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In underground engineering, the deformation and failure process of the surrounding rock of the roadway is always accompanied
by the occurrence of energy. The study of the energy distribution law of the surrounding rock of the roadway plays an important
role in its stability. This paper first theoretically analyzes the stress and energy distribution law of the surrounding rock of the
roadway, then with the help of numerical simulation method, combined with the existing physical and mechanical parameters,
based on the existing support parameters of Dongrong No. 2 Mine, gradually compares and analyzes the distribution of
vertical stress and energy under the three support methods of no support, original support, and combined support, and the
results found that the vertical stress distribution law under the three support methods is basically the same. High-stress areas
appear on the two ribs of the roadway, and low-stress areas appear on the roof and floor. The range of high-stress areas from
no support to combined support continues to decrease and becomes more evenly distributed. The energy distribution pattern
is basically the same. The overall energy of the coal seam is high. There are high-energy areas at 2m left and right of the
roadway, and the roof and floor energy of the roadway is the smallest. The low energy area extends 5m up and down,
respectively. The range of high-energy areas from no support to combined support is shrinking, and the energy distribution is
more uniform.

1. Introduction

In underground engineering, the rock mass is in equilib-
rium before excavation. After excavation, the stress on
the surrounding rock of the roadway changes from the
original three-way stress state to an approximately two-
way stress state, changing the stress environment. In order
to achieve a new equilibrium state, part of the energy is
transferred to the deep part of the roadway, part is
deformed, and part is stored. When the energy storage
limit of the rock is reached, the energy is released in the
form of deformation and failure. In addition, the occur-
rence of energy always accompanies the deformation and
failure process of the roadway. The practice and theoreti-
cal research of roadway support in coal mine indicate that

[1–5] the stress of the surrounding rock of the roadway is
mainly borne by the surrounding rock itself, and the sup-
porting structure only bears a small part of the stress, but
the support plays a crucial role in maintaining the stability
of the surrounding rock of the roadway. Moreover, the
supporting structure can change the mechanical state of
the surrounding rock and absorb part of the energy that
causes the deformation and failure of the surrounding
rock to reach balance and stability.

At present, a large number of literature from the per-
spective of energy, supporting theory, and technology con-
ducted in-depth theory research and field application. On
the one hand, it mainly focuses on the prevention and treat-
ment of rock burst. Based on the energy balance theory, Gao
et al. [6] deduced and analyzed the energy criterion for the
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instability of roadway surrounding rock structure under
impact disturbance, improved roadway support parameters,
and achieved good field results. Based on the energy theory
of rock burst, Ju [7] proposed the energy checking design
method of rock burst roadway and checked the support sys-
tem from the perspective of energy. Based on the principle of
energy conservation and considering the impact release
level, failure characteristics of surrounding rock, and
mechanical characteristics of supporting equipment, Wang
et al. [8] proposed a method to determine the parameters
of three-stage energy-absorbing support. Pan et al. [9] con-
sidered that the starting stress condition of rock burst under
roadway support was that the stress in the far-field was
greater than the critical stress, and the stopping energy con-
dition was that the absorption energy of surrounding rock in
the near-field and the absorption energy of support was
greater than the release energy in the far-field, and put for-
ward the three-level support theory and technology of road-
way rock burst in coal mine.

On the other hand, it focuses on the stability of sur-
rounding rock of mining roadway. For existing projects,
Gong et al. [10] conducted similar simulation experiments
to study the working principle of NPR anchor cable from
the perspective of energy transformation, so as to guide the
roadway support design. Shan et al. [11] adopted the energy
analysis method to deduce the energy constitutive equation
of the yielding anchor bolt and the energy equation under
the action of surrounding rock, which were applied to the
on-site support and achieved good results. Lin et al. [12]
proposed the support scheme with high strength and stable
resistance and analyzed the stability of roadway surrounding
rock under different support schemes through FLAC3D sim-
ulation, so as to determine the reasonable size of reserved
coal pillar. Ma et al. [13] studied the control of the surround-
ing rock in the roof of the roadway with different thicknesses
of soft rock formations through UDEC and field monitoring.
It is considered that the roadway support scheme is designed
based on the energy balance, so that the roadway deforma-
tion can be effectively controlled.

