Axial creep model parameters of deep shale under the same stress status and pH value but different temperature

IVl E\/GPa E/10 GPa 1:/(10 GPa-h) 1,/(10 GPa-h)
MPa 30C 50C 70°C 30C 50°C 70°C 30C 50°C 70°C 30C 50°C 70°C
7.76 4.12226  4.0167  3.8687 4.8866  4.8390  2.7481 3.8200  3.7206  2.5104 1.0865  0.9419 1.0826
15.52 7.0873  6.9829  6.7223  5.7741 5.0495 43664  4.0094  3.9871 3.6387 1.4979 1.4381 1.3004
23.28 9.3233  9.2380  8.8121 7.1362  6.4504 59072  6.7546  6.5931  5.5101 1.6509 1.6547 1.2330
31.04  11.5980 11.2260 10.695  7.5562  7.3645  7.2894  7.1729  6.8952  6.0032 1.6847 1.6170 1.2076
38.80 13.477 13.195 12.931 9.585 8.6519  6.8332  7.4414 4.6109 42638  2.4399 1.7491 1.8329

Il o/MPa 1:/(10° GPa-h) n

MPa 30°C 50°C 70°C 30C 50°C 70°C 30°C 50C 70°C

38.80 38.799 38.788 38.745 36.0128 9.2178 1.3411 5.2313 4.0753 3.0208
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Table 3 Axial creep model parameters of shale under the same stress and temperature but different pH value

RS/ E\/GPa E/10 GPa 1:/(10 GPa-h) 1,/(10 GPa-h)
MPa pH=4 pH=7  pH=10 pH=4 pH=7  pH=10 pH=4 pH=7  pH=10 pH=4 pH=7 pH=10
7.76 4.1226 55546 49153 48866  21.247  8.3240  3.8200 23.4990 7.3646 1.0865  4.5675  2.3895
15.52 7.0873  8.5688  8.1282  5.7741 57.398  7.6610  4.0094  30.629  3.9236 1.4979 32569  2.4072
23.28 9.3233 11.029 10.636  7.1362 16.6610 7.2695  6.7546  6.7472  4.0739 1.6509  4.4374  2.2465
31.04 11.5980 13.177 12772 7.5562 18.0400 8.4821 7.1729 7.2121 3.9960 1.6847 2.8649 1.9733
38.80 13.477 15.038 14.216 9.585 22.137 9.6849 7.4414 45320 44254 24399 2.1150 1.5729

VoL o./MPa 7+/(10° GPa-h) n

MPa pH=4 pH=7 pH=10 pH=4 pH=7 pH=10 pH=4 pH=7 pH=10

38.80 38.7 — — 36.0 — — 5.23 — —
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Fig. 9 Experimental and theoretical creep curves of shale under stress deviation of 38.80 MPa
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