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/e stability of the coal-rock composite structure is of great significance to the safety production of deep mines, and the
different interface connection modes of coal and rock have an important influence on its stability. /erefore, the following
work was done in this article: Firstly, the mechanical structure model of coal-rock was established, and the influence of different
interface connection modes on coal rock was analyzed. Secondly, the mechanical characteristics (plastic zone, stress, and
displacement) of coal-rock composite structure under different interface connection modes were studied by numerical
simulation, and the energy was quantitatively analyzed by FISH language in FLAC3D. /e results were as follows: (1) /e
interface reduces the strength of rock and increases the strength of coal in the coal-rock composite structure. (2) In the loading
process, the coal body is destroyed first and the destruction range increases gradually with the increase of stress. /e failure
mode is mainly a plastic shear failure, and the deformation of coal is much larger than that of rock in the composite structure.
(3) /e interface contact mode affects the mechanical behavior of coal and rock structure. /e strong contact interface
influences the strength, displacement, and energy accumulation of coal and rock structure, among which the influence on
energy and displacement is greater, which is helpful to the improvement of strength. /erefore, it is suggested to adopt the
strong contact interface in the study of coal and rock structure.

1. Introduction

Coal and coalbed methane mining are facing more severe
challenges in deep mining, among which nonaqueous
fracturing technologies have been gradually paid attention to
as an environmentally friendly measure to increase per-
meability, and scholars have also done a lot of relevant
studies [1–3]. However, the roof and floor also have an
important impact on the mining of coal and coalbed
methane. Practice shows that for soft broken low perme-
ability coal seam, roof fracturing measures [4] can achieve

better results, and the supercritical carbon dioxide antire-
flection measure [5] for coal seam can also achieve signif-
icant results. Roof and floor damage of different degrees have
a significant impact on the increase of permeability of coal
seams, but the dynamic disaster induced by the deep mining
environment is also related to it. In deep mining environ-
ment, mine dynamic disasters gradually increase and are
characterized by both rockburst and coal and gas outburst
[6–9]. Compared with shallow mining, the different me-
chanical properties of coal and rock and the interaction
between coal and rock in a deep mining environment must
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be considered [10–12]. Because coal is in a certain sur-
rounding rock environment, the mechanical characteristics
of coal are different from that of single coal due to the
difference in stiffness and interaction between coal and rock.
/erefore, the study on the mechanical behavior of the coal-
rock composite structure can better reflect the actual situ-
ation, which is of great significance to the efficient mining of
coal and coalbed methane.

Researchers have carried out extensive research on the
coal-rock composite structure. Liu et al. [13] carried out
an experimental study on the damage and failure of
layered composite rock, obtained the damage evolution
process of the horizontal and vertical layered surrounding
rock, and compared their differences. Lin et al. [14]
studied the propagation and propagation of cracks in joint
layered rock mass by uniaxial compression test. Huang
et al. [15] studied the influence of loading rate on a coal-
rock aggregate and found that the stiffness difference had
a significant influence on the failure form and rockburst
tendency of the aggregate. Zuo et al. studied the influence
of combination mode [16], confining pressure, loading
and unloading [17], and weak interlayer [18] on the
mechanical characteristics and impact the liability of the
composite body, analyzed the acoustic emission behavior
during the loading process of the composite body, and
found that the acoustic emission behavior is mainly af-
fected by coal. Lu [19] and Wang et al. [20] studied the
relationship between the bursting liability of coal-rock
combination and the strength and thickness of coal and
rock and tested their acoustic and electrical effects. Zhao
et al. [21] experimentally studied the precursor infor-
mation of deformation and failure of coal-rock mass.
Chen et al. [22] studied the mechanical properties of coal-
rock mass under the action of water rock. Levent Selcuk
et al. [23] and Guo et al. [24] studied the influence of
inclination angle on the strength and deformation failure
of the composite body. Some researchers used uniaxial
[25] and triaxial [26] compression tests to study the failure
characteristics of coal-rock composite structures, the
nonlinear evolution characteristics of energy, and the
influence of cyclic loading and unloading [27–29]. Gong
et al. [30] studied the influence of high loading rate on
coal-rock assemblage. Liu et al. [31] studied the influence
of rock strength on failure mode and mechanical prop-
erties of the composite body. Wu et al. [32] studied the
mechanical characteristics and failure mechanism of
anchoring coal-rock mass. Chen et al. [33] studied coal
shale composites with high strength and low elastic
modulus by uniaxial compression test. Chen et al. [34]
used RFPA software to simulate the progressive failure
characteristics of double-layer rocks and counted the
number of microseismic events. Gao [35, 36] and Yang
et al. [37] studied the failure characteristics and energy
accumulation evolution process of coal-rock mass under
dynamic and static loading through experiments and
numerical simulation. Tan et al. [38] studied the influence
of homogeneity on the rockburst tendency of coal and
rock mass by particle flow simulation and analyzed
acoustic emission characteristics. Ma et al. [39, 40]

