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Experimental research on energy dissipation and seepage properties of coal
under loading-unloading conditions at different stress levels
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Abstract: In this paper, loading-unloading experiments were carried out on gas-contained coal under different stress levels by using
self-made thermal-hydro-mechanical (THM) coupling equipment. The characteristics of the deformation, seepage and energy
dissipation of coal and rock were analysed, and the damage variable equation was also established by considering the energy
dissipation. Research results show that the cumulative residual deformation increases gradually with the advancing of cyclic
loading-unloading. The relative residual deformation decreases firstly, then maintains stable at a certain value, and finally rises again
when the coal sample is nearly destroyed. With the advancing of cyclic loading-unloading, the overall trend of permeability decreases
spirally, and then increases until the coal sample is fractured. Moreover, a sharp increase is observed at the moment of destruction.
The absolute recovery rate of permeability and relative recovery rate of permeability are defined as #j and 7x to quantitatively analyse
the changes of permeability in loading and unloading processes, respectively. It is found that 7; decreases firstly, and then increases at
the critical moment of destruction. However, 7y increases steadily during the process, where 7x maintains at 85%-95% in the elastic
stage, and 7x is more than 100% at the critical moment of destruction. With the advancing of cyclic loading-unloading, the
cumulative dissipated energy grows exponentially, and the single-stage cycle of dissipation energy increases. With the increase of the
axial stress, the principal stress difference increases, and the value of damage variable also increases. In addition, damage variable of
coal D¢ is 0.9 when coal is fractured.

Keywords: coal containing gas; different level loading-unloading; residual deformation; seepage; energy dissipation
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Fig.1 Triaxial stress thermal-hydro-mechanical
permeameter for gas-contained coal

2.2 WRIHEH

IR BT RERE L E R )1 2 Rk P L K,y
B, Ko B Z R DL B T 1 B, J& Tk
s R RERLR TO I, B TR
FEERERIRIENE . R A SRR 1 Fs. #
LR B KR S 6 B B 7 L, SRS R
EIFT BE I U SF N @50 mm>(10040.25 mm) IARiE
B, ERESE N 2 .

R1 BEEEASH
Table 1 Coal properties
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Fig.2 Prepared coal samples for testing
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Fig.3 Hierarchical loading-unloading curve
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Table 2 The basic experimental results of three coal samples

JHEFE NC-M-1(NC-M-2)

T

Yok RITERRT FEX TR AR AT BIBRLINE R BIERMENKER MFERLAE FLRAE I FEHLAE

/% /% /% /% /(102 MIM?) /(102 MImd)
1 0.144(0.149) 0.144(0.149) 56.8(54.1) 56.8(54.1) 3.68(3.68) 2.38(2.44)
2 0.193(0.191) 0.049(0.042) 49.2(45.6) 86.7(84.4) 5.35(5.63) 1.67(1.95)
3 0.221(0.225) 0.028(0.034) 44.3(41.5) 90.1(90.9) 7.64(8.14) 2.30(2.52)
4 0.254(0.262) 0.033(0.037) 40.4(33.1) 91.1(80.0) 10.40(11.50) 2.73(3.39)
5 0.286(0.284) 0.031(0.022) 37.5(28.9) 93.0(87.3) 13.60(15.20) 3.20(3.70)
6 0.316(0.327) 0.030(0.043) 35.9(24.8) 96.8(85.7) 17.30(20.40) 3.69(5.21)
7 0.348(0.386) 0.032(0.059) 34.7(37.5) 96.8(151.0) 21.70(27.10) 4.47(6.69)
8 0.387(0.473) 0.039(0.087) 35.5(101.0) 102.0(270.0) 27.20(36.40) 5.44(9.26)
9 0.450(-) 0.063(-) 40.3(-) 113.0(-) 35.20(-) 7.96(-)
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Fig.4 Stress-strain curves of coal under cyclic
loading-unloading at different levels
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Fig.5 Residual deformation at different stages
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Fig.7 Stress-strain and permeability-strain curves of NC-M-1 at different cyclic stages
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