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Abstract
The dynamic characteristics of gas flow are often not considered in a true triaxial stress environment, making the simulation test
hard to meet the requirement for coal and gas outburst in reality. To solve this issue, we investigated the deformation and gas flow
characteristics of coal-like briquette under true triaxial stress conditions using self-developed triaxial servo-controlled seepage
equipment for fluid-solid coupling of coal containingmethane. Analysis of the experimental data revealed the relationship of coal
body’s stress to strain as well as the relationship of their permeability. The results showed that in the conventional triaxial and true
triaxial compression seepage tests, the relationship of stress-strain-permeability varies at different stages. The stress-strain curves
in the whole stress-strain process of coal show a trend of decrease after increase, while the permeability-strain curves show a trend
of increase after decrease. There is a “stress-sensitive zone” in the influence of the intermediate principal stress on the minimum
permeability of the coal. The gas pressure promotes the “fluctuation” strain of the coal body, resulting in an instantaneous
increase in the strain rate. The research provides the experimental basis for studying the permeability of coal body in the true
triaxial stress environment.
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Introduction

Coal and gas outburst is an extremely complex gas dynamic
phenomenon encountered in the production of underground
coal mine and characterized as sudden eruption of a large
amount of gas and coal from the coal tunnel or stope within
a very short period of time (Hu et al. 2013). Therefore, to
effectively reduce the adverse effects of ground stress and

gas on coal mining, their influence on mechanical properties
and permeability of coal rock mass has become a hot research
topic.

Many scholars have studied the compressive strength and
deformation and permeability of coal and rock under conven-
tional triaxial stress (maximum principal stress σ1 > interme-
diate principal stress σ2 = minimum principal stress σ3) and
explored the deformation and seepage characteristics of coal
under different axial pressure, confining pressure, and pore
pressure (Chen et al. 2012; Jasinge et al. 2011; Mavor and
Gunter 2006). With the improvement of test equipment and
test methods, scholars begin to study the influence of various
factors such as temperature, water content, and pore fissure
structure on the permeability of coal body under the compli-
cated loading and unloading stress path, such as variable axial
pressure and variable confining pressure (Jasinge et al. 2011;
Liu et al. 2010, 2018; Xu et al. 2010; Yin et al. 2010, 2012,
2015, 2017). However, field stress distribution of coal seam is
very complex. Under certain extreme conditions, the triaxial
stress may vary greatly. The conventional triaxial tests often
neglect the effects of intermediate principal stress and cannot
reflect the field complex ground stress conditions. Therefore,
true triaxial tests (σ1 > σ2 > σ3) should be conducted at the
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laboratory conditions. Some of the scholars have taken the
rock as the research object and used the true triaxial test device
to study the influence of the intermediate principal stress, tem-
perature, and osmotic pressure on the permeability, compres-
sive strength, and deformation of rock mass (Haimson and
Chang 2000; Li et al. 2016a, b; Lombos et al. 2013; Wang
et al. 2017a, b) and the effects of the intermediate principal
stress on the mechanical properties of coal mass (Mogi 1967,
1971; Pan et al. 2012). Pan and Meng et al. experimentally
explored the influence of the intermediate principal stress and
the osmotic pressure on the permeability of coal by using the
real triaxial test system (Meng et al. 2015; Pan et al. 2012).

So far, the true triaxial tests are mainly limited to the study
of mechanical properties of rock. Very few studies have ex-
plored gas seepage of coal body under true triaxial stress. Gas
pressure is the internal pore pressure of coal and often varies in
different areas of coal seam (Chen et al. 2019). Its influence on
the mechanical and seepage characteristics of coal body has
been extensively studied (Wang et al. 2019). Li and Qin et al.
carried out the creep characteristics and the acoustic emission
characteristics of coal under triaxial compression under differ-
ent gas pressures (Li et al. 2018; Qin et al. 2013). Cao et al.
used the triaxial osmosis apparatus developed by the labora-
tory to test the seepage characteristics of the coal outburst
under different axial pressures confining pressure (Cao et al.
2010). Wang et al. analyzed the variation of coal permeability
characteristics during the change of gas pressure using gas
permeation meter (Cheng et al. 2018; Wang et al. 2012;
Zhang et al. 2015). Wang et al. tested the gas permeability
under different pressures and temperature using a self-
developed coal rock steady-state permeability test system
(Wang et al. 2017a, b).