established a damage model considering coal thickness
and studied the influence of coal-rock height ratio on the
composite structure using particle flow. Du et al. [41]
established a three-dimensional reconstruction model of
coal-rock assemblage and studied the failure process and
energy characteristics by numerical simulation. Wang
et al. [42–44] studied the mechanical properties, perme-
ability evolution, and acoustic emission characteristics of
gas-bearing coal-rock assemblage under triaxial condi-
tions. Lu et al. [45–47] studied the influence of mechanical
properties, permeability evolution characteristics, and
loading rate of lower-layer composite coal rock in a true
triaxial environment.

In addition, Liu et al. [48] established the damage
constitutive model of coal in coal and rock combination by
carrying out experimental research. Zuo et al. [49] have
established a prepeak nonlinear model of coal-rock mass
based on axial crack evolution. Zuo et al. [50] and Song et al.
[51], respectively, studied the postpeak failure behavior of
coal-rock mass and established a nonlinear model. Petukhov
et al. [52] established the failure theory based on the
postpeak characteristics of rock and analyzed it from the
perspective of energy. Qin et al. [53] studied the stability of
the frame-column-roof system with catastrophe theory and
established a damage evaluation model based on acoustic
emission monitoring.

/e above researches are mainly carried out from the
angle of mechanical test and numerical simulation on the
mechanical characteristics, energy dissipation, and damage
evolution of coal and rock mass and have achieved fruitful
results. However, the mechanical behavior and character-
ization of coal-rock composite structures are also related to
coal-rock interaction.

Xie et al. [54] proposed and established a two-force
model considering the interaction between the engineering
body and geological body and verified its difference from the
one-body two-media model by mechanical tests. Deng et al.
[55] studied the failure process of rock structure by impact
instability by numerical simulation. Zhao et al. [56, 57]
established compression shear strength criterion consider-
ing interface effect. Zuo et al. [58] studied the mechanical
characteristics of soft coal-rock combinations considering
the interface effect. Yang et al. [59] used numerical simu-
lation to study the acoustic emission energy evolution of
progressive failure characteristics of the composite body
under the influence of the interface effect. /e above re-
search shows that different connection modes of the coal-
rock interface affect the interaction of coal, resulting in
different deformation and failure characteristics and failure
modes of the coal-rock structure.

To investigate the coal-rock interaction and its influence
in the composite structure under different interface con-
nection modes, this article firstly analyzed the influence of
different interface contact modes on coal-rock interaction in
composite structure theoretically. It then established the
numerical calculation model of two different interface
contact modes. /en numerical simulation is used to study
the failure characteristics and energy accumulation evolu-
tion law of coal-rock composite structure under the
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influence of different interface contact modes to clearly
understand the mechanical response of the coal-rock
composite structure under the influence of different inter-
face contact modes.