The above research provides solid support theory and
rich support technology experience from the perspective of
energy, but the support research based on energy distribu-
tion is relatively insufficient. In this paper, firstly, the stress
and energy distribution law of roadway surrounding rock
is analyzed theoretically. Then, based on the existing support
parameters of Dongrong No. 2 Mine, the stress and energy
distribution situation under different support modes is com-
pared and analyzed by numerical simulation, combined with
the existing physical and mechanical parameters, and the
optimization scheme is proposed. Through on-site verifica-
tion, the support problem is effectively solved. It provides a
solution for similar engineering problems.

2. Engineering Background

2.1. Project Profile. The average buried depth of the coal
seam in the third working face of the 17th layer in the fourth
south mining area of Dongrong No. 2 Mine is 450m, with a
coal thickness of 2.80~3.39m, an average thickness of

3.15m, and an average dip angle of 17°. The coal seam is sta-
ble in deposition, simple in structure, and joints are not
developed. The direct roof is fine sandstone with an average
thickness of 2.28m, and the direct floor is siltstone with a
thickness of 6.81m. The roof and floor histogram of coal
seam is shown in Figure 1.

2.2. Support Status and Evaluation. The ventilation roadway
of the third working face of the 17th layer in the fourth south
mining area of Dongrong No. 2 Mine is driven along the
roof of coal seam, which is supported by “anchor, net, and
belt.” There are four rows of roof bolts with a row spacing
of 1200mm × 1000mm and three rows of right rib bolts
with a row spacing of 1200mm × 1000mm, all using Φ22
mm × 2500mm type bolts. The roadway adopts trapezoidal
section, the net width of the roadway is 4.2m, the net middle
height is 2.65m, and the sectional area is 11.13m2.

The deformation and failure characteristics of the roadway
in DongrongNo. 2Mine are as follows: the roadway support is
difficult, the support cost is high, and the efficiency is low. The
roadway will be affected by its special geological and stress
conditions such as faults during tunneling. The stress concen-
tration degree in the surrounding rock is large, the roadway
convergence is obvious, and the surrounding rock deforma-
tion is large. The overlying rock layer on the working face
has large overlying strata and fractured zone heights.

The peak values of the working face of abutment pres-
sure are high, and the influence range is also large, which
will cause serious disturbance to the stability of the front
mining roadway. With the mining of the working face, the
structural state and stress state of the roadway continue to
change, which further intensifies the difficulty to support.

At present, the existing support design of the roadway is
based on the experience data of the adjacent roadway that
has been constructed, that is, the engineering analogy
method is used for the roadway support design. The overall
effect of this supporting method is mediocre, and bolt and
metal mesh support is used in some broken areas. Most of
the roadway roofs and both ribs have the coal body falling
along with the excavation, and the surface of the roadway
partially shows the characteristics of irregularity and
unevenness. In terms of support conditions, most roadways
have different degrees of instability of the roof and two ribs.

3. Theoretical Analysis of Roadway
Surrounding Rock Energy Distribution

3.1. Mechanical Model of Roadway Surrounding Rock.
Figure 2 is taken as the mechanical model of the roadway
surrounding rock, assuming that the surrounding rock is a
homogeneous and isotropic medium, the in situ rock stress
is set to P0, and the lateral pressure coefficient is 1. After
the roadway is excavated, the surrounding rock is divided
into plastic zone, elastic zone, and in situ rock stress zone
from the center of the circle. The radius of the plastic zone
of surrounding rock is Rp, and the radius of roadway is R0.
The elastic zone of the surrounding rock is denoted by the
superscript “e”, and the plastic zone is indicated by the
superscript “p.”
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In order to analyze the mechanical characteristics of the
surrounding rock of roadway, the surrounding rock should
meet the following conditions [2, 3]:

3.1.1. Yield Function.

F = σθ‐
1 + sin ϕ

1 − sin ϕ
ϕr‐

2c sin ϕ

1 − sin ϕ
= 0, ð1Þ

where σθ and σr are the radial stress and tangential stress
of the surrounding rock, respectively; φ is the internal fric-
tion angle of rock; and c is the cohesion of the rock.