Although many scholars have intensively studied the
law of coal permeability changes and the rock mechanics
characteristics under conventional triaxial stress, these
tests did not consider the impacts of dynamic gas seepage
on coal and gas outburst under the condition of true tri-
axial stress. Since gas seepage is an important factor af-
fecting coal and gas outbursts, in this study, we explored
the seepage characteristics of different gas pressure bri-
quettes under the condition of true triaxial stress with
the help of the self-developed true triaxial gas-solid
coupled coal seepage test system, which is of positive
significance for understanding the effect of permeability
of coal on the coal and gas outburst.

Materials, instruments, and methods

Materials and sample preparation

Coal samples were taken from no. 8 coal seam at Yuyang Coal
Mine of Chongqing Songzao Coal and Electricity Co., Ltd.

Their industry indexes have been reported previously (Wang
et al. 2017a, b). Because processing raw coal samples in the
soft and brittle coal seam is very difficult and the anisotropic
heterogeneous characteristics of large random samples often
result in different mechanical properties and permeability
(Dutka 2019; He et al. 2018; Ding and Yue 2018), which do
not meet the basic requirements of the test for coal samples,
the homogeneous coal briquette specimens are used for the
tests (Yin et al. 2016). In brief, pulverized original coal sam-
ples were sieved to obtain a total of 2.55 kg equivalent coal
powder of 20–40 mesh and 40–80 mesh. After uniformly
mixed with water, the coal powder mud was shaped in the
especially designed specimen molds for 30 min under the
pressure of 100 MPa provided using a 100-t press and pre-
pared as rectangular cubic samples of 100 mm × 100 mm ×
200 mm in size. The processed samples were placed in an 80
°C oven for 24 h and wrapped with plastic film for testing
(Wang et al. 2018). The production process of coal samples
is shown in Fig. 1.

Experiment setup

The experiments were conducted using a true triaxial gas-
solid coupling coal seepage testing device developed in-
dependently by Shandong University of Science and
Technology (Wang et al. 2018). The test system was
mainly composed of a true triaxial pressure chamber, a
hydraulic servo system, a gas seepage system, and a mon-
itoring and control system. Figure 2 shows the schematic
of its operation principle. The device could provide the
maximum axial principal stress (σ1) of 70 MPa, the max-
imum lateral intermediate principal stress (σ2) of 35 MPa,
minimum principal stress (σ3) of 10 MPa, the maximum
gas pressure of 6 MPa, the maximum axial displacement
of 50 mm, and the maximum lateral displacement
(unilateral) of 30 mm (Li et al. 2016a, b). Among the
three principal stresses, σ1 and σ2 were loaded using rigid
pressure heads and σ3 was supplied using the hydraulic
oil loading, realizing an independent loading σ1 and σ2
and σ3 in three directions without disturbing one another,
and carry on the tests of coal body gas permeation under
different loading and unloading paths as well as conven-
tional triaxial and true triaxial stress conditions.

Testing methods and procedures

In order to realize the experimental study of coal gas
seepage under different intermediate principal stress con-
ditions, different intermediate principal stress environ-
ments were set up. During the experiment, first, the major,
intermediate, and minor principal stresses σ1, σ2, and σ3
were loaded to the pre-set values and kept them invariant.
Then, the gas of 99% in concentration was filled. When
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the gas flow in the coal body is stable, which was reached
when the indicator of gas flow accumulator does not
change or the time flow curve tends to be horizontal, the
axial stress was continuously applied to the specimen un-
til it failed to observe the experiment process and was
simultaneously monitored for gas flow and coal sample
deformation displacement, the effects of the coupling ac-
tion of true triaxial stress, and gas pressure on the me-
chanical characteristics of the coal sample under and the
characteristics of gas seepage in the sample. Table 1 lists
the related experimental loading parameters.

Assuming that the seepage process of gas in coal dur-
ing the experiment is an isothermal process, the molded
coal is an isotropic homogeneous material, and the gas
seepage in the coal obeys the Darcy’s law, the average
permeability K of the gas-bearing coal can be expressed
as:

K ¼ 2qμLPn

A P2
1−P

2
2

� �

where K is the permeability (m2), q is the gas seepage
velocity of coal mass (m3/s), μ is the dynamic viscosity

coefficient of gas (it is usually taken as 1.087 × 10−11

MPa s), L is the length of the coal sample (m), Pn is the
atmospheric pressure (MPa), A is the cross-sectional area
of the sample (m2), P1 is the pressure of gas at the inlet
(MPa), and P2 is the pressure of gas at the outlet (MPa).

