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To prevent and control the coal seam gas disaster affected by the reverse fault, we performed gas seepage tests, which consider
stress-loading and unloading schemes, to investigate the stress change and coal permeability of the mining coal with reverse
fault. The experimental results show that the mechanical behavior and permeability change of the mining coal are related to the
distance between the coal and the reverse fault. The stress concentration coefficient of the coal body gradually increases. The
closer is the distance between the coal and the reverse fault, the larger are the deviatoric stress peak and strain. In comparison
with the coal sample M1 that is 5m away from the reverse fault, the deviatoric stress peak and axial strain of the coal sample
M3, 35m away from the reverse fault, increase by 40.74% and 26.73%, respectively. In this stage, the permeability of M1, M2,
and M3 coal samples increases by 22.1%, 28.0%, and 36.7%, respectively. In another stage, the stress concentration coefficient of
coal increases to the peak and then decreases, causing the deviatoric stress peak and strain of coal to rise first and then fall. In
comparison with the coal sample M4 that is 65m away from the reverse fault, the deviatoric stress peak and axial strain of coal
sample M6, 5m away from the reverse fault, decrease by 29.48% and 5.55%, respectively. The permeability of coal samples M4,
M5, and M6 increases by 23.6%, 37.2%, and 20.8%, respectively. Based on the gas seepage test results, we established the
permeability model of mining-induced coal under the influence of a reverse fault, with consideration of the volume changes of
coal fractures induced by adsorption and desorption. In the model, the variations of permeability in both stages of the prepeak
and postpeak were deduced, which was verified with the experimental data. The verification results demonstrate that the
proposed model has the capacity to predict the permeability evolution of mining coal under the influence of a reverse fault.

1. Introduction

The geological fault structures are recognized as the reason of
earthquakes, seism, gas leakage, and outburst [1–5]. The gas
burst accidents in the Beipiao mining area, Jiaozuo mining
area, Yangquan mining area, and Huainan mining area, etc.
have been identified to be related to the structure dominated
by faults [6, 7]. The aperture of normal fault trends to widen-
ing with tensile stress, which provides a conductive path for
gas flow, while the reverse fault contributes to the seal fault
with compressive stress. Additionally, the stress concentra-
tion caused by horizontal compression leads to narrowing
the gas flow channels and reducing coal permeability. The
resulted accumulation of high-energy gas improves the possi-

bility of coal and gas outburst accidents in the mining coal.
Therefore, the reverse fault structure plays a predominate
role in the gas accidents. The gas accumulates in the area near
the reverse fault stably.

Because of mining, the stress changes in the area near the
fault result in the variation of coal permeability that causes
the gushing of accumulated gas and gas outburst accidents.
To prevent and control the coal-gas disaster in areas affected
by the reverse fault, it is necessary to study the roles of the
reverse fault on the stress evolution and permeability change
in the mining coal.

The permeability of coal is one of the key parameters that
controls the gas migration and predicts the gas gushing
amount. Moreover, it is also a key factor to explore the
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mechanism of coal and gas outburst. The permeability of
mining-induced coal body as a dynamic characterization
parameter of gas seepage during coal mining has been gain-
ing attention in the field of gas burst. The influence of coal
structure [8–10], surrounding rock stress [11, 12], pore
pressure [13, 14], and other factors on coal permeability
have been systematically studied. A series of coal perme-
ability models have been proposed. The isotropy perme-
ability models of coal refer to two types of models,
called strain-dependent and stress-dependent permeability
models [12, 15–18].

The permeability characteristics of the mining coal are
related to the bearing stress. The gas pressure gradient of
the driving face with faults was significantly higher than that
without faults [19]. When the mining face passed through the
fault, the mining disturbance would cause the activation of
the fault that causes a change in the permeability of coal
and rock mass on both sides of the fault. Meanwhile, due to
the release of mining-induced concentrated stress and resid-
ual tectonic stress, coal and gas outburst occurs more easily
[20]. According to the law of gas seepage in mining coal,
many classic permeability models of mining coal body have
been proposed, which establish the relationship between coal
permeability and effective stress or effective horizontal stress.
These permeability models could systematically characterize
the behaviors of gas seepage in mining coal body. However,
there are few studies on the evolution of coal permeability
with consideration of the influence of a reverse fault.

