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A coal-rock system is a common combination form in coal mines. In order to explore the energy interchange law of a coal-rock
combined body and the interaction relationship between the two bodies, loading tests of coal-rock combined bodies with different
height ratios were carried out. The loading path of rock in coal-rock combined bodies was demonstrated by means of a single
loading and unloading test of the same-sized rock sample. Furthermore, a method to calculate rock energy was proposed based
on the area of the loading and unloading curve. The experimental results show that the greater the surrounding rock pressure
is, the smaller increase rate of lateral and volumetric strain in the postpeak stage will be when the same height ratio is present.
An increase in the surrounding rock pressure causes an increase in the total strain energy density of small-sized rock samples.
However, the total strain energy density is always greater than the elastic strain energy density. And the elastic and dissipated
strain energy densities also increase, along with the energy dissipation with unloading. When the proportion of coal bodies
increases, the energy accumulation also shows an increasing trend. When the height of the coal is greater than half the height
of the complete specimen, the coal energy proportion is greater than 60%. After reaching the yield load, the energy in the coal
body is dissipated in forms such as plastic deformation, internal damage, block friction, radiation energy, and kinetic energy.
Therefore, the energy released is, in part, reflected in the rock body.

1. Introduction

Energy transformation is the essential characteristic of vari-
ous physical changes and the cause of the damage and
destruction of rocks. The energy transformation of a rock
load-carrying process is dynamic and includes an input,
accumulation, dissipation, and release of energy, as well as
the evolution of microcracks to macrocracks inside the rock
[1–10]. Studying the deformation and failure laws of coal-
rock combined bodies from the perspective of energy is
closer to its failure essence, enriching and deepening peo-
ple’s understanding of the mechanical behavior of loaded
coal-rock combined bodies. Many experts and scholars have
studied the process of energy transformation in rock load-
ing. Cook [11] first studied rock stability and the energy

released by rock damage per unit volume. Gao et al. [12]
studied the energy evolution in the process of rock deforma-
tion and destruction, and the results showed that the energy
evolution curve was clearly phased, and the probability of
rock explosion was also analyzed according to the energy
conservation index. Gong et al. [13, 14] proposed a formula
for storing peak strength strain energy considering the rock-
burst tendency and analyzed the elasticity and dissipative
strain energy density in the rock loading process. Meng
et al. [15] studied the evolution and distribution of rock
energy under triaxial cyclic loading and unloading condi-
tions. Tu et al. [16] studied the stress conditions for the fail-
ure or crushing of intact coal and estimated the minimum
stress for an intact coal outburst. Meanwhile, He et al. [17,
18] studied the relationship between the rockburst rating
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and the radius of the plastic zone and radial stress and pro-
posed a new rockburst criterion to predict the rockburst
classification.

Furthermore, many scholars have conducted experimen-
tal research on the mechanical behavior of coal-rock sys-
tems, including uniaxial compression tests, triaxial
compression tests, and split Hopkinson pressure bar
dynamic tests [19–22]. Some scholars have also studied the
deformation and destruction law, acoustic emission, and
burst tendency characteristics in the loading process of
coal-rock combined systems [23–32]. Xiao et al. [33] studied
the relationship between the dynamic properties of com-
bined coal-rock and acoustic emission-charge signals and
gave the signal identification methods of different burst ten-
dency specimens. Dou et al. [34] studied the electromagnetic
radiation law of the impact destruction of coal-rock com-
bined bodies and showed experimentally that electromag-
netic radiation signals could predict the destruction of a
coal-rock system. Liu et al. [35] studied the acoustic emis-
sion characteristics and rockburst tendencies of coal-rock
combined bodies through numerical simulation tests. Zhang
[36] studied the precursor information of coal-rock destruc-
tion using infrared thermal imaging and acoustic emission.
The effects of water and temperature on the mechanics of
coal-rock combined body at different height ratios have been
studied by other scholars [37–40]. Presently, the study of the
energy evolution law of a single rock has become more
mature; however, relying on the energy evolution law of a
single rock cannot reflect the phenomenon of cracking-
through or rupture of a coal-rock formation system. Fur-
thermore, the energy transfer law of coal-rock combined sys-
tems at different combination heights has rarely been
reported on.