3.1.2. Differential Equations of Equilibrium.

dσr
dr

+ σr − σθ

r
= 0, ð2Þ

where r is the distance from the research point to the
center of the roadway circle.

3.1.3. Geometric Equations.

εr =
1 − μ2

E
σr − p0ð Þ − μ

1 − μ
σθ − p0ð Þ

� �
,

εθ =
1 − μ2

E
σθ − p0ð Þ − μ

1 − μ
σr − p0ð Þ

� �
,

8>>><
>>>:

ð3Þ

where εr and εθ are the radial strain and tangential strain
of the surrounding rock, respectively; μ is the Poisson’s ratio
of the rock.

Regardless of the elastic displacement caused by in situ
rock stress before tunnel excavation, the constitutive

Figure 1: Composite strata histogram.
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Figure 2: Partition map of roadway surrounding rock.
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equation is

εr =
du
dr

,

εθ =
u
r
,

8>><
>>:

ð4Þ

where E is the elastic modulus of the rock; u is the radial
displacement of the surrounding rock.

3.2. Stress Distribution of Roadway Surrounding Rock. After
the excavation of the roadway, under the condition of support-
ing reaction force p1, the stress in the elastic zone [2, 3, 14, 15]

σer = p0 − c cos ϕ + p0 sin ϕð Þ p0 + c cot ϕð Þ 1 − sin ϕð Þ
p1 + c cot ϕ

� �1−sin ϕ/sin ϕ R0
r

� �2
,

σeθ = p0 + c cos ϕ + p0 sin ϕð Þ p0 + c cot ϕð Þ 1 − sin ϕð Þ
p1 + c cot ϕ

� �1−sin ϕ/sin ϕ R0
r

� �2
:

8>>>><
>>>>:

ð5Þ

The stress of the plastic zone

σpr = p1 + c cot ϕð Þ r
R0

� �2 sin ϕ/1−sin ϕ

− c cot ϕ,

σpθ = p1 + c cot ϕð Þ 1 + sin ϕ

sin ϕ

� �
r
R0

� �2 sin ϕ/1−sin ϕ

− c cot ϕ:

8>>>><
>>>>:

ð6Þ

The radius of the plastic zone

Rp = R0
p0 + c cot ϕð Þ 1 − sin ϕð Þ

p1 + c cot ϕð Þ
� �1−sin ϕ/sin ϕ

: ð7Þ

Therefore, the stress variation law of the surrounding rock
of the roadway in the elastic-plastic state is shown in Figure 3.

3.3. Energy Distribution of Roadway Surrounding Rock

3.3.1. Energy Expression of the Elastic Region. The elastic
strain energy in the surrounding rock of the roadway is a
measure of how much work done by internal and external
forces in a certain range is stored by the surrounding rock
mass. The elastic strain energy density refers to the elastic
strain energy per unit volume, which is a function of strain.
The following formula is used for calculation [15–17]:

vε =
ð
εidσi: ð8Þ

The equations of physics can be expressed as

ε1 =
σ1 − μ σ2 + σ3ð Þ½ �

E
,

ε2 =
σ2 − μ σ3 + σ1ð Þ½ �

E
,

ε3 =
σ3 − μ σ1 + σ2ð Þ½ �

E
:

8>>>>>>><
>>>>>>>:

ð9Þ

By substituting Equation (9) into Equation (8), the
expression of elastic strain energy density under the elastic
state of surrounding rock can be obtained:

vez =
σ21 + σ22 + σ2

3 − 2μ σ1σ2 + σ2σ3 + σ1σ3ð Þ� �
2E : ð10Þ

3.3.2. Energy Expression of the Plastic Zone. Using the equal
area principle [18–20], the trapezoidal roadway is equivalent
to a circular roadway with a radius of 1.88m. According to
Equation (7), the radius of the plastic zone is calculated to
be 3.95m. Combined with the strata histogram, it can be
seen that the lithology within this zone is coal seam, silt-
stone, and coarse sandstone. From the stress-strain curve,
the ratio of plastic energy to elastic energy k can be calcu-
lated, and the strain energy density in the plastic zone of
the surrounding rock of the roadway is