2. Mechanical Structure Model of Coal-Rock
Composite Structure

2.1. Influence of the Interface Connection Mode on the
Composite Structure

2.1.1. Influence of Stress. /e horizontal layered combined
structure model (upper rock and lower coal) is constructed
(Figure 1), where A represents rock and B represents coal.
/e elastic modulus of rock and coal are EA, EB; Poisson’s
ratios are μA, μB. /e relationship between them meets the
following requirements:

EA >EB,

μA < μB.
 (1)

Assuming that there is no bonding force between A and
B, then the horizontal strain ofA and B satisfies the following
equation:

ε2A � ε3A � −
μA

EA

σ1,

ε2B � ε3B � −
μB

EB

σ1,

⎧⎪⎪⎪⎪⎪⎨

⎪⎪⎪⎪⎪⎩

(2)

where ε2A and ε2B are the strains of A and B in the second
direction, respectively, and ε3A and ε3B are the strains of A
and B in the third direction, respectively.

Taking the microelement analysis at the interface, it is
obvious that the coal and rock are constrained by each other
at the interface due to different horizontal strains. At this
point, the force of rock A at the interface changes from
unidirectional compression to triaxial compression; the
force of coal B at the interface changes from unidirectional
compression to triaxial compression; the coal rock far away
from the interface is still in unidirectional compression; then
the binding force of rock A and B at the interface is as
follows:

σ2A � σ1Af2AB,

σ3A � σ1Af3AB,

σ2B � σ1Bf2AB,

σ3B � σ1Bf3AB.

⎧⎪⎪⎪⎪⎪⎨

⎪⎪⎪⎪⎪⎩

(3)

Equation (3) satisfies the following:

σ1A � σ1B � σ1,

σ2A � σ1B,

σ3A � σ3B,

⎧⎪⎪⎪⎨

⎪⎪⎪⎩

(4)

where σ2A and σ2B, respectively, represent the binding force
of A and B in the second direction at the interface; σ3A and
σ3B, respectively, represent the binding force of A and B in

the third direction at the interface; σ1A and σ2A, respectively,
represent the compressive stress of A and B in the first
direction of the end face; and f2AB and f3AB, respectively,
are the friction coefficients between A and B in the second
and third directions.

2.1.2. Influence of Strength. /e Mohr–Coulomb strength
theory is applied to carry out specific analysis, wherein the
linear expression of the Mohr strength curve is as follows:

σ1j �
1 + sin φ
1 − sinφ

σ3j +
2c cosψ
1 − sin φ

. (5)

/en,

σ1j � aσ3j + Rc,

a �
1 + sin φ
1 − sin φ

,

Rc �
2c cos ψ
1 − sin φ

.

⎧⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎨

⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎩

(6)

For rocks A and B in the combined structure, the
equation can be obtained by the following analogy:

σ1j � aAσ3j + RcA, (7)

σ1j � aBσ3j + RcB, (8)

aA �
1 + sin φA

1 − sin φA

,

aB �
1 + sin φB

1 − sin φB

,

⎧⎪⎪⎪⎪⎪⎨

⎪⎪⎪⎪⎪⎩

(9)

where c and φ are, respectively, rock cohesion and internal
friction angle; σj and τj are the normal stress and shear stress
of the fracture surface, respectively; σ1j and σ3j are, re-
spectively, the two ultimate principal stresses corresponding
to rock in ultimate equilibrium; Rc is the uniaxial com-
pressive strength of rock; and a is a parameter related to the
angle of internal friction of rock.

For the stress analysis at the interface of A and B, when
rock A at the interface is in the limit equilibrium state, it can
be obtained according to equations (3) and (4):

σ1j � σ1A,

σ3j � σ3A � −σ1Af3AB.

⎧⎪⎨

⎪⎩
(10)

/e axial ultimate strength of rock A at the interface can
be obtained by formulas (10) and (7):

σ1Aj �
RcA

1 + aAf3AB

. (11)

Similarly, if B is in the ultimate equilibrium state, it can
be obtained according to equations (3) and (4):
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σ1j � σ1B,

σ3j � σ2A � −σ1Af2AB.

