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Abstract: Rock is a typical brittle non-uniform material that is rich in various internal defects
(cracks, pores, joints fissures), which make the rock damage and failure mechanism very com-
plex. Theoretical and laboratory experimental studies indicate that energy plays an important role
during rock deformation and failure and abrupt energy release causes rock failure. Under certain
conditions, this energy release can constitute an energy dissipation catastrophe. From the thermo-
dynamics perspective, the process of rock damage is irreversible and energy release, the essential
characteristic of rock deformation and failure, reflects the process of the propagation of internal
defects and decreasing strength. The process of rock damage is one of constant energy evolution,
so rock deformation and fracture can be well described from the energy viewpoint. Based on previ-
ous studies of rock damage, we know that the elastic modulus decreases while plastic strain emer-
ges in the loading process. Based on the above analyses, we can define the damage variable with
respect to energy. By relating the effective and total stress in the unloading stage of the stress-
stain curve, we can determine a method for calculating the damage modulus. We conducted a sta-
tistical analysis of the damage parameters of rock under uniaxial and triaxial states to calculate
and contrast the damage moduli. The results show the damage modulus to have a gradual decrea-
sing trend with increasing confining pressure, whereby the damage modulus first decreases and
then tends to stabilize. In addition, our method for calculating the damage modulus takes full ac-

count of the influence of the confining pressure. Building on the studies mentioned above, the
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analysis results of this paper promote further understanding of rock damage and failure.
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Fig.1 Energy conversion of rock system
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Fig.2 Dissipated energy and elastic strain energy

of rock mass element
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Table 1 Statistics of damage under uniaxial cyclic loading and unloading conditions

TERRE R D JRERE Es/GPa BERBHCE Y/(1078 ]« mm—3) D E1/GPa Y, D> E;/GPa Y,
1 0 79.32 579 0.0631  74.01 618 0.063 1  74.01 618
2 0.002 79.14 922 7 0.1285 68.85 10567 0.1249  69.14 10523
3 0.007 78.78 27 366 0.128 3 73.15 31175 0.1284  73.15 31177
4 0.013 78.32 46 901 0.158 0 72.52 54 976 0.147 3 73.44 54 285
5 0.043 75.89 62 492 0.2039 70.31 75118 0.1845 72,02 73332
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Fig.3 Variation curves of sandstone damage modulus

with cycle numble under uniaxial compression
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Fig.4 Variation curves of sandstone damage modulus

with cycle number under triaxial compression
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Table 2 Statistics of damage under triaxial cyclic

loading and unloading conditions

BUE PR3 HEE R

D| E|/GPa Dg Ez/(}Pﬂ

/MPa &K%t /MPa Es/GPa
1 20.32  7.712 0.649 1 14.82 0.649 1 14.82
2 30.09 9.001 0.490 7 11.64 0.527 3 10.80
10 3 39.91  9.221 0.379 8 10.79 0.4358 9.82
4 45.83  9.452 0.3893 9.86 0.4139 9.46
5 47.86 8.519 0.458 1 9.18 0.430 8 9.64
1 20.07 7.885 0.626 9 15.55 0.626 9 15.55
2 29.70 8.663 0.410 3 12.40 0.459 3 11.37
15 3 39.91 8.865 0.337 1 11.25 0.3823 10.48
4 49.98 8.875 0.297 0 10.49 0.337 3 9.89
5 55.95 8.990 0.257 1 10.52 0.3050 9.84
6 60.43 9.212 0.252 6 10.38 0.2881 9.89
1 20.28 6.087 0.693 3 7.131 4 0.693 3 7.13
2 30.01 6.519 0.490 8 6.255 5 0.536 8 5.69
20 3 40.03  6.663 0.402 1 6.005 4 0.451 7 5.51
4 49.76  6.606 0.356 9 5.920 7 0.401 6 5.51
5 60.11  6.558 0.335 8 5.914 4 0.371 4 5.60
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