In this paper, the gas seepage tests with loading and
unloading conditions are carried out to investigate the per-
meability evolution of coal samples since the stress variation
characteristics of the coal body in the reverse fault area. Then,
we propose the permeability models for the prepeak and
postpeak stages. Moreover, the accuracy of the models is ver-
ified with the tested results.

2. Test Study on Stress and Permeability of
Mining Coal with a Reverse Fault

2.1. Test Plan. The stress change of mining coal in the area
near the reverse fault is shown in Figure 1 [21].

With the decrease of the distance away from the reverse
fault, the vertical stress of coal began to increase obviously.

The vertical stress value of the coal could be generalized as
(0.6-0.8)K ⋅ γ ⋅H. The test point was in the stress concentra-
tion area in front of the working face. The vertical stress value
reached the maximum K ⋅ γ ⋅H. The stress concentration
coefficient K was related to the distance L from the reverse
fault. Two kinds of stress changes would occur:

(a) First, the stress concentration coefficient of mining
coal gradually increased. In this situation, the bearing
capacity of the coal body was below its strength. The
coal stress in front of the working face gradually
increased

(b) Second, the stress concentration coefficient of mining
coal increased first. Then, when the bearing capacity
of the coal exceeded its strength, the coal body is des-
tructed and could not be effectively carried, decreas-
ing the stress concentration coefficient of the coal

To accurately acquire the characteristics of gas seepage in
mining coal with reverse fault, the test is carried out under
the similar condition of stress change in the field. The field
stress undergoes a transition from initial stress state to
mining-induced stress state, in which the vertical stress
increases and the horizontal stress decreases. Therefore, the
triaxial loading schemes are designed in the seepage test, in
which the mining-induced stress is reproduced through the
stress change of loading and unloading. The vertical stress
is simulated by axial pressure. The horizontal stress was sim-
ulated by confining pressure to revert the stress change law
under different distances between the mining-induced coal
and reverse fault. This paper mainly analyzed the change of
the stress concentration degree and permeability variation
of mining coal at the different positions away from the
reverse fault. Thus, the horizontal stress is assumed to equal
the vertical stress in the initial state. Additionally, the influ-
ence of pore pressure is neglected. Two groups of gas seepage
tests are designed according to the two change laws of stress
concentration coefficient of mining-induced coal with a
reverse fault. The first group of gas seepage tests simulated
the case that the stress concentration coefficient of coal
increases with an increment of the distance between mining
coal and reverse fault; the second group simulated the case
that the coal stress concentration coefficient increased first

σ1 = K𝛾H

σ1 = (1.02-1.39) 𝛾H

σ2 = σ2 = 0.2𝛾H
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Figure 1: Stress variation of coal with a reverse fault.
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and then decreased. Three loading schemes were designed for
each group of tests to study the coal stress and permeability at
different locations of the reverse fault distance. The details
are shown as follows:

(1) The first group of gas seepage tests: in the first group of
seepage tests, three loading schemes were designed.
Schemes 1, 2, and 3 simulated the stress change of
mining-induced coal body at 65m, 35m, and 5m
away from the reverse fault, respectively. The stress
concentration coefficient was set as 1.5, 2.0, and 2.5,
respectively. To facilitate the comparative analysis
of the influence of coal stress change on gas seepage,
the gas pressure was set as 1MPa. Each coal sample is
loaded in three stages: initial stage, first stage, and
second stage. The details for the test are described
as follows:

(a) In the initial stage, the coal stress without
mining-induced influence was simulated. The
initial stress of the three schemes was set as
15MPa and the loading rate as 0.0083MPa/s [22]

(b) In the first stage, the simulated coal body was in
the position where stress was significantly
increased, and the vertical stress of the coal body
increased significantly. According to the conclu-
sion that the coal body stress was generalized into
(1.02-1.39)γ ·H and set at 1.3γ ·H, and the hori-
zontal stress corresponded to the vertical stress,
which was adjusted through the unloading rate

(c) In the second stage, the coal was simulated to
be in the stress concentration area until the
coal was destructed. In Scheme 1, the loading
rate was set as 0.0083MPa/s. The loading rates
of Scheme 2 and Scheme 3 are 0.0083MPa/s
and 0.0166MPa/s, respectively. To acquire the
mechanical behavior and gas seepage characteris-
tic parameters of coal samples after destruction,
displacement control was adopted in the post-
peak process

(2) The second group of seepage tests: the second group
of seepage tests simulated the case that the coal
stress concentration coefficient first increased and
then decreased with the decrease of the distance
between the mining-induced coal body and the
reverse fault under the influence of reverse fault.
Three loading schemes were designed as the load-
ing rates of Schemes 4, 5 and 6, respectively. Other
settings are the same as those in the first group of
gas seepage tests.

2.2. Test Equipment and Preparation of Coal Samples. Amul-
tiphysics coupling test system, as shown in Figure 2, is used in
the test with the maximum axial pressure of the system up to
380MPa, the maximum confining pressure up to 100MPa,
and the maximum temperature of the system up to 150°C.

The test pressure, gas pressure, gas volume, coal sample
deformation, and other parameters that change with time
are recorded by the acquisition system on time. The porosity,
the amount of free gas, the swelling deformation caused by
the amount of absorbed gas, and the permeability of gas are
measured simultaneously under the combined action of the
deviatoric stress, hydrostatic pressure, temperature, and
other factors. The representative coal sample with good
integrity is selected. A drilling sample machine is used to drill
a cylinder core with a diameter of 50mm from the complete
coal block. A coal and rock cutting machine was used to cut
the coal core into a cylinder with a height of 100mm
(Figure 3). The basic physical parameters of the coal sample
are shown in Table 1.

2.3. Test Results and Analysis. Steady state method was used
to test coal permeability; the permeability of coal could be
calculated as

k = 2Q0 ⋅ p0 ⋅ μ ⋅ L
A ⋅ p21 − p22
� � , ð1Þ

where k is the permeability of coal, Q0 is the gas volume
flow rate at the outlet under the standard state, μ is the
dynamic viscosity coefficient of the gas, L is the length
of coal sample, A is the cross-sectional area of the coal
sample, p1 is the gas pressure at the inlet end, and p2 is
the gas pressure at the outlet.

Figure 4 shows the deviatoric stress, axial strain, radial
strain, and volumetric strain of the six loading schemes. At
the initial loading stage and the first loading stage, the coal
samples occur in the elastic deformation. The volumetric
deformation is in the compression state. In the yield and
failure stages, the coal samples expand significantly. The
deviatoric stress decreases, and the strains continue to
increase. Different loading conditions lead to different
stress-strain relationships of coal samples, which indicate
that the mechanical behaviors of the mining coal are dif-
ferent due to different distances between the coal and the
reverse fault.

In the first group, when the stress concentration coeffi-
cient of mining coal increases gradually, the peak value of
deviatoric stress is low for coal sample M1. This is because
the axial stress has a low loading rate and the same unloading
rate as that of the confining pressure, which leads to lower
confining pressure and lower strength and decreases ductility

Figure 2: The multiphysics coupling test system.
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in the axial loading process. The coal trends to damage with a
lower confining pressure. Sample M3 has a high peak value of
deviatoric stress because of the high loading rate of axial
stress and the corresponding high confining pressure in the
axial loading process. The axial strain, radial strain, and vol-
umetric strain of coal sample M3 at the peak position of
deviatoric stress are the highest, and the volumetric strain is

correspondingly large after complete destruction. It is con-
cluded that when the distance between the mining coal and
the reverse fault decreases and the stress concentration coef-
ficient of the coal increases gradually, the deviatoric stress
peak and strain increase.