Coal-rock systems are a common rock combination
form in coal mine sites. The lower strength block determines
the peak strength of coal-rock combined bodies. Rocks and
coals of different heights have different strengths; thus, the
energy accumulated and released also varies (when destruc-
tion conditions are met). This paper studies the uniaxial and

conventional triaxial compression tests of coal-rock com-
bined systems with different height ratios. The research on
the storage, dissipation characteristics, and energy conver-
sion laws of the internal energy of coal and rock bodies in
the loading process are of great help to understand the inter-
action and function of various rock strata in the field con-
struction and play a guiding role in proposing the pressure
relief in the key layer of energy accumulation and releasing
energy and alleviating the risk of rockburst of great signifi-
cance in solving the deformation and burst tendency analy-
sis of surrounding field rock system, which also brings new
perspectives and solutions to relevant rock engineering
practices.

2. Test Process

In mining engineering, the surrounding rock pressure
increases from the surface of the roadway to the interior of
the surrounding rock mass, and the coal-rock combined
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Figure 1: A common form of coal-rock combined body in coal mines. (a) Half-coal-rock laneway. (b) Working surface.
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Figure 2: Stress-strain relationship of rock and coal-rock combined
body during loading.

2 Geofluids



body has different force environments, as shown in
Figure 1(a) “A” and “B”. Similarly, for medium and thick
seam mining, this is the case with coal mining work surfaces,
as shown in Figure 1(b) “C”. Area “A” indicates that the
coal-rock combined body within the uniaxial stress or biax-
ial stress state, and areas “B” and “C” represent coal-rock
combined bodies within different heights under three-
dimensional stress states, respectively. Therefore, the exper-
iment revolves around the coal-rock combined body under
different surrounding rock pressures and different height
ratio conditions.

In the process of coal-rock combined body loading, the
stress of the rock and coal body is actually consistent. The
rock strength is much larger than the coal body; therefore,
if the rock body has been in the elastic stage in the test pro-
cess, the weak coal body is destroyed first so that the overall
stress of the coal-rock combined body is reduced. Rocks, on
the other hand, undergo an unloading process, and rock
unloading releases a portion of the energy that exacerbates
the destruction of coal. As the input source of external total
energy, the test machine does some of the work on the rock
specimen, part of which is converted into elastic energy
stored in the rock body. After the composition test piece
reaches the peak strength, with the sudden rupture failure
of the block, the sudden release of accumulated energy and
the rest of the dissipation energy leads to the destruction of
the rock. Therefore, the rock destruction process is actually
the process of state instability driven by energy.

Figure 2 shows the typical loading curve of coal-rock
combination in the stress and strain coordinate system,
including the prepeak loading and stress reduction stages
of the rock in the coal-rock combination. The rock strength
in the coal-rock combined body is greater than that of the
coal body. Therefore, in the loading process, the coal body
reaches the peak strength first, and then, the stress of the
coal-rock combined body decreases, resulting in a stres?s
reduction stage of rock in the coal-rock combined body.
When the peak stress of the composition is reached, the cor-
responding strain of the rock part is εr , and the strain of the
coal-rock combined body is εrc. Therefore, the energy of coal
volume accumulation in the coal-rock combined body
should be the difference between the total energy and the
energy in the rock.

The ultimate purpose of coal rock combination tests are
to understand the interaction relationship between coal and
rock. In order to study the energy transfer between the two
blocks of the coal-rock combined body in the loading pro-
cess, the experiment was divided into two parts, the standard
specimen loading test and the small-size rock sample load-
ing and unloading test.

The rock samples were taken from No. 25 Mining Area
of Zhangcun Coal Mine, Shanxi Province, China. The coal-
rock combined body is composed of coal and rock bodies
in accordance with different height proportions in a stan-
dard specimen. The standard specimen loading test is
divided into the uniaxial and conventional triaxial compres-
sion tests, which contain three sets of coal-rock combined
bodies with different height ratios. δ represents the height
of coal as a proportion of the height of the complete speci-
men, which are 0.33, 0.5, and 0.67. The conventional triaxial
compression tests were conducted with six test pieces in each
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Figure 3: MTS815.02 electroliquid servo rock mechanics test equipment.
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group, with a peripressure strength of 5MPa and 10MPa.
The test results that displayed large differences from the
specimen data were removed, and the remaining groups
were used to obtain the average values. The test was com-
pleted on the MTS815.02 electroliquid servo rock mechanics
test equipment at China University of Mining and Technol-
ogy, as shown in Figure 3.

The small-size rock sample loading and unloading tests
were carried out according to the rock sample heights in
the standard coal-rock combined bodies, which were
33mm, 50mm, and 67mm.

