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Variable coefficient non-integer order rock unloading creep
model considering time-dependent damage
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2. Power China Huadong Engineering Corporation Limited, Hangzhou 310014, P. R. China; 3. State Key Laboratory of
Geohazard Prevention and Geoenvironment Protection, Chengdu University of Technology, Chengdu 610059, P. R. China)

Abstract: Traditional creep models are difficult to characterize the complete creep behavior of rock. In order to
reveal the unloading creep mechanical properties of granite, the high-potassium calc-alkaline I-type granite of a
pumped storage power station was taken as the research object, and the triaxial unloading creep test under the
constant axial pressure and unloading confining pressure stress path was carried out. The creep strain
characteristics and rock damage evolution pattern of granite during the unloading process were analyzed. Based
on the fractional calculus theory, a variable coefficient non-integer order unloading creep damage model which
can accurately describe the whole process of granite creep was constructed and extended to the three-

dimensional stress state. The results show that in the triaxial unloading creep test, with the decrease of
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confining pressure, the total axial creep strain of each stage of the sample increases continuously, and the total
axial strain is dominated by instantaneous elastic strain. The rock exhibits strain softening characteristics and
presents brittle failure. The parameter identification and fitting of the triaxial unloading creep test data were
carried out by using the variable coefficient non-integer order unloading creep damage model. The fitting results
show that the model can better describe the creep damage evolution characteristics of the high-potassium calc-
alkaline I-type granite in the Yanshan period.
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Fig.2 Standard specimens for triaxial unloading

creep test
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Fig. 3 Stress path of triaxial unloading creep test
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Fig.5 Triaxial unloading creep test curves under axial
pressure of 155.0 MPa
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Table 1 Triaxial unloading creep test data of

granite specimens
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Table 2 Parameter identification results of variable-coefficient non-integer order unloading creep model

considering aging damage

6,/MPa o,/MPa ¢/% K,/GPa G,/GPa 7,/(GPah)  7,/(GPah) G,/GPa 0 7,/(GPah) a a, R*
138.0 5.0 e<<e, 50.93 35.07 153.65 107.73 110.42 0.442 0.9350
138.0 4.0 e<<e, 49.54 34.11 89.59 92.35 84.67 0.437 0.962 5
138.0 3.0 e<<e, 48.98 33.72 70.00 75.76 79.65 0.430 0.9430
138.0 2.0 e<<e, 48.49 33.38 56.40 55.73 60. 54 0.418 0.9220
138.0 1.0 e<<e, 47.91 32.98 44.09 39. 30 40. 28 0. 350 0.936 6
138.0 0.0 e<<e, 46.88 32.28 24.01 27.91 28.73 0.214 0.959 1
138.0 0.0 e=e, 46.88 32.28 24.01 27.91 28.73 0.214 93.727 0.689 16.454 0.986 6
155.0 7.5 e<<e, 72.35 49.82 169. 21 237.07 242.05 0.6387 0.965 3
155.0 6.0 e<<e, 69.98 48.18 143. 05 223. 37 211.61 0.603 1 0.9409
155.0 4.5 e<e, 68.74 47.33 119. 30 186. 25 188. 36 0.5591 0.9279
155.0 3.0 e<e, 66.72 45.94 6.04 141.97 166. 40 0.516 2 0.9617
155.0 3.0 e=e, 66.72 45.94 6.04 141.97 166. 40 0.516 2  5320.67 0.082 1.091 0.9739
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Fig.9 Comparison between test curves and theoretical
curves of variable-coefficient non-integer order

unloading creep damage model
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