In the second group, the deviatoric stress peak value of
sampleM6 is the smallest due to the lowest axial compression

(a) Collected test coal (b) Borehole sampler

(c) Trial coal sample

Figure 3: The collected coal, borehole sampler, and trial coal sample.

Table 1: Physical parameters of coal specimens.

Sample number Diameter (mm) Height (mm) Volume (cm3) Mass (g) Density (g/cm3)

M1 50.30 96.03 190.82 252.77 1.32

M2 49.57 104.18 201.05 277.40 1.38

M3 50.18 88.56 175.14 236.75 1.35

M4 50.59 98.51 198.02 269.94 1.36

M5 50.15 103.64 204.72 278.75 1.36

M6 50.38 85.90 171.24 225.01 1.31
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Figure 4: Deviatoric stress-strain of (a) samples M1, M2, and M3 and (b) samples M4, M5, and M6.
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loading rate. Sample M5 has the largest peak value of devia-
toric stress for the largest axial compression loading rate.
Both deviatoric stress peak and strain increase and then
decrease as the stress concentration coefficient of coal rises
and then goes down.

Table 2 lists the mechanical parameters in the two groups
of tests. Compared with sample M1, the deviatoric stress
peak and axial strain of sample M3 increase by 40.74% and
26.73%, respectively. Compared with sample M4, the peak
deviatoric stress and axial strain of coal sample M6 decrease
by 29.48% and 5.55%, respectively. With the same confining
pressure, a higher axial compression loading rate results in
larger deviatoric stress peak and ductile deformation.

Figure 5 shows the curves of volumetric strain and per-
meability of coal samples under different loading schemes.
In the prepeak stage, the coal sample is compacted with the
increase of stress. When the internal fracture is nearly closed,
the volume of the coal samples is compressed and the volume
strain and permeability decrease. In the postpeak stage, the
coal sample reaches the peak of deviatoric stress with the fur-
ther increase of stress. The new fractures are generated at the
same time. The coal sample is damaged until the coal sample
was destructed. The volume strain and permeability of the
coal sample increase and reach the maximum.

The permeability of samples M1, M2, and M3 increases
by 22.1%, 28.0%, and 36.7%, respectively. The distance
between mining coal and reverse fault decreases, and the
stress concentration coefficient of coal body gradually
increases. The enhancement of coal permeability is inversely
proportional to the distance from the reverse fault. The closer
is the distance to the reverse fault, the greater is the increment
of coal permeability. The permeability of M4, M5, and M6
coal samples increases by 23.6%, 37.2%, and 20.8%, respec-
tively, associated with the corresponding changes of the
stress concentration of coal.

3. Permeability Model of Mining Coal with the
Reverse Fault Area

Due to the long-term tectonic stress loading on the coal in the
area near the reverse fault, the fracture and pore structures
inside the coal seam change. The dip angle, drop, and other
factors of the reverse fault would affect the coal stress under
the mining. Therefore, the permeability of the coal is related
to the stress. In this section, the coal is simplified as the
double-pore structure with pores and fractures, which refer

to the coal matrix containing micropores and the fracture
network, respectively.

3.1. Permeability Model of Mining Coal at Prepeak Stage. In
the prepeak stage, the coal body is deformed with the combi-
nation of gas adsorption and desorption, tectonic stress, and
mining stress. The coal body is assumed to be a continuous,
uniform, and isotropic medium. The deformation of coal
accords with the hypothesis of small deformation. The ideal
gas flow in the coal seam is assumed to be an isothermal pro-
cess without considering the influence of temperature.