νpz = kνez: ð11Þ

4. Numerical Simulation of Roadway
Surrounding Rock Stability

4.1. Establish Model and Select Parameter

4.1.1. Selection of Numerical Calculation Software. FLAC3D,
as one of the most important numerical analysis software
of finite difference method in the field of geotechnical
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Figure 3: Stress variation law of the surrounding rock of the
roadway.
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engineering [21, 22], can simulate the mechanical properties
of failure of geological materials when the ultimate strength
or yield limit is reached and can simulate a variety of structural
forms, such as rock mass and soil. Moreover, it can also simu-
late artificial structures, such as support, anchor cable, and
other geotechnical engineering mechanic problems. Through
its embedded FISH language, users can write command flows
to achieve more simulation functions, such as customizing the
constitutive model, obtaining the stress and strain curves of a
certain gridpoint, and extracting the data of a certain zone
node. The distribution of elastic strain energy density of the
surrounding rock in different areas of the roadway deduced
above is realized by FISH language embedded in FLAC3D,
and subsequent analysis is carried out.

4.1.2. Modeling. The model takes the inclination as the x
-axis, the strike direction as the y-axis, and the gravity direc-
tion as the z-axis. The lengths along the x, y, and z axes are
50m, 40m, and 50m, respectively. The cross-section width
of the roadway is 4.2m, and the middle line height is
2.65m. The principle of grid division is that the area near
the roadway is dense and the distance is sparse. Considering
the influence range of the rock strata, the upper and lower
strata are simplified, and the mechanical parameters of each
layer are shown in Table 1. The model has a total of 40,116
nodes and 35,080 units. The model and the conditions of
each rock layer are shown in Figure 4.

4.1.3. Initial Stress. Before the excavation of the roadway, the
rock mass is in the in situ stress that has not been disturbed
by the engineering, which is also called the initial stress.
From the measured in situ stress, it can be seen that the
initial stress field should not be underestimated to the
underground engineering and is the source of deformation
and failure to the rock mass surrounding the roadway.
Meanwhile, the roadway excavation will produce distur-
bance to the initial stress field, which will redistribute
the initial stress and produce high stress several times
higher than the initial stress, so the simulation is com-
bined with the initial stress field on site. According to
the in situ stress test report, vertical stress is 10.34MPa
and the lateral pressure coefficient is 1.2.

4.1.4. Boundary Conditions. The simulation uses the Mohr-
Coulomb model to impose constraints on the boundaries by
controlling the displacement. Vertical constraints are applied
to the bottom of the model, horizontal constraints are applied
to the left and right boundaries, and the top of the model is a
free surface without any constraints. In addition, stress bound-
ary conditions are applied according to the in situ stress.

4.2. Supporting Scheme. According to the parameters of the
existing roadway section, the no support, original support,
and combined support models are established, respectively.
The combined support is shown in Figure 5. The roof adopts

Table 1: Mechanical parameters and thickness of layers.

Lithology
Bulk modulus

(GPa)
Shear modulus

(GPa)
Cohesion force

(MPa)
Friction
angle (°)

Tensile strength
(MPa)

Density
(g▪cm-3)