⎧⎨

⎩ (12)

/e axial ultimate strength of rock B at the interface can
be obtained by combining formulas (12) and (8):

σ1Bj �
RcB

1 − aBf2AB

. (13)

/e relationship between equations (11) and (13) are as
follows:

RcA

1 + aAf3AB

<RcA, (14)

RcB

1 + aBf2AB

<RcB. (15)

According to equations (14) and (15), even though there
is no cohesive force at the interface of coal and rock, the
strength of coal and rock at the interface changes due to the
existence of the interface. Specifically, the strength of the
rock at the interface decreases, and the strength of coal
increases.

2.2. Another Connection Mode: :e Influence of
Coal-Rock Interface with Cohesive Force on the
Composite Structure

2.2.1. Influence of Stress. To distinguish interface binding
force and end face stress, σi in Figure 1 is represented by σi

′;
according to Hooke’s law, the strains of A and B in the
second and third directions are as follows:

ε2A
′ �

1
EA

−σ1A
′ − μA σ1A

′ − σ3A
′(  ,

ε2B
′ �

1
EB

−σ1B
′ − μB σ1B

′ − σ3B
′(  ,

⎧⎪⎪⎪⎪⎪⎪⎨

⎪⎪⎪⎪⎪⎪⎩

(16)

ε3A
′ �

1
EA

−σ3A
′ − μA σ1A

′ − σ2A
′(  ,

ε3B
′ �

1
EB

−σ3B
′ − μB σ1B

′ − σ2B
′(  .

⎧⎪⎪⎪⎪⎨

⎪⎪⎪⎪⎩

(17)

/e stress-strain satisfaction relationship of the micro-
element is as follows:

σ2A
′ � ε2B
′ � ε2′,

σ3A
′ � ε3B
′ � ε3′,

ε2′ � ε3′,

⎧⎪⎪⎪⎨

⎪⎪⎪⎩

(18)

σ1A
′ � σ1B
′ � σ1,

σ2A
′ � σ2B
′ � σ2′,

σ3A
′ � σ3B
′ � σ3′,

σ2′ � σ3′.

⎧⎪⎪⎪⎪⎪⎨

⎪⎪⎪⎪⎪⎩

(19)

According to equations (15)–(18), it can be solved as
follows:

σ2A
′ � σ2B
′ � σ3A
′ � σ3B
′ � σ2′ � σ3′

�
EAμB − EBμA

EA 1 − μB(  + EB 1 − μA( 
· σ1,

σ1A
′ � σ1B
′ � σ1.

⎧⎪⎪⎪⎪⎪⎪⎪⎪⎪⎨

⎪⎪⎪⎪⎪⎪⎪⎪⎪⎩

(20)

A

σ1

σ1

σ1A

σ2A

σ2B

σ1B

σ3B

σ3A

B

A

B

0

1

2

Figure 1: Force sketch map of the elastic body.
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/e strength of coal and rock far from the interface is
limited by horizontal binding force and can be ignored; that
is, the one-way stress that the strength of rock far from the
interface is still affected by σ1:

σ1A � σ1B � σ1,

σ2A � σ2B � 0,

σ3A � σ3B � 0.

⎧⎪⎪⎨

⎪⎪⎩
(21)

2.2.2. Influence of Strength. Assuming that the strengths of A
and B still meet equations (7) and (8), when A is in the ul-
timate equilibrium state at the interface of A and B, the ul-
timate stress of A can be obtained according to equation (20):

σ1j � σ1A
′,

σ3j � σ1A
′cAB.

⎧⎨

⎩ (22)

Similarly, when B is in the ultimate equilibrium state, the
ultimate stress of B can be obtained:

σ1j � σ1B
′ ,

σ3j � σ1B
′ cAB.

⎧⎪⎨

⎪⎩
(23)

cAB �
EAμA − EBμA

EA 1 − μB(  + EB 1 − μA( 
> 0, (24)

σ1A
′ > 0, (25)

σ1B
′ > 0, (26)

According to (7) and (22) and equations (8) and (23), the
axial ultimate strengths of A and B are as follows:

σ1A
′ �

RcA

1 + aAcAB

, (27)

σ1B
′ �

RcB

1 − aAcAB

. (28)

/e relationship between equations (27) and (28) are as
follows:

RcA

1 + aAcAB

<RcA, (29)

RcB

1 + aBcAB

<RcB. (30)

According to equations (29) and (30), when there is the
cohesive force at the interface of coal and rock, the strength
of coal and rock at the interface is also affected, as shown in
the following: the strength of the rock at the interface de-
creases and the strength of coal increases.