The permeability of gas flow in the coal seam is mainly
attributed to the fracture network in the coal seam, while
the contribution of matrix micropores is ignored. Therefore,
it is assumed that the mechanical behavior of the coal under
stress is mainly caused by the change of fracture inside the
coal. The coal matrix containing micropores is regarded as
the solid skeleton of the porous elastic coal seam. Thus, the
coal is treated as the porous medium. According to the defi-
nition of the porosity of porous media, the fracture porosity
of coal is given as [23]

∅ =
V f

Vb
, ð2Þ

where Vb is the volume of coal (m3) and V f is the volume of
the coal fracture.

From Equation (2), we have

d∅ = d
V f

Vb

� �
=
V f

Vb

dV f

V f
−
dVb

Vb

 !
: ð3Þ

Submitting Equation (2) into (3), Equation (3) is rewrit-
ten as

d∅
∅

= dεvb − dεvf , ð4Þ

where dεvb = −ðdVb/VbÞ is the change of coal volume strain
and dεvf = −ðdV f /V f Þ is the variation of the volume strain
of the coal fracture.

The volumetric strain of coal is assumed to be affected by
the average stress of coal σm. Therefore, the volume and frac-
ture deformation of the coal under the combined of average
stress change dσm and gas pressure change dp are analyzed
to derive the volume strain changes of the coal. The stress

Table 2: Physical parameters of the test.

Loading schemes Coal sample
Distance between mining
coal and reverse fault (m)

Peak value of deviatoric
stress (MPa)

Location of peak damage
σ3 (MPa) ε1 (%) ε3 (%) εv (%)

Scheme 1 M1 65 18.21 5.70 0.74 -0.20 0.25

Scheme 2 M2 35 24.75 6.12 1.02 -0.38 0.27

Scheme 3 M3 5 30.73 6.57 1.01 -0.33 0.35

Scheme 4 M4 65 24.42 6.31 0.76 -0.36 0.02

Scheme 4 M5 35 30.35 6.77 0.73 -0.35 0.03

Scheme 5 M6 5 18.86 6.15 0.72 -0.37 -0.02
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states of the average stress change amount dσm and the gas
pressure change amount dp are assumed to be the superposi-
tion of the two stress states. At first, the coal is affected by the
pore gas pressure change dp and the same amount of pres-
sure change dpc = dp. Then, the coal body is subjected to
pressure change dpd = dσm − dp with the change of pore gas
pressure of zero. The schematic diagram of stress state
decomposition of the representative fracture element in coal
is shown in Figure 6 [24].

For the first load, the gas pressure inside the coal fracture
changes. Meanwhile, the influence of gas adsorption in the
coal is considered. The volumetric strain change of the coal
is decomposed into the volumetric strain change of coal
induced by mechanical action dεmvb and the volumetric strain
change of coal induced by gas adsorption dεsvb. The volumet-
ric strain change of the coal fracture is decomposed into the
volumetric strain change of the coal fracture caused by
mechanical part dεmvf and the volumetric strain change of coal
fracture caused by gas adsorption dεmvf , namely,

dε1vb = dεmvb + dεsvb, ð5Þ

dε1vf = dεmvf + dεsvf : ð6Þ

The volumetric strain change of coal dεmvb with the first
load is expressed as

dεmvb =
dp
Ks

, ð7Þ

where 1/Ks = −ð1/VbÞð∂Vb/∂pÞfpd ,εsvbg. Let Ks be equal to Km.

