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Time-scale effect of the creep model parameters and particle flow
simulation of sandstone with a single crack
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Abstract: The creep deformation behaviors of the hard rocks in deep high-stress environment, especially for the fractured hard
rocks, cannot be neglected. To investigate the long-term creep deformation behaviors and the creep model for the fractured hard
rock, the rocks with a single crack (¢=45° ) are obtained using the high speed water jet technology. The peak deviatoric stress
(0p) of the fractured rock under a confinement of 30 MPa is obtained before single-step creep test. The applied creep deviatoric
stress is approximately 80% of o}, and the creep time is 539 h. The experimental results show that the fractured rock exhibits the
primary and secondary creep deformations without the tertiary creep deformation and creep failure. To characterize the creep
deformation behaviors of the fractured sandstone, a damage creep model based on the Burgers model and the effective stress
principle is established. The parameters of the damage creep model determined by the least squares method show distinct
time-scale effect. Therefore, a damage creep model considering time-scale effect is proposed to describe the creep deformation
behaviors of the fractured hard rock under different time-scales. In contrast, the proposed model agrees well with the test data.
Finally, the triaxial compressive tests and creep experiments are simulated using the particle flow code (PFC*"). The numerical
results agree well with the experimental ones. The research work may provide references for further investigations on the creep
deformation behaviors and models for the fractured hard rock.
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Table 1 Fitting results of Burgers model considering damage at

different time scales

e 1] K G, Ul G, 2 2
/h  /GPa /GPa /(GPa'h') /GPa /(GPa'h™)

26.68 16.12 2633.01 887.94 91.72  0.94

5 26.68 16.12 5570.00 714.01 141.26 0.94

10 26.68 16.12 951791 640.50 17329 0.94
15 26.68 16.12 12974.23 604.02 196.06 0.94
20 26.68 16.12 16877.41 571.26 22339 0.94
25 26.68 16.12 20904.13 543.48 25223 0.94
30 26.68 16.12 28361.02 506.52 297.32 0.93
35 26.68 16.12 37821.55 47727 33645 0.92
40 26.68 16.12 5301448 451.18 37249 0.92
45 26.68 16.12 69759.23 435.16 39497 0.92
50 26.68 16.12 125391.26 425.60 408.55 0.92
60 26.68 16.12 208029.11 415.88 422.69 0.93
80 26.68 16.12 346709.53 401.54 444.19 0.93
100 26.68 16.12 422908.32 395.89 453.00 0.93
120 26.68 16.12 462546.18 390.12 467.45 0.93
150  26.68 16.12 489557.02 385.69 469.71 0.93
200  26.68 16.12 502968.38 378.74 481.65 0.93
250  26.68 16.12 528149.33 37428 489.56 0.93
300 26.68 16.12 531973.25 370.43 496.57 0.93
350  26.68 16.12 547420.06 367.96 501.18 0.93
400  26.68 16.12 589295.68 365.69 50546 0.93
450  26.68 16.12 593795.11 363.84 509.02 0.93
500  26.68 16.12 580329.15 363.53 509.62 0.93
539 26.68 16.12 607326.29 364.33 508.06 0.93

# 2 T REFEIRET Burgers RIS HIUEER

Table 2 Fitting results of Burgers model at different time scales

e 1] K G, Ul G, 2 2
/h  /GPa /GPa /(GPa'h’') /GPa /(GPa‘h)

2 21.0 12.6  2055.17 712.55 82.09  0.95
5 21.0 12.6  4384.25 567.14 119.66 0.94
10 21.0 12.6 744243 507.59 14571 0.94
15 21.0 12.6 10158.32 477.46 16473 0.94
20 21.0 12.6 13252.11 450.21 187.87 0.94
25 21.0 12.6 16490.28 427.03 212.29 0.94
30 21.0 12.6 22533.84 369.82 249.15 0.93
35 21.0 12.6 30143.26 373.77 279.57 0.92
40 21.0 12.6  42280.51 353.57 30695 0.92
45 21.0 12.6 55670.02 341.19 324.03 0.92
50 21.0 12.6 68084.32 333.86 33432 0.92
60 21.0  12.6 205649.65 326.49 34489 0.92
80 21.0 12.6 33151242 315.44 36133 0.92
100 21.0 12.6 369227.06 311.13 368.03 0.92
120 21.0 12.6 374605.54 306.58 37537 0.92
150  21.0 12.6 425846.69 303.21 380.99 0.93
200  21.0 12.6 430152.33 297.74 39039 0.93
250 21.0 12.6 440282.60 294.24 396.65 0.93
300  21.0 12.6 459462.81 291.19 402.24 093
350  21.0 12.6 464384.11 289.24 40590 0.93
400  21.0 12.6 496597.25 287.44 40933 0.93
450  21.0 12.6 503120.21 28598 412.17 0.93
500 21.0 12.6 487981.55 285.74 412.64 094
539 21.0  12.6  497774.05 286.39 41136 0.94
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Table 4 Mesoscopic parameters of Burgers model

P S HUE P S HUE
K..,/GPa 21.2 K..s/GPa 21.2
Cyn /(GPa-d) 19238 Cp/(GPa-d) 19238
Ky, /GPa 230 K /GPa 230
Ci/(GPa-d) 35 Ci/(GPa-d) 35
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Fig. 11 Creep curves of test and numerical simulation
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