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Asymmetrical deformation and failure characteristics of the surrounding rock at the right-angled trapezoidal roadway in the
Shitanjing No. 2 mining area has created great difficulties in the stability control and support of the roadway. First, numerical
simulations were applied to systematically analyze the distribution rules for vertical stress, horizontal stress, and failure
characteristics of the roadway. Furthermore, verifications were conducted via laboratory model tests and practical engineering
application. *e results show that the two walls of the roadway, the roof, and the sharp corners demonstrate obvious asymmetric
stress concentrations.*e peak value of stress concentration in the low side (right wall) is significantly greater than that in the high
side (left wall), and the distances from high and low sides of roadway to both walls of the roadway are obviously different. *e two
sharp corners, which are symmetrical along the same direction of the coal seam inclination, show obvious compressive stresses,
while the opposite directions show obvious tensile stress regions at both sharp corners; further, maximum values of the
compressive and tensile stresses appear at the two corners of the roadway roof, and their magnitudes vary with the change in
inclination and ground stress.

1. Introduction

With the gradual exhaustion of high-quality coal resources
and shrinkage of production in the eastern part of China in
the 21st century, the focus of resource exploitation is shifting
to the western part of China. *e exploitation of coal re-
sources plays an important role in facilitating energy effi-
ciency in the western region [1–4]. *e inclined coal seam
reserves in the western region of China account for ap-
proximately 10.1% of the recoverable reserves, and there are
high-quality coal seams with high mining value [5–7].
However, in the mining process of an inclined seam, the
stress of the surrounding rock of the roadway is asymmetric
owing to the influence of the inclination angle, which
presents great difficulty in stability control and support
engineering of the roadway [8–15].

Domestic and foreign researchers mainly focus on
studying the asymmetric stress distribution characteristics of

surrounding rocks in inclined seam roadways with large
inclinations and steeply inclined seams, and the section
forms are mostly rectangular and arch roadways. *e cur-
rent research results indicate that the stress distributions in
the surrounding rocks of roadways exhibit obvious asym-
metric characteristics for roadways excavated at large in-
clinations [16–20] and for steeply inclined [21–26] coal
seams, the stress concentrations on the roof, two walls, and
floor of a roadway is obviously different and increases with
the inclination angle. Asymmetric deformation and failure
of the roadway will occur due to asymmetric stress distri-
bution of the surrounding rock [27]. Aiming at the asym-
metric failure characteristics of the roof, two walls, and floor
of the roadway (rectangular and arch); supporting measures
were proposed in literature [1]. However, there are few
studies on the asymmetric stress distributions of sur-
rounding rocks in right-angled trapezoidal roadways with
gently inclined coal seams at different inclination angles.
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*erefore, it is of great theoretical value and practical sig-
nificance to conduct numerical simulations and analyze the
stress asymmetry characteristics of right-angled trapezoidal
roadways in gently inclined seams for stability evaluation.

In the inclined coal seam, the roadway is usually
arranged along the roof, middle, and bottom of the coal
seam. *e location of the roadway in the coal seam is
different, resulting in different cross-sectional shapes of
the roadway. *e Shitanjing No. 2 mining area is located
in the western high-mountain area. It is a typical gently
inclined coal seam with a dip angle of 18–27°. *e
thickness of the recoverable coal seam is 5.5–6.06 m. *e
roadway is excavated along the roof of the coal seam to
form a right-angled trapezoidal roadway. Taking the
Shitanjing No. 2 mining area as the engineering back-
ground, theoretical analysis and numerical modeling
with FLAC3D software are used to study the asymmetric
distribution of surrounding rock stress in a right-angled
trapezoidal roadway with an inclined dip angle. Based on
the engineering background of the Shitanjing No. 2
mining area, in this research, the asymmetric stress
distribution law of the surrounding rock of the right-
angled trapezoidal roadway in different inclined seams is
evaluated by theoretical analysis and numerical simu-
lations using FLAC3D and verified via laboratory model
tests and practical engineering application, which pro-
vide the scientific basis for the selection of supporting
schemes for the right-angled trapezoidal roadway in this
area.

2. Analysis of Asymmetric Characteristics of the
Stress in the Surrounding Rocks of
the Roadway

Numerous scholars have discovered that after the exca-
vation of an inclined coal seam roadway, the stress re-
distribution around the roadway exhibits obvious
asymmetric characteristics, and the stress distribution
between the two walls of the roadway and the roof and floor
is obviously different under the action of the overlying
strata load [28–30]. As can be observed from Figure 1, the
stress acting on the roadway is characterized by the shear
stress σx along the inclined direction of the coal seam and
the compressive stress σy perpendicular to the coal seam
owing to the influence of the dip angle of the seam.*e high
side is subjected to a tensile force σx parallel to the direction
of the coal body, while the low side is subjected to a
squeezing force σy (Figure 1).