Km is the bulk modulus of the coal matrix. Equation (7) is
changed into

dεmvb =
dp
Km

: ð8Þ

Under the first loading condition, the volume strain
change variable dεmvf caused by mechanical action is
expressed as

dεmvf =
dp
K∅

, ð9Þ

where 1/K∅ = −ð1/V f Þð∂V f /∂pÞfpd ,εsv f g. Since small deforma-

tion occurs in the coal, we consider that the parameter Kϕ is
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Figure 5: Relationship between volumetric strain permeability and deviatoric stress during the process.
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equal to the volume modulus of the coal matrix Km. There-
fore, Equation (8) could be changed into

dεmvf =
dp
Km

ð10Þ

By substituting Eq. (8) into Eq. (5), the volume strain
change of coal under the first load is obtained as follows:

dε1vb =
dp
Km

+ dεsvb: ð11Þ

By substituting Equation (9) into Equation (5), the vol-
ume strain change of the coal fracture under the first load is
obtained as follows:

dε1vf =
dp
Km

+ dεsvf : ð12Þ

In the case of the second load, the change amount of the
gas pressure in the coal body is zero. The change amount of
the coal volume strain induced by gas adsorption and the
change amount of the fracture volume are neglected. The
change of the coal volume strain under the second load is
expressed as [25]

dε2vb =
dσm − dp

K
, ð13Þ

where 1/K = −ð1/VbÞð∂Vb/∂pdÞfp,εsvbg and K is the bulk

modulus of the coal.
The volumetric strain change of the coal fracture under

the second load is given as

dε2vf =
dσm − dp

K f
, ð14Þ

where 1/Kf = −ð1/V f Þð∂V f /∂pdÞfp,εsv f g and Kf is the fracture

bulk modulus of the coal.
According to the superposition principle, the volumetric

strain change of coal is obtained as

dεvb =
dσm − dp

K
+ dp
Km

+ dεsvb: ð15Þ

The volume strain change of the coal fracture is

dεvf =
dσm − dp

K f
+ dp
Km

+ dεsvf : ð16Þ

Substituting Equations (15) and (16) into Equation (4),
we have

d∅
∅

= 1
K

−
1
Kf

 !
dσm − dpð Þ + dεsvb − dεsvf

� �" #
: ð17Þ

In the prepeak stage, the volume modulus K and the coal
fracture volume modulus Kf are regarded as constants. Inte-
grating Equation (17) with time, we get

∅
∅0

= exp 1
K

−
1
Kf

 !
σm − σm0ð Þ − p − p0ð Þ½ �

(

+ εsvb − εsvb0ð Þ − εsvf − εsvf 0

� �h i)
,

ð18Þ

where the subscript 0 represents the parameter under the
initial stress condition.

For the coal seam containing gas, the adsorption/desorp-
tion of gas causes expansion/contraction of the coal body.
The coal volume strain caused by gas adsorption/desorption
is expressed as

εsvb = −
3a∙ρm∙R∙T∙ln 1 + bpð Þ

EA∙VA
, ð19Þ

where ρm is the density of coal, R is the general gas constant,
T is the absolute temperature, VA is the molar volume of the
gas, a is the limit adsorption capacity at the reference pres-
sure, b is the adsorption equilibrium constant of coal, and
EA is the adsorption swelling modulus of coal matrix.

The adsorption/desorption of the coal gas not only causes
the volume deformation of the coal matrix but also leads to
the volume change of the coal fracture. It is generally
assumed that the adsorption/desorption deformation of the
coal body completely affected the volume deformation of
the coal matrix without causing the change of the fracture
volume. Therefore, the influence of gas adsorption on the
fracture deformation of coal is not considered. In addition,
coal adsorption is stronger under the influence of the reverse
fault. Ignoring this influence would affect the accuracy of

= +dp dp

dpe = dp dpd = dσm–dpdσm

Figure 6: Stress state decomposition diagram of representative fracture element.
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permeability prediction. The related research results show
that there are many inorganic minerals inside the coal frac-
ture, which would hinder the deformation of the fracture.
When the coal is deformed due to gas adsorption/desorption,
the volume of the matrix of the coal changes. Meanwhile, the
adsorption/desorption deformation of the coal affects the
volume of the fracture. Therefore, to better characterize the
permeability variations of mining coal with the reverse fault,
the volume strain of coal caused by gas adsorption/desorp-
tion εsvb is used to represent the volume strain of coal
fracture εsvf , namely,

