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Damage characteristics and constitutive model of rock under three-
dimensional high static load and frequent dynamic disturbance
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(1. School of Energy Science and Engineering, Henan Polytechnic University, Jiaozuo, Henan 454000, China;
2.School of Resources & Safety Engineering, Central South University, Changsha, Hunan, 410083, China)

Abstract: Using a modified split Hopkinson pressure bar (SHPB), the tests were conducted on deep rocks under three-dimensional
(3D) high-static load and frequently dynamic disturbance. Then dynamic stress-strain curves were obtained for describing general
features, which can be divided into four stages, namely, steady development of microcracks, non-stable development of microcracks,
fatigue damage, and fatigue destruction. Particularly, two stages after the peak value were in the dynamic stress unloading process.
Based on the continuous divisor, strain equivalent principle and statistic damage principle, a fatigue variable of rock was defined and
a damage evolution equation was deduced. Then, a combination model was adopted to establish a damage constitutive model.
Compared with testing data, a damage evolution law of rock and the established damage constitutive model were verified. The
damage variable was also calculated using the deduced damage evolution equation. Experimental results show that the relevant curves
between the damage variable and dynamic strain conform to damage law of rock samples. It is also found that the established fitting
curves of constitutive equations show comparatively good agreement with experimental curves. Hence, it indicates that the
established damage constitutive model can be used to predict dynamic mechanical characteristics of deep rock under 3D high-static
load and frequently dynamic disturbance.
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Fig.5 Diagram of micro-unit parameters of rock
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Table 2 Testing parameters and theoretical fitting parameters

iy P = Ea1 n a c 5 ; to ey
/ MPa / GPa / GPa / (GPa-s) /103 /(107%'s) /s iy
125 78.70 62.68 500~1 000 1.05 3.68 20.06 -1.43 658.8 300 1.48 13
WE 145 74.37 41.07 500~1 000 1.45 3.37 19.63 -2.14 17438 340 7.45 19
165 68.52 37.18 500~1 000 1.25 4.02 19.39 -2.11 1108.2 380 15.15 14
120 51.60 41.64 500~1 000 1.75 5.24 23.97 -0.89 1763.3 280 11.67 19
p8Us 140 187.19 134.57 500~1 000 0.68 1.94 19.38 -1.89 536.8 320 1.08 5
160 67.88 24.70 500~1 000 1.65 3.86 20.17 -1.95 833.1 360 35.59 12
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