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Experimental study of permeability of broken coal

MA Zhan-guo, MIAO Xie-xing, ZHEN Zhan-qing, LI Yu-shou
(China University of Mining & Technology, State Key Laboratory for Geomechanics and Deep Underground Engineer,
School of Science, Xuzhou 221008, China)

Abstract: Much attention should be paid to the permeability of broken rocks in goaf for the sake of the gas outburst and disaster
prevention. Using a special device together with the MTS815.02 Rock Mechanics Test System, we tested the permeability of broken
coal during its compacting process, getting the relations between the axial stress and the differential seepage pressure and between the
pressure gradient and the seepage velocity. The effects of axial stress, grain size, and seepage velocities on the permeability
coefficient are analyzed. The results show that the permeability of broken coal with different sizes is closely related with its
compaction state: (1) the maximum value of seepage pressure will increase 3.28-166.47 times as the axial stress changing from 5
MPa to 15 MPa; the permeability coefficient of broken coal will decrease one magnitude; and (2) for a constant seepage velocity, the
differential seepage pressure and the axial stress can be expressed by an exponential function; and (3) for a constant axial stress, the
pressure gradient and the seepage velocity can be also expressed by an exponential function; and (4) the permeability coefficient of
broken coal will decrease with the increase of axial stress, having a logarithm functional relation between them.
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Table 1 Geometrical size of rock specimens
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Fig.1 Relation between differential seepage pressure and axial stress corresponding to different piston velocities
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Table 2 Relationship between the seepage pressure
difference and the axial stress

TEEEHE V/(mm/s)  HUE ENEpp HIXRH?

ml  Ap=0.0116¢""7% 0.986 2

51180 m2  Ap=0.014 9e:z:j° 0.986 5
m3  Ap=0.0185¢"2°7° 0.9789
m4  Ap=0.020 7”227 0.9757
ml  Ap=0.038 8”317 0.9840
m2  Ap=0.0518¢"%7%° 0.971 6

15/180 0287 1o
m3  Ap=0.066 0¢ 0.970 2
m4  Ap=0.0867¢"7%° 0.9809

30/180 ml  Ap=0.1058¢"*'%%7 0.990 2
m2  Ap=0.1203¢"14° 0.991 4
m3  Ap=0.1583¢"!1° 0.992 8
m4  Ap=0.204 8¢"%63° 0.994 1
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Table 3 Relationship between the pressure gradient and
seepage velocity

AT gy 1 XM
ml J=0.000 2¢*354 0.974 3
55 m2 J=0.000 3¢*>1¢ 0.9612
m3 J=0.000 4¢*% 0.948 9
m4 J=0.000 5¢°24% 0.9439
ml J=0.000 4¢°75%" 0.984 4
s m2 J=0.000 6¢*7 0.974 4
m3 J=0.000 7¢*13” 0.9827
m4 J=0.000 8”1 0.958 5
ml J=0.003 6¢°7°% 0.9823
10 m2 J=0.005 2e::: 0.940 3
m3 J=0.0062¢"7 0.954 1
m4 J=0.006 8¢"071 0.9617
ml J=0.012 8¢°**" 0.9914
m2 J=0.013 7&°3% 0.993 1
15 m3 J=0.015 5677 0.989 1
md J=0.017 1553 0.9855
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Fig.2 Curves of the seepage pressure gradient varying with the seepage velocity under different axial compressive stresses
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Fig.3 Curves of permeability coefficient changing with axial stress under the different velocities of the piston.
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Table 4 Relationship of permeability coefficient and
axial stress
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