Results and discussion

Figure 3 is the stress-strain curves and permeability-stress
curves of the coal body during the full stress-strain pro-
cess under conventional triaxial and true triaxial stress
conditions. In the conventional triaxial compression pro-
cess, σ3 is equal to σ2, which is constant at 4 MPa, and σ1
is continuously loaded until the end of the test. At the
same time, σ3 is maintained at 4 MPa, σ2 is 6 MPa, and
σ1 is continuously loaded until the end of the test in the
true triaxial compression process.

Figure 3 shows the stress-strain-permeability curves of
coal subject to different initial stresses (where Δσ is
σ1–σ3; the compression deformation of coal is positive
and the expansion deformation is negative). From the fig-
ure, it is clear that under a constant gas pressure (1 MPa),
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Fig. 1 Coal sample making process. (a) the location of Yuyang Mine, (b) raw coal, (c) filling of molds, (d) forming coal samples, (e) test coal samples
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the coal’s stress-strain process can be divided roughly into
four stages: the initial compaction stage (stage I: Δσ in-
creases from 0 to ~ 3 MPa), elastic deformation stage
(stage II: Δσ increases from 3 to ~ 15 MPa), plastic de-
formation stage (stage III: Δσ increases from ~ 15 MPa to
~ 24 MPa), and destruction instability stage (stage IV:
after ~ 24 MPa). In stage I, with the increase of axial
pressure, the primary microscopic pores and fractures in-
side the coal specimen are gradually compacted to clo-
sure, leading to a decrease in porosity and gas seepage
passageways. Therefore, the gas flow is blocked and gas

permeability displays a gradual decrease trend, forming
the early nonlinear deformation phenomenon. With the
increase of σ2, the compaction becomes less and less ob-
vious. In stage II, the specimen mainly undergoes elastic
deformation. The stress-strain curve is approximately a
linear one. The primary microscopic pores and fractures
are further compacted due to action of the axial stress,
resulting in a further reduction in porosity and a continu-
ous lowering in permeability. With the increase of axial
strain, the rate of decrease in permeability gradually de-
creases. In stage III, the internal damage of the coal

σ 2σ3

σ1

a e 

a

b c d

σ1

σ3
σ 2

c 

Fig. 2 Testing system schematic. (a) Hydraulic servo system, (b) monitoring and control system, (c) true triaxial pressure chamber, (d) gas cylinders, and
(e) internal structure of triaxial pressure chamber
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sample leads to a corresponding decrease in the bearing
capacity. At this time, new cracks are continuously gen-
erated inside the coal sample, the damage continues to
develop, and the stress-strain curve begins to deviate from
the straight line. Although the axial stress continues to
increase, its increase rate gradually decreases. But be-
cause these fractures do not cut through, the gas seepage
passageways continue to narrow down, further decreasing
gas permeability to its minimum when reaching the com-
pressive strength. In stage IV, the specimen is subjected to
rapid stress falling, which is the macroscopic manifesta-
tion of the transition from the primary continuous damage
and uniform strain to the localized damage and internal
strain accumulation. Its essence is the instable expansion
of internal pores and fractures. In this stage, micro-
fractures cluster, conglomerate, and penetrate inside the
specimen, leading to consecutive enlargement of gas seep-
age passageways and increased permeability. However,
due to the squeezing, pressing, and dislocating of coal
particles, the newly generated fractures are blocked or
clogged, resulting in only slight increase in permeability.
The above analysis clearly indicates that the change in
permeability of coal specimen is closely related to its de-
formation and damage characteristics.

As shown in Fig. 3, the three-direction strain changes with
the increase of the principal stress difference in the two stress
states. In the conventional triaxial compression test, σ3 and the
change trend of σ2 direction are the same, that is, the coal body
in these two directions first undergoes compression deforma-
tion after the expansion deformation, and at σ1 direction al-
ways undergoes compression deformation. By contrast, in the
true triaxial compression test, the coal body at the direction of
σ2 always undergoes compression deformation. From the
analysis of the whole stress-strain process of coal body, the
ability of coal body to resist deformation is enhanced and the
permeability is decreased under true triaxial stress
environment.

Effect of intermediate principal stress on mechanical
and permeability characteristics of coal samples

The stress-strain curves and permeability curves of coal sam-
ples under different intermediate principal stresses are shown
in Fig. 4. It can be seen from the diagram that the stress and
strain of the coal sample show a tendency of decrease after
increase with strain increasing, while the gas permeability
shows a tendency of increases after decrease with the strain
increasing.