Firstly, the petroleum jelly was applied to both ends of
the samples; then, two layers of heat shrinkable films and
ethylene-propylene self-adhesive tape were used to prevent

the oil from seeping in. Secondly, installed the hoop exten-
someter and dropped the triaxial cell. Finally, loaded the
axial pressure and used the displacement control mode until
the sample was broken. In order to make the small-size rock
sample reach the peak strength of coal-rock combination,
the loading rate of the small rock sample was 0.5 kN/s
according to the force control, which is consistent with the
loading rate of the combined coal-rock body. According to
the stress-strain curve, the average unloading rate of the
small-sized rock sample and the postpeak unloading rate of
the coal-rock combined body were consistent after failure.
The loading speed was 0.003mm/s after the cycle, and
unloading was completed with displacement control, up
until the point at which loading damage occurred.
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Figure 5: Relationship between lateral and volumetric strain and axial strain of coal-rock combined bodies. ε1, ε3, εv represent axial strain,
lateral strain, and circumferential strain, respectively.
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3. Test Results

The stress-strain curves of the coal-rock combined bodies
with different height ratios under different surrounding rock
pressures are shown in Figure 4. The relationship curve
between lateral, volumetric strain and axial strain are shown
in Figure 5.

Conventional triaxial compression test loading preloads
of 5MPa and 10MPa surrounding rock pressures on coal-
rock combined bodies. The compaction stage of coal-rock
combined bodies was not apparent, but there were clear elas-
tic, yielding, and postpeak softening stages in both pressure
cases. When δ = 0:33, 0.5, and 0.67, and the surrounding
rock pressure was 5MPa, the peak strengths of coal-rock
combined bodies were 17.92MPa, 16.02MPa, and
13.33MPa, the elastic modulus of coal-rock combined bod-
ies were 3.38GPa, 3.52GPa, and 3.58GPa, respectively,
and the axial strain varied from 0.005 to 0.00632. When

the surrounding rock pressure was 10MPa, the peak
strength was 33.92MPa, 29.51MPa, and 24.57MPa, the elas-
tic modulus of coal-rock combined bodies were 3.89GPa,
4.48GPa, and 4.63GPa, respectively, and the axial strain var-
ied between 0.0077 and 0.0091. As the value of δ increased,
the peak stress of the coal-rock combined bodies gradually
decreased, and the change trend was small. Increasing the
surrounding rock pressure significantly impacted the
strength of the combination, and the peak stress and post-
peak residual strength values both significantly increased.
The strength of the coal-rock combined bodies with different
height ratios increased, and the stress drop rate after the
peak also increased accordingly.

In the process of conventional triaxial compression tests,
the lateral extensometer is placed on the coal body in the
coal-rock combined bodies, and the measured value is the
lateral strain of the coal body. The deformation and failure
characteristics of the coal in the coal-rock combined bodies

(a) Single loading and unloading tests

(b) Conventional triaxial loading and unloading mechanical tests

(c) Deformation of rock in loading and unloading tests

Figure 6: Loading and unloading tests and deformation of rocks at different heights.
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can be used as the lateral strain. The relationship between
volumetric strain and axial strain was obtained. As shown
in Figures 5(a)–5(c), the lateral strain compression was pos-
itive, expansion was negative, volume compression was pos-
itive, and expansion was negative. With the loading of the
axial force, the coal-rock combined bodies are in a com-
pressed state. When the load is small, the coal-rock com-
bined bodies are in the elastic stage, and the lateral strain
hardly changes. As the loading progresses, the lateral strain
gradually increases after reaching the peak stress. The volu-
metric strain of the coal-rock combined bodies showed a
trend of first being positive and then negative, indicating
that in the initial loading stage, the internal fissures of the
coal-rock combined bodies are gradually closed, the volume
is compressed, and then, new fractures are gradually formed.
As the loading progresses, the cracks expand and penetrate,
and the volume gradually increases and expands at an
increasing rate. The ratio of the volume of the coal-rock
combined bodies to the axial strain in the postpeak stage is
close to the constant value, indicating that the Poisson’s ratio
of the coal-rock combined bodies in the postpeak stage is a
constant value. With the same value of δ, the greater the sur-
rounding rock pressure, the smaller the increasing rate of
lateral and volumetric strain in the postpeak stage.

The uniaxial and conventional triaxial compression tests
and loading and unloading tests of rocks with different
heights are shown in Figure 6.