2.3. Comparison of the Influence of Different Interface Con-
nection Modes on Composite Structure. By comparing
equations (11) and (13) and (27) and (28), respectively, it is

found that the two sets of equations are only differences
between fAB and cAB, because cAB >fAB; the following can
be known:

RcA >
RcA

1 + aAf3AB

>
RcA

1 + aAcAB

, (31)

RcA > σ1Aj > σ1Aj
′ , (32)

RcB

1 − aBcAB

>
RcB

1 − aBf2AB

>RcB, (33)

σ1Bj > σ1Aj
′ >RcB. (34)

According to equations (31)–(34), it can be seen that the
cohesive force between the interface has different influences
on the strength of coal and rock. With the increase of the
cohesive force between the interface, the strength of the rock
at the interface is reduced and the strength of coal is
increased.

3. Numerical Simulation

To facilitate the numerical simulation, the following
assumptions are made: (1) the mechanical properties of
coal rock are not very different, which can be expressed as
follows: /e strength of coal failure can also cause a
certain amount of energy accumulation in roof rock,
allowing partial failure of rock but still maintaining
sufficient bearing capacity. (2) /e coal-rock interface is
divided into strong contact and weak contact according
to the contact surface treatment in the simulation. /e
strong contact can ensure the continuous transmission of
stress displacement. In the case of strong contact, the
attached face all command is directly used to connect the
coal-rock grid. (3) /e weak contact is mainly realized by
changing the mechanical parameters of the contact
surface.

3.1. Simulation Scheme. FLAC3D software was used to es-
tablish the numerical calculation model of loading of coal-
rock composite structure uniaxial cylindrical specimen. /e
total height of the model is 100mm, the diameter of the
cylindrical specimen is 50mm, the height ratio of coal to
rock is 1 :1, the combination of coal and rock is a horizontal
combination, the total number of model elements is 51200,
and the number of nodes is 52833. /e Mohr model is used
in the constitutive model. /e initial model is shown in
Figure 2. Mechanical parameters of coal and rock are shown
in Table 1.

/ree different stages are set up in the loading process,
which are prepeak elastic section, peak point, and post-
peak failure, respectively. /e plastic zone, stress,
strength, displacement, and energy distribution of cor-
responding stages were extracted and compared. /e
mechanical parameters of the contact surface are shown in
Table 2.
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3.2. Numerical Simulation Results and Analysis

3.2.1. Distribution Characteristics and Evolution Law of
Plastic Zone. Figures 3(a)–3(c) show, respectively, for the
coal-rock interface weak contact of the plastic zone distri-
bution and Figures 3(d)–3(f), respectively, the coal-rock
interface strong contact of the plastic zone distribution.
Figures 3(a) and 3(d), Figures 3(b) and 3(e), and Figures 3(c)
and 3(f) show the prepeak, peak, and postpeak distribution
of the plastic zone, respectively.

According to Figures 3(a) and 3(b), the plastic zone at
the elastic segment and peak point are almost unchanged
during weak contact, and the plastic zone may be formed at
the initial stage of loading. /e plastic zone does not expand
during loading to the peak point, and the plastic damage is
limited to the lower coal body. According to Figures 3(d) and
3(e), the plastic zone at the elastic segment and peak value
are significantly different in strong contact, and the plastic
zone at the peak value is significantly larger than that at weak
contact.

According to Figures 3(c) and 3(f ), the postpeak energy
release of coal accelerates the expansion of the plastic zone,
resulting in integral failure of the coal body and tensile
failure of the rock near the interface corner to a certain
extent./e rock part is relatively intact, and the rock near the
interface corner after the peak also produces tensile failure to

a certain extent, which is more serious than the weak
contact.