εsvf =Ψ εsvbð Þ: ð20Þ

By expanding Equation (20) according to Taylor’s for-
mula at εsvb = εsvb0, and discarding the higher-order trace
above the second order, we get

εsvf = εsvf 0 + f εsvb − εsvb0ð Þ, ð21Þ

where f = ð∂Ψ/∂εsvbÞjεsvb−εsvb0 refers to the adsorption deforma-

tion coefficient of the coal fracture. In the prepeak stage, the
adsorption deformation coefficient f of the coal fissure is
regarded as a constant.

By substituting Equation (21) into Equation (18), the
porosity change of coal fracture is given as

∅
∅0

= exp 1
K

−
1
Kf

 !
σm − σm0ð Þ − p − p0ð Þ½ �

(

+ 1 − fð Þ εsvb − εsvb0ð Þ
)
:

ð22Þ

According to the Kozeny-Carman equation, the relation-
ship between coal permeability and porosity is expressed
as [26]

k = ∅3

CS2 1−∅ð Þ2 , ð23Þ

where C refers to Kozeny-Carman constant, which is related
to the tortuosity of the fracture, and S is the fracture surface
area per unit volume of porous media. In the prepeak stage,
since the coal has small deformation, C and S are regarded
as constants. Based on the Kozeny-Carman equation, the
evolution of coal permeability is obtained:

k
k0

= ∅
∅0

� �3 1 −∅0
1−∅

� �2
, ð24Þ

Since the porosity of the fracture is generally less than
10%, which is far less than 1, therefore, the second item on

the right of Equation (24) is ignored. The relationship
between permeability and porosity is expressed as [12]

k
k0

= ∅
∅0

� �3
: ð25Þ

By substituting Equation (22) into Equation (25), the
permeability of coal at the prepeak stage is obtained:

k
k0

= exp 3 −cf σm − σm0ð Þ − p − p0ð Þ½ � + 1 − fð Þ εsvb − εsvb0ð Þ� 	
 �
,

ð26Þ

where Cf is the compression coefficient of the coal fracture.
Equation (26) can be rewritten as [17]

k = k0∙exp −3cf σe − σe0ð Þ� 	
, ð27Þ

where the effective stress of coal σe = σm − p + ð1 − f Þðεsvb/cf Þ.
3.2. Permeability Model of Mining Coal at Postpeak Stage.
The stress state of the coal in the area near the reverse fault
changes continuously with mining. The abutment pressure
gradually increases from hydrostatic pressure to the peak
value until the coal breaks. Under the influence of the reverse
fault, the abutment pressure of mining coal changes. As the
horizontal stress unloads, the damage and failure occur in
coal, which affects the distribution and evolution of the coal
fracture as well as characteristics of gas seepage.

Generally, the stress-dependent permeability model or
strain-dependent permeability model is used to analyze the
characteristics of gas seepage in mining coal. According to
the gas seepage test results, when the mining coal enters the
postpeak stage under the influence of the reverse fault, the
damage and fracture occur inside the coal. The density of
the fracture increases greatly. Currently, unrecoverable inter-
nal damage occurs to the coal. The increase of the fracture of
the coal is also unrecoverable. Therefore, we consider the
effects of effective stress and internal damage. The compres-
sion coefficient and adsorption deformation coefficient of
the coal fracture is related to the fissure structure in the coal
body. The relationship between the effective stress and per-
meability of coal changes gradually with the development
of the damage of coal. In the continuum damage mechanics,
the damage variable is used to describe the damage degree of
the medium. Therefore, the damage variable could be used to
reflect the degree of fissure development in the coal body.
Then, by analyzing the relationship between the damage var-
iable and permeability, the influence of the damage on the
permeability of the coal is obtained. The damage variable is
defined as

