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Abstract: In view of the nonlinear characteristics of rock creep, a nonlinear viscous component is proposed to
replace the two linear viscous components in the Burgers model. Accordingly, a non-stationary Burgers model is
established. The one-dimensional creep equation of the non-stationary Burgers model is deduced and the
concomitant influence of the range of parameters 1; and 1, in the model is analyzed. Then, the non-stationary
model is theoretically determined to describe the three stages of creep. On this basis, the creep equation of
non-stationary Burgers model is extended to three-dimensional stress state. Triaxial compression creep test curve
of rock in Xiangjiaba is fitted and its parameters are identified based on the Levenberg-Marquardt algorithm. By
comparing the fitted curve and correlation coefficient between stationary and non-stationary Burgers models, it
can be found that the fitted results of the non-stationary Burgers model are much better and can accurately
describe the creep features in three stages including the accelerated creep status. The applicability and rationality
of the established nonlinear model are verified.
Key words: rock mechanics; non-stationary Burgers model; three-dimensional creep equation; accelerated
creep; parameters identification
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Table 1 Parameter values of model identified by axial strain
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vPa Mpa G il G ! N . . K Gl wl Gl nd
GPa GPa (GPa-+h) GPa (GPa-h) GPa GPa (GPa+h) GPa (GPa-*h)

3.0 20 0622 0.133 12.127 0.501 0.098 -0.070 -1.674 0.9802 0.586 0.126 60.938 0.591 0.639 0.9506
3.8 20 0842 0181 16.039  0.749 0.650 -0.052 -0.529 09885 0.827 0.177 60.514  0.685 1.361 0.9767
4.8 20 1095 0.235 14175 0.626 0.491 -0.064 -0.623 09926 1.033 0.221  71.303  0.645 1.476 0.9733
5.8 20 1270 0.272 11.790 0.622 0.555 -0.069 -0.589 0.9956 1.181 0.253 69.783 0.612 1.689 0.9804
6.8 20 1390 0.298 9.502 0.608 0.443 -0.073 -0.633 0.9976 1.249 0.268 63.610 0.566 1.728 0.9836
7.8 20 1455 0.312 10.526 0.513 0.569 -0.065 -0.493 0.9980 1.331 0.285 58.738 0.506 1.485 0.9891
8.8 20 1522 0.326 7.847 0.480 0.469 -0.085 -0.518 0.9987 1.359 0.291 70.090 0.441 1.321 0.9887
9.8 20 1566 0.336 7.892 0.400 0.498 -0.072 -0.450 09990 1.397 0.299 52.674  0.385 1.198 0.9915
10.8 2.0 1.433 0.307 0.083 0.182 0.538 0.789 -0.186 0.9968 1.600 0.343 3.832 0.385 0.305 0.9540
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Table 2 Parameter values of model identified by axial strain
4k 58 # Burgers B 3% Burgers 17 2%
HWE/MPa BEEMPa kI G om! Gd ! , ; . Koad o Gd
GPa GPa (GPa-h) GPa (GPa<h) * GPa GPa (GPa-h) GPa (GPa-h)
3.0 2.0 0742 0159 7.802 0.358 0085 -0.356 -3.352 0.9820 0570 0.122 2848434 0571 0122  0.9694
38 2.0 3009 0645 8381 0413 0141 -0.346 -3.715 0.9842 1736 0.372 1076.151 0.825 0437  0.9636
4.8 2.0 1963 0421 15504 0.837 0361 -0.155 -1.622 09946 1.694 0363 277.910 1.011 0962  0.9799
5.8 2.0 1875 0402 24501 0.850 0455 -0.076 -0.648 09973 1.691 0.362 132.609 0.858  0.948  0.9872
6.8 2.0 1663 0.356 18.408 0.646 0432 —0.085 —0.546 09988 1505 0322 119.329 0644 0853  0.9911
7.8 2.0 1410 0302 20713 0490 0411 —0.052 -0.469 09994 1299 0278 70516 0515 0720  0.9945
8.8 2.0 1179 0.253 8373 0349 0263 -0.07 -0.576 0.9993 1.042 0.223 84542 0350 0539  0.9930
9.8 2.0 1011 0217 7294 0213 0220 —0.060 -0.451 0.9998 0.887 0.190 31.042 0223 0407  0.9949
10.8 2.0 0.731 0.157 0.087 0049 0136 1344 -0.289 0.9990 0.800 0.171 0926 0.155 0.109  0.9139
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