It can be seen in Figure 6 that the rock exhibits tensile
failure when loaded under uniaxial and surrounding rock
pressure. The tensile failure surface of the uniaxial test was
along the axial direction of the rock, and the number of frac-
ture stripes was larger. With the confined pressure loading,
there was a gradual transition to shear failure, and the num-
ber of rupture stripes decreased.

4. Analysis and Discussion

In this section, from the energy point of view, the sample
with δ = 0:33 is taken as an example for illustration. The uni-
axial and conventional triaxial loading and unloading
mechanical tests of rock samples and cyclic loading and
unloading tests of coal-rock combined bodies were carried
out. The rock was loaded to the peak strength of the coal-
rock combined bodies and then unloaded.

The single loading and unloading test curves for the rock
are shown in Figure 7. The rest of the results are shown in
Table 1.

Assuming that f ðεÞ and f1ðεÞ are the loading and
unloading curve functions of the rock, respectively, ue and
ud are the elastic and dissipated strain energy densities of
the rock in a single loading cycle, and u is the total input
energy density, which can be expressed separately as

u =
ðεc
εa

f εð Þdε, ð1Þ

ue =
ðεc
εb

f1 εð Þdε, ð2Þ

ud = u − ue, ð3Þ
where ϵa is the initial strain of the rock, εb is the strain of the
rock after unloading, and εc is the strain corresponding to
the rock reaching the peak stress of the coal-rock
combined body.

As the total strain energy density in the rock continues to
increase with the loading process, the total strain energy density
is always larger than the elastic strain energy density, and when
the load reaches the peak strength of coal rock combination, the
unloading process begins. At the unloading point, the maxi-
mum total strain energy density is 7.89KJ/m3, and the energy
is dissipated during unloading. When unloading to the initial
stress value, the dissipation strain energy density reaches the
maximum value of 1.7KJ/m3, and the elastic strain energy den-
sity reaches the maximum value of 5.43KJ/m3. In the initial
stage, the rock consumes energy due to the closure of cracks
or internal voids. At this time, ud is slightly higher than ue,
but the increase in ue is much larger than ud. The difference
between u and ue continues to increase, that is, the density of
the dissipated strain energy continues to increase, and the
increasing trend is relatively slow.

Under different surrounding rock pressures, unloading
process begins when the rock is loaded to the peak strength
of the combined sample. The strain energy density obtained
by the test is shown in Table 1. It can be seen that the total
strain energy density of the rock increases with the increase
in the surrounding rock pressure, while the elastic strain
energy density and the dissipated strain energy density also
increase. The dissipated energy in the rock is mainly caused
by the unloading deformation and rebound of the rock. This
part of the energy plays a role in the secondary loading of the
coal during the loading process of the coal-rock combined
bodies. The greater the surrounding rock pressure, the
greater the rebound energy of the rock.
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During the loading process of coal-rock combined bod-
ies, the maximum strength value of rock is equal to the peak
strength value of coal-rock combined bodies. After that,
when the coal-rock combination reaches the post peak stage,
the strength of rock will not increase, and it will remain con-
sistent with the residual strength of the combination until it
reaches the residual strength. During the unloading process,
because the rock is in the elastic stage, the deformation
rebounds, and the rebound deformation performs secondary
loading to the coal body, which accelerates the failure and
destruction of the coal body. The rebound effect of the rock
during the deformation process is shown in Figure 8.

The relationship between the total energy of the coal-
rock combined bodies in the prepeak stage and the total
energy stored in the coal and rock masses is shown in

Urc =Uc +Ur , ð4Þ

where Urc is the total energy stored in the coal-rock com-
bined bodies, Uc is the energy stored inside the coal body,
and Ur is the energy stored inside the rock damage.

According to the test results, the energy accumulation of
each monomer in the coal-rock combined bodies can be
obtained, as shown in Table 2.

In the coal–rock combined bodies, due to the high rock
strength and small deformation, the confining pressure and
initial loading slow down the crack closure, so the stress–
strain curve of the rock crack closure stage is more concave,
which is not conducive to the energy accumulation in the
rock. The energy accumulation inside the coal body in the
coal-rock combined bodies shows an increasing trend

according to the increase in the proportion of the coal body,
and the energy proportion is between 60% and 85%. The rel-
atively weak coal in the coal-rock combined bodies is the
main energy carrier. This is because the peak elastic energy
density is not only affected by the peak strength but also
related to the peak strain. During the loading process of
coal-rock combined bodies, the stress values of coal and rock
mass are equal, but the peak strain of coal is much greater
than that of the rock mass. According to the stress-strain
relationship of coal and rock in Figures 4 and 7, when the
surrounding rock pressure is 5MPa, the rock mass strain
accounts for about 26.1% of the peak strain of the coal-
rock combined bodies. Meanwhile, the strain produced by
pure rock is far less than that of the coal in coal-rock com-
bined bodies, resulting in low peak elastic energy density
and low stored elastic energy of rock specimens.

