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Study on energy evolution law of defective granite specimen under
uniaxial compressive loading and unloading

SU Xiaobo, JI Hongguang, PEI Feng, QUAN Daolu,ZHANG Tongzhao, GAO Yu

(School of Civil and Resource Engineering, University of Science and Technology Beijing, Beijing 100083, China)

Abstract; To investigate the regularity of energy evolution in the process of rock loading with imperfect bounding
surface, uniaxial cyclic loading and unloading compressive tests were conducted on granite with mineral bonding
slope, during which its acoustic emission was detected. It concludes that; 1) The " Effective energy ratio"
(defined as cumulative elastic energy / input rock total energy) can be used as a token of rock energy storage
level, which can also indirectly reflect the internal structure of the rock as the stress state changes. 2) The test
object’ s acoustic emission energy release rate at the bonding surface of the test object was higher than that at peak
intensity during the loading process. Acoustic emission at the site of bond surface release was short and strong, and
the duration of acoustic emission at peak intensity was long but the acoustic emission and energy release rate was
lower than that at bond surface failure. 3) No acoustic emission phenomenon occurred in the unloading process with
low stress level or such phenomenon could be ignored. However, when the stress reached a certain level , where the
elastic energy of granite accumulation exceeded the dissipation energy of local damage, short and intense brittle
failure occurred during unloading. 4) The " AE detection efficiency" ( cumulative AE / cumulative dissipation
energy ) is defined based on the fact that AE energy is part of the dissipative energy. It was found that " AE
detection efficiency" decreased during the compaction phase and increased in the elastic phase. It reached peak
value when the bonding surface was partially destroyed. After that, it tended to decrease until the peak intensity of
bonding surface was reached. 5) From the energy point of view, the stress level corresponding to unloading rupture
is lower than the loading strength, but it should not be lower than the stress level corresponding to the elastic energy
which is equal to the dissipation energy at peak intensity.
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Fig.1 Pressure device and acoustic emission system
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Fig.2  Test rock specimen
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Fig.4 Cyclic loading and unloading stress — strain curve
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Fig.5 Energy of each part of the granite changes with stress

during the loading process
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Tab.1 Energy change in unit volume rock specimen during loading and unloading

IRV J3 73/ MPa A PR /1077 SPERIERE/10 7] FEHAE/107°) A RELL
1 5 0.165 14 0.069 4 0.095 74 0.420 249 485
2 12 0.578 90 0.3179 0.261 00 0.549 144 930
3 23 1.448 00 0.9700 0.478 00 0.669 889 503
4 35 2.908 20 2.1010 0.807 20 0.722 439 997
5 47 4.973 80 3.0000 1.973 80 0.603 160 561
6 49 7.179 00 4.150 6 3.028 40 0.578 158 518
7 60 9.896 90 5.820 0 4.076 90 0.588 062 929
8 69 12.904 00 5.472 4 7.431 60 0.424 085 555
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Fig. 6  Relationship between the stress state ,energy and structure
of the rock
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Fig.7 Stress-strain curves of relatively intact granite and
corresponding relation between acoustic emission signal
and stress values
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Fig.9 AE energy accumulate at different stress level
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Fig. 10 Acoustic emission detection efficiency
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Fig. 11 Changing trends of different energies as stress changes
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