Siltstone 15.6 10.8 27.25 27 1.17 4.15

Siltstone fine sandstones
interbedded

24.3 8.2 39.36 30 4.8 2.1

Coarse sandstone 19.67 9.34 25.47 19 10.14 10.75

Siltstone 15.6 10.8 27.25 27 1.17 1.6

17 coal seam 4.24 1.11 1.51 20 1.90 3.15

Siltstone 15.6 10.8 27.25 27 1.17 3.15

Fine sandstone 20.67 10.10 43.47 19 10.14 2.7

Siltstone 15.6 10.8 27.25 27 1.17 10.6

XY

Z

Figure 4: 3D mode diagram.
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the combined support scheme of anchor mesh belt and
anchor cable beam. The roof bolt uses Φ22mm × 2500mm
high-strength bolt, the row distance between the bolts is
1000mm × 1000mm, the size of the roof anchor cable is Φ
21:6mm × 10000mm, and the row distance is 1000mm ×
1200mm. The wall is supported by the anchor mesh belt.
The bolt is Φ22mm × 2500mm type high-strength bolt, the
row distance between bolts is 1000mm × 1000mm, the cable
size is Φ21:6mm × 10000mm, and the row distance is
1000mm × 1200mm. Cable element is adopted in bolt
(anchor cable) in FLAC3D, and mechanical parameters of
bolt (cable) are shown in Table 2.

4.3. Stress Distribution Law. In order to eliminate the inter-
ference of the boundary, the vertical stress distribution of
the surrounding rock of the roadway at y = 20m is selected.
The distribution of vertical stress under different support
methods is shown in Figure 6.

It can be seen from Figure 6 that after the roadway exca-
vation, high stress concentration zones appear on the two
ribs of the roadway, and the direction of the connection
between the two stress concentration zones is consistent

with the coal seam tendency. The roof and floor of the road-
way are all low-stress zones, and the floor has a small-scale
tensile stress zone. This is because the roof and floor will
release pressure and transfer to the two ribs after the excava-
tion of the roadway, resulting in stress concentration on the
two ribs. With the increase of the distance from the center of
roadway, the vertical stress tends to be stable and close to the
in situ rock stress. Overall, the vertical stress above the roof
is slightly less than other positions. By comparing the verti-
cal stress field under three different support methods, from
no support to combined support, it can be seen that the
high-stress areas on the two ribs of the roadway are obvi-
ously shrinking, the change of the roof is small, and the
stress concentration area at the floor corner of the floor is
significantly reduced. The vertical stress concentration range
of the surrounding rock of the roadway is significantly
decreased after the support, the combined support effect is
better, and the vertical stress distribution is more uniform,
indicating that the combined support is more conducive to
the stability of the roadway.

In order to study the variation of the vertical stress
around the roadway, starting from the roadway boundary,

Table 2: Mechanical parameters of bolt (anchor cable) anchorage.

Supporting artifacts Diameter (mm) Length (mm) Elasticity modulus (GPa) Tensile strength (MPa) Pretightening force (kN)

Anchor cables 21.6 10000 200 200 60

Bolts 22 2500 190 250 80
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Figure 6: Vertical stress nephogram under different support methods. (a) No support. (b) Original support. (c) Combined support.
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measuring points are arranged within 15m perpendicular to
the roof, floor, and left and right ribs of the roadway, and the
vertical stress values are recorded every 1m. The vertical
stress changes of the roof, floor, and right rib under different
support methods are shown in Figure 7.

It can be seen from Figure 7 that the variation trend of
vertical stress under different support methods is basically
the same. The variation trend of vertical stress of the two ribs
increases first and then decreases, gradually tends to be sta-
ble, close to the in situ rock stress. The vertical stress varia-
tion trend of the roof and floor is always increasing and
finally tends to a stable value, which is close to the in situ
rock stress. As can be seen from Figure 7(a), in the absence
of support, the vertical stresses on the left and right ribs

reach the maximum values of 15.55MPa and 15.44MPa at
2m, respectively. In the range of 2~5m, the vertical stress
drops rapidly. After 5m, the descending speed slows down
and the vertical stress basically tends to be stable at 9m,
remaining at 11.3MPa. The vertical stress grows rapidly in
the range of 0 to 5m in the roof and floor; in the range of
5 to 9m, the growth rate becomes slower; at 9m, it basically
remains stable at 11.4MPa and 11.37MPa, respectively.

It can be seen from Figure 7(b) that under the original
support condition, the vertical stresses on the left and right
ribs reach the maximum of 15.42MPa and 15.37MPa at
2m, which are slightly smaller than those without support.
In the range of 2~5m, the vertical stress drops rapidly. After
5m, the descending speed becomes slower, and the vertical
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Figure 7: Vertical stress change curve under different support methods. (a) No support. (b) Original support. (c) Combined support.
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stress basically tends to be stable at 8m, remaining at
11.3MPa. The roof and the floor show a large difference in
the range of 0 to 5m. The vertical stress in the roof grows
faster relative to the floor; in the range of 5 to 9m, the
growth rate becomes slower; at 9m, it basically remains sta-
ble at 10.24MPa and 10.15MPa, respectively.

