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Experimental research on loading-unloading behavior
of coal-rock combination bodies at different stress levels
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Abstract: In this paper, MTS 815 test system has been used to study the failure behavior of coal-rock combination bodies under
different stress level cyclic loading-unloading. Experimental indicates that brittle failure is also the failure mechanism of coal-rock
combination body under cyclic loading-unloading, but the failure under cyclic loading-unloading is more fragmentized than that
under uniaxial loading. The failure strength under cyclic loading-unloading is higher than that under uniaxial loading; but the axial
and circumferential strain in the contrast. The loading curves of coal-rock combination body are usually not coincidence with the
unloading curves. In addition, they usually do not form a closed loop. In the first cycle, the residual deformation is large, and the
loading-unloading curve forms a horn-shaped curve. The relationships of the residual deformations and the loading-unloading elastic
modulus with the advancing of cyclic loading-unloading have been obtained in our tests, respectively. At the reverse position of
unloading and loading, when unloading to about 1 MPa, the unloading line is fluctuant; however loading again, loading line is almost
straight line in the early. In the all of cycles, some cycle loading lines are nearly coincidence with the unloading curves, some form
sharp edges, or some forms cross lines. With the increasing of the loading, the loading curves separate gradually with the unloading
curves. With the advancing of loading and unloading, strain phase gradually lags stress phase. The internal factors are the viscosity of
rock minerals and the friction between the interface between coal and rock, and the external factors are the irreversible residual
deformation under cyclic loading and unloading.
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Fig.1 Real samples of coal-rock combination body
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Table 1 Size and density of coal-rock combination bodies
WFE ., HffD ®WEH FEM HEp W v

[HEN

s /mm  /mm /g / (g/m®) / (m/s)

B 3456 3538 47.19 1.42

MR-0-1 2227.11
5 3494 3443 83.78 2.54
W 3477 3586 45.62 1.34

MR-0-2 2360.66
& 3489 3449 83.65 2.54
B 3458 3519 4425 1.34

MR-0-3 221325
H 3481 34.95 85.30 2.57
B 3477 3464 4424 1.35

MR-C-1 2346.87
H 3491 35.19 86.22 2.56
B 3476 36.69 45.12 1.30

MR-C-2 2003.58
& 3485 3499 85.03 2.55
B 3438 3475 42.82 1.33

MR-C-3 1379.56
& 3443 35.00 87.48 2.69
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Fig.2 MTS 815 testing machine system
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Fig.3 Level loading curve
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Table 2 Fundamental physico-mechanical parameters
of coal-rock combination bodies under uniaxial
compression tests

BERCR B VE{H R o

AR/ 103
N~ WA 7 AR A

/ GPa /MPa Hinle, Mg
MR-0-1 7.45 33.71 7.92 10.51
MR-0-2 5.41 2593 8.23 6.38
MR-0-3 4.54 18.37 7.32 9.61

(b) MR-0-2
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Fig.4 Failure images of coal-rock combination bodies
under uniaxial compression
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Fig.5 Stress-strain curves of coal-rock combination bodies
under uniaxial compression
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Fig.6 Failure images of coal-rock combination bodies
under stepped cyclic loading-unloading
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Fig.7 Stress-strain curves of coal-rock combination bodies
under level cyclic loading-unloading

K3 DEHR TS HGERERYE N ESH
Table 3 Fundamental physico-mechanical parameters of
coal-rock combination body under cyclic loading-unloading

BERR E R o WA AR/ 10

TR

/ GPa /MPa i e, Bl
MR-C-1 7.26 33.30 5.03 6.20
MR-C-2 7.29 31.99 4.98 2.27
MR-C-3 4.51 17.26 6.62 9.04
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body for different cycles
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