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Energy characteristics of progressive damage of Jinping marble
under cyclic loading and unloading

LIU Xiao-pei"2, JIANG Quan', LI Shao-jun!, XIN Jie"2, CHEN Peng-fei' 2
(1. State Key Laboratory of Geomechanics and Geotechnical Engineering, Institute of Rock and Soil Mechanics, Chinese Academy of Sciences,
Wuhan, Hubei 430071, China; 2. University of Chinese Academy of Sciences, Beijing 100049, China)

Abstract: In order to investigate the energy characteristics of Jinping marble during progressive damage, triaxial cyclic loading and
unloading tests on marble samples under five different confining pressures were carried out. The evolution of elastic modulus, the
rule of energy evolution and distribution, the effect of confining pressure on energy evolution, and the characteristics of progressive
damage evolution of marble under cyclic loading and unloading were analyzed. Furthermore, the energy failure criteria of rock
strength based on energy consumption ratio and energy consumption difference were systematically discussed. The results show that
both the loading and unloading elastic moduli of the marble are monotonically degraded during the whole deformation and failure
process from the initial yielding to the residual stage. The deviation of elastic strain energy calculation with the assumption of
constant modulus of elasticity should be avoided. The increase of confining pressure can not only effectively enhance marble's energy
absorption and storage efficiency, but also strengthen marble's energy absorption and storage limit. It can also restrain marble's energy
dissipation efficiency and the increase amplitude of dissipation energy. The ratio of elastic energy decreases and the ratio of
dissipative energy increases from pre-peak to post-peak, and the ratio of residual energy tends to be stable. The residual elastic energy
and the residual dissipated energy increase approximately linearly with the increase of confining pressure, while the maximum elastic
energy and the maximum dissipated energy increase nonlinearly with the increase of confining pressure. The modified damage
evolution equation considering initial damage and residual bearing capacity can well capture the variation characteristics of damage
variable based on dissipative energy under different confining pressures. The criterion of energy consumption ratio based on the

definition of energy relative proportion can be regarded as the criterion of failure of marble material. While the criterion of energy
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consumption difference based on the definition of absolute difference of energy can be regarded as the criterion of failure of marble

structure.

Keywords: marble; cyclic loading and unloading; evolution characteristics of energy; damage features; failure criterion
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Fig.2 Stress-strain curves of marble specimens under triaxial loading and unloading with different confining pressures
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Fig.3 Illustration of determination of characteristic stress
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Table 1 Testing results of characteristic stress and elastic modulus of rock specimens
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Table 2 Characteristic energy indices of marble

BIE  BRHMERE  BORFEHEE  RARMMERE  BRARFEAGE
/MPa /(MJ-m?) /MJ-m?) /(MI-m? /(M m?)
20 0.906 0.753 0.059 0.273
30 1.307 1.134 0.261 0.551
40 1.449 1.310 0.402 0.802
50 1.778 1.418 0.560 0.974
60 2.170 1.491 0.671 1211
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Fig.8 Variation of characteristic energy indices with
confining pressures
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Table 3 Fitting parameters of damage variable
evolution equation

EE)iS MEZH

/ MPa K L M N e
20 0.588 7.399 0.612 0.197 0.937
30 0.828 8.971 0.261 0.286 0.966
40 0.963 10.021 0.355 0.290 0.957
50 1.041 9.903 0.309 0.318 0.958
60 0.836 11.979 0.332 0.330 0.953
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Fig.11 Stress -energy consumption-strain curves of marble under cyclic loading and unloading conditions
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