From Fig. 5, when P (gas pressure) is 0.5 MPa, with σ2
increasing from 4MPa to 6 MPa and 8MPa, σu (the compres-
sive strength of coal) increased by 19.6% and 27.5%, respec-
tively.When reaching σu, the produced strain εu at σ1 direction
decreased by 14.3% and 28.6%, respectively. And Kmax (the
maximum permeability) decreased by 21.4% and 44.4%, re-
spectively, and Kmin (the minimum permeability) decreased
by 37.1% and 71.5%. Similarly, the stress strain and perme-
ability of three kinds of σ2 showed similar changes when P =
1.0 MPa and 1.5 MPa. It is shown that under the same gas
pressure, the change trend of the two curves is the same and
the main effects of intermediate principal stress on coal sam-
ples are as follows: (1) the intermediate principal stress chang-
es the compressive strength of the coal body (Wenshuai et al.
2019; Wang and Qian 2018); (2) the intermediate principal
stress changes the axial strain of coal sample; and (3) the
middle principal stress restricts the development of coal fis-
sure and reduces the effective channel of seepage.

The results show that the greater the σ2, the greater the σu of
coal, the smaller the corresponding axial strain when the com-
pressive strength is reached, the smaller the Kmax. The reasons
are as follows:

1. The σ2 has obstructed the expansion of the pores and
fractures in the coal body. The greater the σ2, the more
easily the pore and fracture are compacted, the greater the
ability of coal body to resist the elastic deformation, and
the smaller the gas seepage channel. The binding effect of
σ2 at 6 MPa and 8 MPa is higher than that in the direction
of σ2 at 4 MPa, which makes the left and right tensile
quantity different.

2. There are a lot of micro- and meso-pores in the coal sam-
ple, and the influence of the intermediate principal stress
on the coal permeability is closely related to the internal
structure of the specimen (Shi et al. 2018). At the same
time, as a typical porous medium, the micro-fracture pro-
vides a channel for gas seepage, so the restriction of the
intermediate principal stress and the fractures generated
due to loading the maximum principal stress are the key
factors affecting coal seepage characteristics.

3. In the process of σ1 loading, the K decreased obviously.
Because of the joint action of σ1, σ2, and σ3, the micro-
fractures are closed gradually in coal sample. Thus, the

Table 1 Initial load parameters

Serial
number

Initial σ1/
MPa

Initial σ2/
MPa

Initial σ3/
MPa

Gas pressure
P/MPa

1 4 4 4 0.5

2 4 4 4 1.0

3 4 4 4 1.5

4 6 6 4 0.5

5 6 6 4 1.0

6 6 6 4 1.5

7 8 8 4 0.5

8 8 8 4 1.0

9 8 8 4 1.5
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coal sample is compacted and its porosity is reduced.
Therefore, the gas seepage channel narrows, the gas flow
in the coal is hindered, and the permeability decreases.
After the coal sample reaches the compressive strength,
the macroscopic manifestation of starting continues dam-
age and the uniform strain is transformed to localization of
damage and strain, leading to instability expansion of the
fractures. The internal micro-fractures gather together, as-
semble and penetrate in the specimen, leading to in-
creased gas seepage channels and permeability. Since
the pulverized coal particles have been separated from
the specimen, the new cracks will be blocked. Thus, the
permeability only shows a small increase.

Gas permeability characteristics of coal samples
under different gas pressures

The curves of stress and permeability of coal samples with
strain changing under different gas pressure conditions are
shown in Fig. 6. It can be seen from the figure that at the same
intermediate principal stress, the changes of stress of coal
sample with strain increasing under different gas pressure
show a trend of decrease after increase, while the changes of
permeability with strain increasing show a trend of increase
after decrease.

Further analysis of Fig. 7 shows that in the case of σ2
equaling to 4 MPa, P increased from 0.5 to 1.0 MPa and

a  Conventional triaxial compression test

b  Ture triaxial compression test

Fig. 3 Coal’s permeability and
deformation ε1, ε2, ε3, as well as
the principal stress difference Δσ
relation in conventional and true
triaxial tests. (a) Conventional
triaxial compression test and (b)
Ture triaxial compression test
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a  Strain-stress curve of P-0.5 MPa b  Strain-permeability curve of P-0.5 MPa

c  Strain-stress curve of P-1.0MPa d  Strain-permeability curve of P-1.0MPa

 e  Strain-stress curve of P-1.5 MPa  f  Strain-permeability curve of P-1.5 MPa
Fig. 4 Axial stress-strain and strain-permeability curves of coal under
different intermediate principal stresses. a Strain-stress curve of P-0.5
MPa. b Strain-permeability curve of P-0.5 MPa. c Strain-stress curve of

