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Rock Hardening and Damage Mechanism in Step Loading Creep Process
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Abstract: Based on the data analysis of the uniaxial step loading creep test of red sandstone, this paper studied the
creep property of red sandstone and probed the rock hardening and damage mechanism in the process of step loading.
The results show that at low stress level stage,the transient deformation modulus increases with stress levels and the
transcient strain reduces from 0. 037 2% to 0. 030 7% ,causing the red sandstone’s hardening, which is the dominant
rock mechanical property of this period. At moderate stress level stage,damage develops with the reinforcement of
hardening effect and both of hardening and damage keep developing while competing with each other. At high stress
level stage,the decrease of viscous coefficient leads to an increased damage diffusion rate,and with the creep strain
increasing from 0. 013% to 0.021 8% ,damage softening becomes the dominant mechanical behavior. A model was
then established by introducing the hardening function and damage variable into the generalized Kelvin model to de-
scribe the hardening-damage mechanism of red sandstone. After comparing the model results with the curve of red
sandstone tests,it is found that they are perfectly fitted.
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Tab.1 Loading scheme of creep tests
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Tab. 2 Results of step loading creep test
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Fig. 1 Uniaxial compression creep curves of red sandstone under step loading
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Tab. 3 Stress and strain statistics of the red sandstone specimen 2-3 under step loading
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40 18. 816 0.030 7 0.013 5 0.010 8 0.004 5
50 23.520 0.027 9 0.014 8 0.012 1 0.004 1
60 28. 224 0.020 4 0.015 6 0.004 2 0.004 5
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Fig. 2 Stress-strain curve of red sandstone
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Fig. 3 Curves of transient deformation modulus Fig. 4 Curves of creep viscous coefficient
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Tab. 4 Parameter identification of creep model
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Fig. 8 Results of test and fitting curve of model
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