*is asymmetry and nonhomogeneous stress state
lead to stress concentration peak value on the right wall
(low side) being greater than that on the left wall (high
side), and the distances from the points with the peak
stress concentrations at the high and low sides to both
walls of the roadway are different (Figure 2). According
to the formula for the width of the stress limit equilib-
rium zone, the distance between the stress concentration
areas A and B and the wall of the roadway can be cal-
culated as xA and xB, respectively, as shown in equations
(1) and (2).

xA �
mAf

2tgφ0
ln

kAch + c0/tgφ0( 

c0/tgφ0(  + Px/f( 
 , (1)

xB �
mBf

2tgφ0
ln

kBch + c0/tgφ0( 

c0/tgφ0(  + Px/f( 
 , (2)

where xA and xB are the widths of the stress limit
equilibrium zone (m); mA and mB denote the height of the
roadway (m); f is the lateral pressure coefficient; φ0 is the
friction angle of composite coal rock (°); kA and kB denote the
pressure rise coefficients; h is the coal mining depth (m); c0 is
the cohesive force between the coal seam and roof rock
stratum (MPa); c is the bulk density (kg·m3); and Px is the
support resistance to coal support (MPa).

It can be seen from equations (1) and (2) that the dis-
tances from the stress concentration areas A and B to the two
walls play a key role in determining the heights of the two
walls of the roadway. For the right-angled trapezoidal
roadway in the inclined coal seam, the distance from the
stress concentration area of the high side to the wall of the
roadway is larger than that of the low side because of the
obvious difference between the heights of the high and low
sides.
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Figure 1: Stress decomposition map of the surrounding rock of
two laneways.
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Figure 2: Stress distribution map of the surrounding rock of two
laneways.
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For the roof of the roadway, the stress distribution also
exhibits obvious asymmetric characteristics; that is, the
stress concentration of the right wall (low side) sharp angle
of the roadway roof is greater than the left wall (high side)
sharp angle, and it changes with the change in inclination, as
shown in Figure 3. *ese values are calculated as follows:

σwL � 
5b1

0
5ab1c1h1dh,

σwR � 
6b1−b2

0
5a 6b1 − b2( c1h1dh,

(3)

where σwL and σwR are the stresses at the corners of the high
and low sides of the roadway roof (MPa), respectively; a is
the width of the roadway (m); c1 is the average rock bulk
density (kg·m3); h1 is the coal mining depth (m); b1 and b2
are the heights of the roadway in the high and low sides (m),
respectively.

In conclusion, under the asymmetric stress of the sur-
rounding rock of the right angle trapezoid roadway in the
inclined coal seam, the deformation and failure of the
surrounding rock of roadway also presents obvious asym-
metric characteristics. *e two walls of the roadway are
squeezed and dislocated on the inside and bulge out con-
siderably. *e damage on the low side is greater than that in
the high side, and the greatest damage is observed in the two
corners of the low side.

3. Model Establishment and
Parameter Selection

Based on the Mohr Coulomb criterion, a numerical model is
established using the numerical simulation software
FLAC3D (Figure 4). *emodel size is 36m× 5m× 36m, the
four walls are constrained in the normal direction, the top
surface is the ground surface, and the surface is the free
boundary of stress and displacement; the bottom boundary
is subjected to horizontal and vertical constraints, and the
top of the model is the overlying rock layer. Four typical
calculation models with inclination angles of 18°, 21°, 24°,
and 27° were established, and stresses of 2.5MPa, 5MPa,
10MPa, 15MPa, and 20MPa were applied. *e asymmetric
distribution characteristics of surrounding rock stress in the
right-angled trapezoidal roadway were analyzed. According
to the coal seam geological conditions of the Shitanjing No. 2
mining area, the physical and mechanical parameters of the
surrounding rock are selected as given in Table 1.

4. Numerical Simulation Analysis

4.1. Vertical Stress Distribution Characteristics of Roadway.
Figure 5 shows the vertical stress nephogram of the right-
angled roadway in different inclined seams under a simu-
lated ground stress of 2.5MPa. It can be seen from the figure
that the stress concentration on the right wall (low side) of
the roadway is greater than that on the left wall (high side).
*e distance from the stress concentration area of the left
wall (high side) to the side of the roadway is greater than that
of the right wall (low side). *e stress concentration on the

roof of the roadway deviates toward the life wall (high side),
and the stress concentration on the floor deviates toward the
right wall (low side) and changes with the inclination angle.

