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Experimental study on permeability and porosity evolution of sandstone under
cyclic loading and unloading
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Abstract: In order to investigate the evolution of porosity and permeability of sandstone during the cyclic loading and
unloading, the cyclic loading and unloading tests on sandstone are carried out by using the test system of gas permeability
measurement for compact rock. The test results show that the porosity and permeability of sandstone decrease with the
increasing confining pressure. The permeability and porosity curve in the process of loading does not overlap that in the
unloading process. In the process of loading, the relationship among porosity, permeability and confining pressure can be well
described by an exponential function, and it can be well described by a power function in the process of unloading. The
permeability changes faster under low confining pressure than that under high confining pressure. The permeability changes
much more largely in the first cyclic loading, and from the second cyclic loading, due to the pre-compaction, the permeability
changes with the decreasing confining pressure. But in the process of unloading, the permeability gradually increases with the
decreasing confining pressure in the fifth cycles, and compared to that of the first cycle, the recovery of permeability is much
smaller with the increase of cycles.
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Fig. 1 Samples of sandstone
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Table 1 Physical parameters of sandstone
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HFEG S 3
1% /mm  /mm /g /(grem”)
H-1 8.040 49.28 49.12 231.52 2.47
H-3 8383  49.21 49.12 223.06 2.39
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first loading-unloading process
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Fig. 5 Fitting curves between porosity and pressure for H-1 and

H-3 in first loading process
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Fig. 6 Fitting curves between porosity and pressure for H-1 and
H-3 in first unloading process
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Table 2 Fitting parameters in loading process

fER A AHE a ) HRRER
. H-1 0.005 8.182 0.994
H-3 0.008 8.537 0.990
5 H-1 0.004 7.974 0.962
H-3 0.005 7.750 0.976
H-1 0.004 8.053 0.978
’ H-3 0.004 7.643 0.971
4 H-1 0.004 8.024 0.946
H-3 0.004 7.592 0.975
H-1 0.004 8.094 0.943
: H-3 0.004 7.605 0.981
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HAGA3 B IH LR A 5 0 B L e, AR
TRZE AN 3.0%H1 4.4%. AT, AE R N BOm
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Table 3 Parameters of sandstone in unloading process

TERREL A @y d KRR
. H-1 8.401 0.045 0.966
H-3 8.161 0.051 0.997
5 H-1 8.514 0.052 0.993
H-3 7.987 0.047 0.987
H-1 8.498 0.047 0.986
: H-3 7.987 0.048 0.989
4 H-1 8.446 0.044 0.985
H-3 7917 0.044 0.990
H-1 8.547 0.046 0.986
> H-3 7.998 0.052 0.991
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Fig. 10 Variation curves of permeability of H-1 and H-3 in first
loading-unloading process
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Table 4 Fitting parameters in loading process

RN S B ky HRARHR
. H-1 15.498 0.010 0.991
H-3 0.050 3.352 0.990
5 H-1 0.077 8.209 0.974
H-3 0.032 1.757 0.994
H-1 0.079 7.969 0.973
’ H-3 0.031 1.661 0.995
4 H-1 0.079 7.746 0.974
H-3 0.040 1.642 0.996
H-1 0.077 7.286 0.971
: H-3 0.030 1.631 0.997

x5 HEMBEWENRESY

Table 5 Fitting parameters in unloading process

RN S s & a ky HRAHR
I H-1 0.762 15.012 0.996
H-3 0.321 2.272 0.998
5 H-1 0.788 15.125 0.994
H-3 0.322 2.415 0.920
H-1 0.722 13.928 0.996
: H-3 0.310 2.260 0.921
4 H-1 0.766 13.788 0.996
H-3 0.331 2.177 0.997
5 H-1 0.779 13.798 0.993
H-3 0.331 2.161 0.993
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