In order to reveal the relationship between the overall
energy transfer of coal-rock combined bodies and the energy
transfer of coal and rock, under the surrounding rock pres-
sure of 5MPa, δ = 0:67, the energy evolution of coal-rock
combined bodies under cyclic loading and unloading is
selected as an example.

The cyclic loading and unloading curves of coal-rock com-
bined bodies are shown in Figure 9. There are six cycles in
total. The loading and unloading rates are consistent with that
of small-sized rock samples, and the last loading occurs until
failure. Figure 10 shows the relationship curve between inter-
nal energy and axial stress of coal-rock combined bodies.

In the cyclic loading and unloading process, the total
input energy density u, elastic strain energy density ue and
dissipated strain energy density ud of coal-rock combined

Table 1: Rock strain energy density.

δ
Surrounding rock
pressure/MPa

Maximum loading
stress/MPa

Total strain energy
density/KJ·m-3

Elastic strain energy
density/KJ·m-3

Dissipated strain energy
density/KJ·m-3

Percentage of
dissipated energy

0.33

0 6.5 4.302 3.74 0.562 13.06%

5 12 7.899 6.013 1.886 23.8%

10 25 26.023 14.889 11.134 42.7%

Rock

Coal

Rebound
deformation

𝜎p𝜎
𝜎r

𝜎p𝜎 𝜎r

Figure 8: Coal-rock combined body deformation and rock rebound deformation process.
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bodies increase with the increase in axial stress σ. These all
show the same nonlinear correlation with axial stress σ
and a quadratic polynomial can express its functional rela-
tionship, as shown in Figure 10. The relationship between
total input energy density, elastic strain energy density, dis-
sipated strain energy density, and axial stress of coal-rock
combined bodies can be divided into three stages: (1) energy
stable stage. When the axial stress is less than 5MPa, the
internal primary microcracks and defects of the coal-rock
combined bodies are gradually closed under the action of
the external load. The difference between the elastic strain
and the input energy density curves is very small, indicating
that the input energy at this stage is mainly stored in the
coal-rock combined bodies in the form of elastic strain
energy. In contrast, less-dissipated strain energy is used for
primary cracks, defect propagation, and new crack genera-
tion. (2) Rapid energy accumulation stage. When the axial
stress increases from 5MPa to 9MPa, the coal-rock com-
bined bodies show that the elastic energy evolution curve
increases greatly compared with the previous stage. The
input energy and elastic strain energy of coal-rock combined
bodies increase rapidly, and the increment of dissipated
energy is still small. The coal-rock combined bodies are
mainly stored elastic energy. (3) Rapid energy dissipation
stage. When the axial stress increases from 9MPa to about
10.5MPa, the dissipated strain energy “suddenly increases,”
and the coal-rock combined bodies begin to enter the stage
of unstable fracture development, indicating that the coal-
rock combined bodies produce unrecoverable deformation
at this stage, and the internal cracks expand and penetrate
and gradually form macrocracks.

The input energy, elastic strain energy, and dissipated
strain energy in the loading process of coal-rock combined
bodies show a nonlinear growth trend. In the early stage of
loading, the growth rate of input energy density, elastic
energy density, and dissipated energy density is slow, which
matches the compaction stage of coal and rock mass defor-
mation. This shows that a small part of the energy in the
evolution process is used for dissipation, and the rest of
the energy is transformed into elastic properties. Then, in
the stage of elastic deformation, a large amount of energy
is accumulated. Finally, with the “sudden increase” in dissi-
pated energy, the coal-rock combined bodies begin to enter
the stage of unstable fracture development. In coal-rock
combined bodies, the coal body is the main carrier of energy,
accounting for more than 60%, and the energy accumulation

Table 2: Strain energy density of combinations and monomers.