From Figure 7(c), it can be seen that the stress differ-
ence between the left and right ribs decreases significantly,
and the change trend becomes significantly slower, which
means that the stress concentration degree decreases sig-
nificantly, and the stress peaks are 13.94MPa and
13.88MPa, respectively. The variation trend of the roof
and the floor is basically the same and finally close to
the in situ rock stress.

4.4. Law of Energy Distribution. Figure 8 shows the nepho-
gram of energy distribution under different support
methods, from which it can be seen that the overall energy
of the coal seam is high, and a high energy zone appears
at the position of about 2m to the left and right of the
roadway, which corresponds to the vertical stress high
stress area. The energy of the roof and floor of the road-
way is the smallest, extending 5m up and down, respec-
tively, to the low energy area. The rest of the locations
have uniform energy distribution, and the overall energy
of the lower part is greater than that of the upper part.
This is because after the excavation of the roadway, the

stress of the surrounding rock is redistributed. The elastic
strain energy is concentrated near the surrounding rock of
the roadway for the fine adjustment and tiny movement of
a large number of surrounding rock particles. The energy
at the position of the two ribs of the roadway and the
junction of the floor and the two ribs is the largest, and
the elastic deformation energy stored in the floor sur-
rounding rock is the least, and the energy reduction is
the largest. It means that after excavation, the floor of
the roadway has been released and the stored energy has
been reduced, and most of the elastic deformation energy
has been turned into plastic dissipation energy, which is
gradually reduced along the radial direction, corresponding
to the vertical stress distribution. Comparing the energy
density distribution nephogram under different support
methods, it can be found that the range of high energy
density in both ribs of the roadway after support has been
reduced, and the low energy density area in the roof and
the floor has been reduced and distributed more evenly.

Figure 9 shows the change curve of energy density under
different supports. As can be seen from Figure 9(a), the over-
all variation trend of energy density is consistent with that of
the vertical stress. The left and right ribs reach the maximum
at 2m, which are 15895.8 J/m3 and 15637.4 J/m3, respec-
tively. In the range from 2 to 7m, the energy density
decreases rapidly. After 7m from the roadway boundary,
the energy density decreases slowly and gradually stabilizes,
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Figure 8: Energy density distribution nephogram of the three scheme. (a) No support. (b) Original support. (c) Combined support.
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basically remaining at about 4490 J/m3. The roof and floor
show a fast and then slow growth trend, and gradually stabi-
lize after 7m from the roadway boundary, and finally remain
at about 4490 J/m3. As can be seen from Figure 9(b), the left
and right ribs reach the maximum at 2m, which are 15679 J/
m3 and 15479 J/m3, respectively. In the range of 2~7m, the
energy density of the left and right ribs varies, and the right
rib is slightly smaller than the left rib, which is due to the
support role to resist part of the deformation. After 7m from
the roadway boundary, the energy density decreases slowly
and gradually stabilizes, basically keeping at about 4485 J/
m3. Compared with the condition without support, the
growth trend of roof and floor is more uniform, and the
energy density finally stays around 4485 J/m3. It can be seen
from Figure 9(c) that under the combined support condi-
tion, the peak energies of the left and right ribs are
12617 J/m3 and 12632 J/m3 respectively, which is lower than
the first two cases and the overall energy difference is small.
The energy density of the roof and floor is basically the
same, and the energy of the floor is slightly larger than that
of the roof.

5. Engineering Application Effect

Three roadway surface displacement stations are arranged in
the original support and combined support roadway. The mea-
suring stations are arranged by the “cross” point layout method,
and the distance between the stations is 30~50m. The data are
further organized to get the amount of roof subsidence, floor
heave, and right rib offset at the location of each measurement
station and to compare and analyze the deformation of the orig-
inal support and combined support of the roadway.