P-1.0 MPa. d Strain-permeability curve of P-1.0 MPa. e Strain-stress
curve of P-1.5 MPa. f Strain-permeability curve of P-1.5 MPa
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1.5 MPa, σu relative to that at P equaling to 4 MPa de-
creased by 5.8% and 25.5%, and the strain εu reduced by
14.3% and 21.4%. In addition, Kmax at P equaling to
1.0 MPa and 1.5 MPa relative to that at P equaling to
0.5 MPa increased by 23.8% and 33%, respectively.
Similarly, the variation of stress and strain and permeabil-
ity under three gas pressures under the condition of σ2
6 MPa and 8 MPa also shows that the change trend of
the two curves is the same under the same intermediate
principal stress. The main effects of gas pressure on coal
samples are as follows: (1) the gas pressure reduces the
compressive strength of the coal body; (2) the gas pres-
sure changes the axial strain of coal sample; and (3) the
gas pressure can promote the development of coal fissure
and enlarge the effective channel of seepage.

The mechanisms of action of gas pressure on coal perme-
ability are as follows:

1. The gas in the pores and fractures of the coal body
exists in two states: free and adsorbed. The former is
present in a free form in the space among pores of the
coal body, while the latter is adsorbed on the surface in
a molecular state. The free gas generates a flow in the
connected pores and fissures. At this time, the mechan-
ical action of the gas fluid on the coal sample is applied
to the coal body by the pore pressure in an effective
stress manner; that is, the deformation and failure pro-
cess of the coal body is effective and controlled by the
effective stress. Under the action of stress, the pores
and fissures of the coal body develop continuously.
Under the specific true triaxial stress conditions, when
the gas pressure is larger, the effective stress of the coal
sample is smaller; fewer pores and cracks inside the
coal body are closed and the gas flow rate through
the coal body is greater during the time.

a  the compression strength of coal b  the strain of coal

c  the maximum permeability of coal d  the minimum permeability of coal
Fig. 5 Influence of intermediate principal stress on coal mechanics and permeability characteristics. a The compression strength of coal. b The strain of
coal. c The maximum permeability of coal. d The minimum permeability of coal
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Strain-stress curve of 2-8 MPa Strain-permeability curve of 2-8 MPa

Strain-stress curve of 2-4 MPa Strain-permeability curve of 2-4 MPa 

Strain-stress curve of 2-6 MPa Strain-permeability curve of 2-6 MPa 

a b

c d

e f
Fig. 6 Axial strain-strain and strain-permeability curve of coal under
different gas pressure loading. a Strain-stress curve of σ2-4 MPa. b
Strain-permeability curve of σ2-4 MPa. c Strain-stress curve of σ2-6

MPa. d Strain-permeability curve of σ2-6 MPa. e Strain-stress curve of
σ2-8 MPa. f Strain-permeability curve of σ2-8 MPa
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2. With the increase of gas pressure, the gas pressure differ-
ence between the two ends of the coal sample is larger, the
driving force to push gas through the coal sample also in-
creases, the gas flow rate per unit time increases, and the gas
permeation rate of the coal sample gradually increases.
However, when the gas pressure increases to a certain extent
and causes the coal body to produce obvious macroscopic
deformation and damage, the mechanical effect of the gas
pressure on the protruding coal body is close to the limit.
Thus, further increasing in gas pressure has little effect on
the internal cracks and pores. When the gas pressure distri-
bution inside the coal sample is relatively uniform, the rate
of increase of the gas permeation velocity at both ends of the
coal sample will also approach a constant value.

To sum up, at the same intermediate principal stress,
the greater the gas pressure, the smaller the compressive

strength of the coal. But, relative to that at P equaling to
1.5 MPa, the compressive strength at P equaling to
0.5 MPa and 1.0 MPa only slightly decreased. The higher
the gas pressure is, the greater the initial permeability.
But, Kmin at P equaling 0.5 MPa is similar to that at P
equaling 1.0 MPa, indicating that at that condition, Kmin is
not increased with the increase of gas pressure. The rea-
sons are as follows:

1. The effect of gas on the mechanical behavior of coal
is mainly manifested as the pore pressure of the free
gas in the specimen and the adsorption and expansion
stress of the adsorbed gas, which have adverse effects
on the mechanics characteristics of coal rock. But
these effects are not obvious when gas pressure is
lower than a certain value. Higher gas pressure pro-
motes the development of micro-fractures in coal,

a  the compression strength of coal b  the strain of coal 

c  the maximum permeability of coal d  minimum permeability of coal
Fig. 7 Influence of gas pressure on coal mechanics and permeability characteristics. a The compression strength of coal. b The strain of coal. c The
maximum permeability of coal. d The minimum permeability of coal
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which weakens the strength of coal and makes it brit-
tle and unstable.