δ Surrounding rock pressure/MPa
Strain energy density/KJ·m-3

Coal energy ratio
Coal-rock combined bodies Coal Rock

0.67

0 15.7 11.4 4.3 72.7%

5 45.82 37.92 7.899 82.8%

10 122.4 96.38 26.02 78.8%

0.5

0 19.3 11.88 7.411 61.6%

5 47.5 32.82 14.675 69.2%

10 155.9 97.28 58.62 62.4%
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shows an increasing trend with the increase in the propor-
tion of the coal body. The failure of the coal-rock assemblage
is mainly due to the failure of the coal body. After reaching
the yield load, most of the energy in the coal body is dissi-
pated in the form of plastic deformation and internal dam-
age of the coal body and is released in the form of block
friction, radiation energy, and kinetic energy when the crack
penetrates. Part of the released energy reacts to the rock
mass, and cracks appear in the rock mass, as shown in
Figure 11. After the stress in the coal mass is reduced, the
elastic deformation energy in the rock mass is released, act-
ing on the coal mass and aggravating the plastic deformation
and damage of the coal mass. The energy transfer between
the two is shown in Figure 12.

Crack propagation sketches of three different coal-rock
combined bodies when the surrounding rock pressure is
5MPa as shown in Figure 12. It can be seen that the coal

body part of the coal-rock combined bodies is more severely
fractured, and there are apparent shear fracture zones, indi-
cating that the coal body is in shear failure. The slip disloca-
tion of the upper and lower blocks of the shear zone is the
main reason for the increase in the lateral deformation of
the coal-rock combined bodies in the postpeak stage. There
are obvious cracks in the rock part of the coal-rock com-
bined bodies, most of which are the tensile failure of a single
crack. The angle between the crack and the vertical direction
is small, close to vertical, and the starting position is close to
the fracture zone in the coal body. Since the strength of the
coal body in the coal-rock combined bodies is much smaller
than the rock body when the coal body is destroyed, the rock
body is in the prepeak stage. The occurrence of cracks in the
rock is mainly due to the energy released when the coal body
is destroyed, which is partially converted into kinetic energy,
which reacts in the rock body and causes cracks.

Figure 11: Crack propagation during loading of the coal-rock combined body.

Mechanical energy Heat energy

Energy input

Coal-rock combination

Energy accumulation

Coal elastic property Rock elastic properties

Unloading

Coal body Rock body

Energy dissipation

Damage energyPlastic deformation energy

Energy release

Friction energy Radiant energy Kinetic energy

Figure 12: Schematic diagram of energy transfer.
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5. Conclusion

In this study, a single rock sample with the same size as the
rock sample in the coal-rock combination is used to simulate
the loading and stress reduction process in the loading pro-
cess of the coal-rock combination. The characteristics of
energy transfer in coal-rock combined bodies are clarified
through the compression tests. The main conclusions of this
study are as follows:

(1) As the value of δ (height proportion of coal in coal
rock combined bodies) increases, the peak stress of
the coal-rock combined bodies gradually decreases,
increasing the pressure of the surrounding rock,
which has a significant impact on the strength of
the assembly and both the peak stress and postpeak
residual strength value increase significantly. With
the same value of δ, the greater the surrounding rock
pressure, the smaller the increasing rate of lateral
and volumetric strain in the postpeak stage

(2) In the initial loading, the coal-rock combined body
is compressed first, the internal fissures in the rock
are gradually closed, and the volume is reduced. As
the loading progresses, new cracks are gradually
formed, the cracks expand and penetrate, and the
volume gradually increases and expands at an
increasing rate

(3) The energy accumulation and dissipation of coal
rock assemblage can be divided into the following
stages: energy stable stage, rapid energy accumula-
tion stage, and rapid energy dissipation stage. The
change in energy accumulation and dissipation
shows a nonlinear growth trend. The energy is dissi-
pated when unloading, and part of the dissipated
energy in the rock acts as a secondary load on the
coal body. At the same time, when the coal body
fails, the energy is released and converted into
kinetic energy, causing the rock body to show ten-
sion and failure due to a single fracture

(4) The energy accumulation inside the coal body in the
coal-rock combined bodies shows an increasing
trend according to the increase in the proportion of
the coal body. When δ is between 0.5 and 0.67, the
proportion of coal energy is between 60% and 85%,
respectively, under different surrounding rock
pressures

(5) The peak strain of coal is much greater than that of
the rock mass, and the stress values of coal and rock
mass are equal, resulting in the relatively weak coal
body in the coal-rock assembly being the main car-
rier of energy
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