3.2.2. Distribution Characteristics and Evolution Law of
Stress. Figures 4(a)–4(c) show, respectively, the coal-rock
interface weak contact of the vertical stress distribution, and
Figures 4(d)–4(f ), respectively, the coal-rock interface
strong contact of the vertical stress distribution. Figures 4(a)
and 4(d), Figures 4(b) and 4(e), and Figures 4(c) and 4(f )
show the prepeak, peak, and postpeak distribution of the
vertical stress, respectively.

According to Figures 4(a) and 4(b), the distribution of stress
at the peak of weak contact is generally similar to that in the
elastic segment, and the stress at the interface edge of coal-rock
and in the middle and lower part of coal increases relatively, but
the increase is limited. /e overall distribution of stress in the
model is still relatively uniform. /e stress distribution under a
strong contact surface is quite different. In the coal body part of
the model, low-stress areas with inverted V-shaped distribution
appeared (Figure 4(d)), indicating that these areas have pro-
duced damage and failure of varying degrees and reduced
bearing capacity. At the same time, there is a certain degree of
stress concentration in the middle of the coal body, but the area
is very small. In the case of strong interface contact, the con-
straint effect on coal near the interface is stronger, which

Table 1: /e thicknesses and parameters of the coal seams and rock strata.

Rock category /ickness (mm) Density (g/cm3) Bulk modulus
(GPa)

Shear modulus
(GPa)

Cohesion
(MPa)

Frictional angle
(°)

Tension
(MPa)

Sandy mudstone 50 2455.45 3.48 2.26 5.51 38 4.29
Coal 50 1625.75 1.52 0.81 2.10 30 1.25

Figure 2: /e initial model.

Table 2: /e parameters of the interface.

Category Shear stiffness (GPa) Normal stiffness (GPa) Cohesion (MPa) Frictional angle (°) Tension (MPa)
Weak interface 3.5e2 2.6e2 2.8 19.0 2.2
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improves the bearing capacity of coal to a certain extent. /e
energy release under the two contact modes is mainly from coal.

3.2.3. Distribution Characteristics and Evolution Law of
Displacement. Figures 5(a)–5(c) show, respectively, the
coal-rock interface weak contact of the displacement dis-
tribution, and Figures 5(d)–5(f), respectively, the coal-rock
interface strong contact of the displacement distribution.
Figures 5(a) and 5(d), Figures 5(b) and 5(e), and Figures 5(c)

and 5(f ) show the prepeak, peak, and postpeak distribution
of the displacement, respectively.

According to Figures 5(a), 5(b), 5(d), and 5(e), it can be
seen that the displacement changes of an elastic segment and
peak segment are similar regardless of weak contact or
strong contact, and the displacement gradually increases
with the increase of load. By comparing Figures 5(b), 5(e),
5(c), and 5(d), it can be seen that the deformation at the peak
and after the peak of the composite is larger than that of the
strong contact at the coal-rock interface under weak contact.

(a) (b) (c)

(d) (e) (f)

StageI-pre-peak elastic section StageII-peak point StageIII-post-peak failure

Figure 4: Vertical stress distribution under different conditions.

(a) (b) (c)

(d) (e) (f)

StageI-pre-peak elastic section StageII-peak point StageIII-post-peak failure

Figure 3: Distribution of the plastic zone under different conditions.
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/is indicates that weak contact can cause larger defor-
mation of the coal-rock structure.

3.2.4. Distribution Characteristics and Evolution Law of
Energy. In order to further analyze the evolution process of
coal and rock energy in the loading process, fish language in
FLAC3D software was applied to calculate the energy of

composite structure at different stress stages. /e energy
distribution of rock and coal in the combined structure is
extracted, respectively, and the overall strength of the
combined structure is obtained.

Figures 6(a) and 6(d) show the peak strength of weak
contact and strong contact at the coal-rock interface, re-
spectively. It can be seen that the strength of coal and rock
mass in strong contact is 9.2MPa, which is larger than

(a) (b) (c)

(c) (d) (e)

StageI-pre-peak elastic section StageII-peak point StageIII-post-peak failure

Figure 5: Displacement distribution under different conditions.