2. In addition, the same large gas pressure causes the pulver-
ized coal particles to fall off and block the seepage chan-
nel to reduce the permeability of coal samples. The results
show that the existence of gas pressure will not only re-
duce the strength of coal, but also reduce the deformation
ability of coal. Therefore, when there is high gas pressure
in underground coal mining, special attention should be
paid to the effective release and extraction of gas pressure,
so as to effectively avoid and prevent the occurrence of
disaster caused by gas pressure.

From Figs. 4, 5, 6, and 7, it can be seen that each stress-
strain curve rises to the maximum compressive strength and
then decreases, while the permeability curve tends to be flat or
slightly increased, but the change trend of Figs. 6 and 4 is
obviously different: (1) in Fig. 4, when the gas pressure is
the same and the stress environment is different, the slope of
the stress-strain curve in three kinds of stress environment is
obvious, but the slope of the permeability change curve is
similar; (2) in Fig. 6, when the stress environment is the same
and the osmotic gas pressure is different, the slope of the
stress-strain curve of the three kinds of gas pressure grades
is approximately the same; however, when the stress environ-
ment and the gas pressure are high, the large gas pressure will
cause the coal body to instantaneously break sharply, resulting
in an instantaneous increase in the slope of the stress-strain
curve.

As can be seen from Figs. 5 and 7, the compressive
strength, strain range, and maximum permeability of the coal
body are more relaxed and have better regularity under the
condition of three kinds of intermediate principal stress and
gas pressure. However, the minimum permeability is in dif-
ferent stress environment and under different gas pressure,
which shows a large variation range. Analysis of the reasons,
when the intermediate principal stress and gas pressure are
large, the coal body in the final stage of destruction, the extent
of the damage shown is close. That is, after the destruction of
coal body, the internal fracture development degree is similar.
From Figs. 5d and 7d, in the same stress environment, when
the gas pressure is lower than 1 MPa, the minimum perme-
ability basically does not change much, and when it exceeds 1
MPa, the change is large. Under the same gas pressure condi-
tion, when the intermediate principal stress is low, the mini-
mum permeability difference is larger. When the intermediate
principal stress increases, the numerical difference becomes
smaller and smaller. It shows that the higher intermediate
principal stress is similar to the degree of coal body damage.
The internal crack of the coal body in the residual strength
stage develops to the limit; the expansion of the seepage chan-
nel is the same, and the minimum permeability barely
changes.

Conclusions

In this study, we use a self-developed “true triaxial gas-
solid coupled coal seepage test system” to explore the
seepage characteristic of briquette during the whole pro-
cess of continuously loading constant minimum principal
stress of 4 MPa and different intermediate principal stress-
es of 4 MPa, 6 MPa, and 8 MPa at gas pressure of 0.5
MPa, 1.0 MPa, and 1.5 MPa, respectively. The conclu-
sions are listed below:

1. In the conventional triaxial and true triaxial compression
seepage tests, the stress-strain-permeability changes of the
coal body are changed in stages, which are divided into
the initial compaction stage, elastic deformation stage,
plastic deformation stage, and destruction instability
stage. The stress-strain curves in the whole stress-strain
process of coal show a trend of decrease after increase,
while the permeability-strain curves show a trend of in-
crease after decrease.

2. There is a “stress-sensitive zone” in the influence of the
intermediate principal stress on the minimum permeabil-
ity of the coal. When the gas pressure in the coal is the
same, the σu, ε, Kmax, and Kmin of the coal body change
linearly with the increase of the intermediate principal
stress. However, when the intermediate principal stress
is less than 6 MPa, the difference in the minimum perme-
ability exhibited by the coal in different stress environ-
ments is small.

3. The gas pressure promotes the “fluctuation” strain of the
coal body, resulting in an instantaneous increase in the
strain rate. The compressive strength of the coal body
decreases as the gas pressure increases, and the maximum
permeability is increased. However, when the gas pres-
sure exceeds 1 MPa, the minimum permeability of the
coal body is greatly increased and rises in a parabolic
form.
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