According to the monitoring data, the roadway surface
displacement curves of the original support and the com-
bined support were obtained through further processing
and analysis. The roof subsidence, floor heave, and right
rib offset of the roadway in different stages were compared,
and the most representative group of curves was selected
as shown in Figure 10.

From the roadway roof subsidence curve in Figure 10(a),
it can be seen that the maximum roof subsidence of the floor
heave in the original supporting roadway is about 247mm,
and the trend of continuous increase is obvious. The
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Figure 9: Energy density change curve under different support methods. (a) No support. (b) Original support. (c) Combined support.
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maximum roof subsidence in the combined support is about
90mm, and the deformation is decreased by 63.56%, and the
curve gradually stabilizes. From Figure 10(b), it can be seen
that the floor heave maximum of the original support roadway
is about 120mm, the curve does not slow down, and the road-
way floor heave will continue to increase. The floor heave
maximum of roadway with combined support is 68mm, and
the deformation is reduced by 43.33%. Moreover, the curve
starts to slow down when the monitoring time is about 45d,
and the floor heave of the roadway gradually tends to be stable.
As shown from Figure 10(c), the right rib offset maximum of
the original supporting roadway is about 292mm, which obvi-
ously shows a trend of continuous increase. The maximum
right rib offset of the combined support roadway is about
104mm, and the deformation is decreased by 64.38% and
gradually tends to be stable. Through the above comparative
analysis, it is obvious that after the roadway adopts the com-
bined support technology, the roadway surrounding rock

deformation is controlled, the overall stability of the roadway
surrounding rock is improved, and the application effect of
the technology is remarkable.

6. Conclusion

Based on the existing support parameters of Dongrong No. 2
Mine, this paper makes a comparative analysis of vertical
stress and energy distribution under three support modes:
no support, original support, and combined support and
draws the following conclusions:

(1) After roadway excavation, the two sides of roadway
are high stress areas, and the line direction is consis-
tent with the tendency of coal seam. The roof and
floor of the roadway are both low stress areas, and
the floor appears in a small range of tensile stress
area
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Figure 10: Roadway surface deformation curve. (a) Roof Subsidence. (b) Floor Heave. (c) Right Side Offset.
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(2) The variation trend of vertical stress under different
support methods is consistent, and the variation trend
of vertical stress on both ribs increases first and then
decreases, gradually approaching the in situ rock stress.
The vertical stress of roof and floor increases all the
time and finally approaches the in situ rock stress.
From no support to combined support, the area of high
stress on both ribs of roadway is obviously reduced, the
change of roof is small, and the stress concentration
area of floor corner is obviously reduced. The vertical
stress concentration range of roadway surrounding
rock is obviously decreased after the support, and the
combined support is more effective, and the vertical
stress distribution is more uniform

(3) After the roadway excavation, the overall energy of the
coal seam is high, and a high energy zone appears at
about 2m of the roadway, corresponding to the high
vertical stress zone. The energy of the roof and floor
of the roadway is the smallest, extending 5m upward
and downward to the low energy area. The rest of
the positions have uniform energy distribution, and
the overall energy of the lower part is larger than that
of the upper part

(4) The variation trend of energy under different support
methods is consistent with that of vertical stress. The
variation trend of energy on both ribs increases first
and then decreases. The variation trend of energy in
the roof and floor is always increasing and finally
tends to be stable. From no support to combined sup-
port, the high energy zone on both ribs of the roadway
is obviously reduced. The energy concentration range
of the roadway surrounding rock decreases after the
support, the combined support effect is better, and
the energy distribution is more uniform

(5) After the roadway adopts the combined support
technology, the roof, floor, and right rib deforma-
tions are reduced by 63.56%, 43.33%, and 64.38%,
respectively. The deformation of surrounding rock
is controlled, and the overall stability of the sur-
rounding rock is improved

Data Availability

The rock mechanical parameters in this paper are all mea-
sured in the laboratory, and the status quo of roadway sup-
port and on-site monitoring data are all obtained through
on-site investigation.
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