D = 1 − E
E0

, ð28Þ

where E is the secant elastic modulus corresponding to the
current stress state in the total stress-strain curve. E0 refers
to the elastic modulus of coal in the initial state.
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Figure 7: Continued.
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At this stage, the change of gas permeability caused by
coal damage and destruction has a linear relationship with
the coal damage variable. In this case, the permeability equa-
tion of the coal body in the postpeak stage is expressed by
multiplying the prepeak permeability equation by the
correlation coefficient [27]. The evolution of permeability is
written as

k
k0

= 1 + γDð Þ exp 3 −cf σm − σm0ð Þ − p − p0ð Þ½ ��

+ 1 − fð Þ εsvb − εsvb0ð Þ	�, ð29Þ

where γ is the influence coefficient of damage on permeabil-
ity. By rewriting Equation (29) in the same form as Equation
(27), we have

k = k0∙ 1 + γDð Þ exp −3cf σe − σe0ð Þ� 	
: ð30Þ

Thus, the permeability model of the postpeak stage of
mining coal under the influence of the reverse fault is
deduced. By combining Equations (27) and (30), it can be
found that the permeability of mining coal under the influ-
ence of the reverse fault presents an exponential growth trend
with the stress at both prepeak and postpeak stages. The
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Figure 7: Experimental and theoretical values of permeability and deviatoric stress.
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influence of damage and fracture on gas seepage is consid-
ered in the permeability model of coal in the postpeak state,
while is neglected in the prepeak state. In the prepeak stage,
the permeability of coal depends on the elastic change of coal
fracture volume, which is calculated by Equation (27). In the
postpeak stage, coal permeability is affected by the postpeak
damage variable, which is calculated by Equation (30).

3.3. Verification of the Permeability Model. To verify the
accuracy of the proposed permeability model of coal, we
compare the gas seepage tests results with the calculated
results of the permeability model. The results are shown in
Figure 7. The relevant parameters are listed in Table 3.
Figure 7 shows that the permeability test data are basically
consistent with the theoretical calculation results. During ini-
tial loading, the coal sample is in the prepeak stage, in which
the coal fracture is gradually closed, and the permeability
decreases. As the loads gradually increase to the peak value,
the coal sample enters the postpeak stage, in which damage
occurs, resulting in a new fracture. The increase in perme-
ability accelerates the gas seepage. In both the prepeak stage
and the postpeak stage, the permeability of coal samples
varies exponentially with the stress, which demonstrates that
the proposed permeability model has a good rationality and
applicability. Overall, the verification results indicate that
the permeability is suitable for the mining coal under the
influence of the reverse fault.

4. Conclusions

In this paper, to study the role of the reverse fault on the per-
meability evolution in mining coal, we performed a gas seep-
age test with consideration of stress-loading and unloading
schemes and proposed a permeability model, which involves
the changes of permeability in the prepeak and postpeak
stages. The main conclusions are derived:

(1) Permeability decreases in the prepeak stage and then
increases in the postpeak stage. As the distance
between mining coal and the reverse fault decreases,
the stress concentration coefficient of coal increases
gradually. In another case, the stress concentration
coefficient of coal, as well as the deviatoric stress peak
and strain, increases first and then decreases

(2) The test results show that the change of permeability
is not only related to the failure deformation of coal

but also closely related to the fracture propagation
inside the coal. In the postpeak stage, damage occurs
in the coal. The change of permeability has a linear
relationship with the damage variable

(3) The permeability model of the mining coal under the
influence of the reverse fault was established. The cal-
culation expressions of the prepeak and the postpeak
permeability of coal were deduced. The function of
the coal volume strain caused by gas adsorption/
desorption was used to express the influence of gas
adsorption/desorption on the coal fracture volume.
The comparison between experimental data and the
calculated result of the permeability demonstrates
that the permeability model is capable of characteriz-
ing the permeability evolution of mining coal under
the influence of the reverse fault
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