(a) (b) (c)

(d) (e) (f)

Strength Energy-peak point Energy-post-peak failure

Figure 6: Comparison of strength and elastic energy.
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8.8MPa in weak contact, and the peak strain decreases. /is
may be the result of the strong contact between coal and
rock, which makes the coal-rock interaction more obvious.

Figures 6(b) and 6(e) show the energy distribution of
coal and rock at the peak point, and Figures 6(c) and 6(e)
show the postpeak energy distribution. /e energy accu-
mulation of coal and rock is also different in strong contact.
Specifically, under a strong contact interface, the overall
energy of the system is higher. In strong contact, the
maximum energy in coal is 191.2 kJ and the minimum
energy in rock is 6.41 kJ. In the case of a weak contact
surface, the maximum energy in coal is 80.3 kJ, and the
minimum energy in rock is 5.71 kJ./ere is a large difference
between the two. /erefore, it can be seen that the interface
contact degree has an impact on the strength and energy
accumulation of coal and rock, and the impact on energy is
the most serious. After the peak, with the release of energy,
the accumulated elastic energy of rock gradually decreases
and eventually becomes stable.

/e strong contact interface has a stronger constraining
effect on coal and rock, which improves the resistance of coal
to deformation and damage. /e influence of interface
contact mode should be fully considered in the study of coal-
rock structures.

4. Discussion

(1) Considering the real engineering environment, coal
seam and rock are stratified rock masses. /e in-
fluence of interface contact mode is the influence of
the degree of cementation between the coal seam and
rock. /e strength of the interlayer cementation is
equal to the strength of the interface contact mode
studied in this article.

(2) When the strength difference between the two layers
is large, the influence of the interface is relatively
limited. /is is mainly because the strength of the
unstable coal is not enough to cause enough de-
formation of the rock, resulting in limited energy
accumulation of the rock itself. At this time, the
combined structure disaster instability is similar to
that of a single coal body, and the coal-rock inter-
action is not obvious. When both rocks are of high
strength and the strength difference is small, the
degree of cementation between the rocks is usually
better. /is makes the composite structure have
strong shear resistance, and it is usually accompanied
by a strong dynamic effect during the disaster in-
stability, and the interaction between coal and rock is
obvious.

(3) /e interface connection mode is also one of the
factors affecting the coal-rock interaction. It involves
stress transfer and deformation coordination, which
then affects the failure process and failure form of
structures. In addition, it may cause changes in the
strength of composite structures. /erefore, it is
more helpful for engineering disaster prevention to
clarify the interface connection mode.

5. Conclusion

By taking the coal-rock composite structure as a research
object, based on theoretical analysis and numerical simu-
lations, the concrete influence of interface connection mode
on the coal-rock composite structure was studied; the stress,
displacement, plastic zone and energy distribution, and
evolution of composite structure under different contact
modes were analyzed by numerical simulation. /e main
conclusions were as follows:

(1) /e interface influences the coal-rock composite
structure, which is shown as follows: the interface
reduces the strength of rock and increases the
strength of coal in the composite structure. /e
interface connects coal and rock as a whole to resist
external loads. /e failure of coal provides favorable
conditions for the release of rock elastic energy,
which ultimately leads to the instability of the
composite structure.

(2) In the process of loading, the coal body is destroyed
first, and the range of failure increases gradually with
the increase of stress. /e failure direction extends
from the bottom to the coal-rock interface, and the
failure form is mainly plastic shear failure. At the
coal-rock interface, tensile failure occurs to a certain
extent, and rock deformation is relatively uniform
and small. /e deformation of coal increases grad-
ually from top to bottom, and the deformation is
larger than that of rock.

(3) /e interface contact mode affects the mechanical
behavior of coal and rock structure. /e strong
contact interface influences the strength, displace-
ment, and energy accumulation of coal and rock
structures, among which the influence on the energy
and displacement is great, which is helpful to the
improvement of strength, but it is not obvious on the
whole. /erefore, it is suggested to adopt the strong
contact interface in the study of coal and rock
structure.
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