Figure 6 is the curve of the stress concentration peak
value of the right-angled trapezoidal roadway for different
inclined seams with simulated ground stress q. Figure 6
displays that the stress concentration peak values of both
walls of the roadway increases with the increase in incli-
nation and ground stress. When the inclination angle is
18–27°, the stress concentration peak value of the low side is
1.07–1.33 times greater than that of the high side. However,
under the action of small ground stress, the difference in
peak stress between the two walls is not very obvious, mainly
because of the influence of the dip angle.

Figure 7 is the curve of the distance from the peak stress
concentration to both the walls of the right-angled trape-
zoidal roadway in the inclined coal seam with different
ground stresses. *e distances from the points at which the
peak values of stress concentration occur on the two walls of
the roadway to the sides of the roadway are obviously
different and increase with the increase in inclination and
ground stress, as shown in Figure 7 and Table 2. When the
inclination is 18–27° and the ground stress is 10MPa, at the
high side of the roadway, the stress concentration peak to the
distance of the side wall of the roadway is 1.28–3.00mm
greater than that at the low side. When the ground stress is
10–20MPa and the inclination is 18°, at the high side of the
roadway, the stress concentration peak to the side wall of the
roadway is greater than that at the low side, which is
1.26–1.36mm. However, with the increase in inclination
angle, the distances from the points with peak stress con-
centrations at the two sides to the walls of the roadway
become progressively smaller.

4.2. Horizontal Stress Distribution Characteristics of the
Roadway. Figure 8 shows the horizontal stress nephogram
of the right-angled trapezoidal roadway in different inclined
seams under a simulated ground stress of 2.5MPa. It can be
seen from Figure 8 that the two cusps symmetrical with the
dip angle of the coal seam show an obvious compressive
stress zone, while the opposite direction shows an obvious
tensile stress zone, and the maximum values of the com-
pressive and tensile stresses appear at the two cusps of the
roof of the roadway. With the increase in inclination angle,
the stress concentration at the corner of the roadway
decreases.
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Figure 3: Stress distribution at the roof of the laneway.
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Table 1: Numerical simulation of physical and mechanical parameters of coal and rock.

Rock stratum *ickness
(m)

Density
(kg·m−3)

Bulk modulus
(GPa)

Shear modulus
(GPa)

Friction
(°)

Cohesion
(MPa)

Tension
(MPa)

(1) Siltstone 4.6 2 460 8.49 6.47 32.1 5.7 3.77
(2) Medium grain
sandstone 4 2 510 10.11 7.27 37.0 11.8 2.78

(3) Mudstone 2.9 2 530 7.79 5.34 31.5 1.85 1.54
(4) Coal seam 5.5 1 400 1.80 0.83 21.0 1.60 0.50
(5) Siltstone 9.2 2 460 8.49 6.47 32.1 5.7 3.77

Stress (Pa)
–4.8069E + 05
–5.0000E + 05
–7.5000E + 05
–1.0000E + 06
–1.2500E + 06
–1.5000E + 06
–1.7500E + 06
–2.0000E + 06
–2.2500E + 06
–2.5000E + 06
–2.7500E + 06
–3.0000E + 06
–3.2500E + 06
–3.5000E + 06
–3.7500E + 06
–4.0000E + 06
–4.2500E + 06
–4.3232E + 06

(a)

Stress (Pa)
9.9217E + 04
0.0000E + 00
–2.5000E + 05
–5.0000E + 05
–7.5000E + 05
–1.0000E + 06
–1.2500E + 06
–1.5000E + 06
–1.7500E + 06
–2.0000E + 06
–2.2500E + 06
–2.5000E + 06
–2.7500E + 06
–3.0000E + 06
–3.2500E + 06
–3.5000E + 06

–4.2500E + 06
–4.5000E + 06
–4.5879E + 06

–3.7500E + 06
–4.0000E + 06

(b)

Stress (Pa)
–1.2397E + 06
–1.2500E + 06
–1.5000E + 06
–1.7500E + 06
–2.0000E + 06
–2.2500E + 06
–2.5000E + 06
–2.7500E + 06
–3.0000E + 06
–3.2500E + 06
–3.5000E + 06
–3.7500E + 06
–4.0000E + 06
–4.0781E + 06

(c)

Stress (Pa)
–1.7537E + 06
–1.8000E + 06
–2.0000E + 06
–2.2000E + 06
–2.4000E + 06
–2.6000E + 06
–2.8000E + 06
–3.0000E + 06
–3.2000E + 06

–3.8000E + 06
–4.0000E + 06
–4.0627E + 06

–3.4000E + 06
–3.6000E + 06

(d)

Figure 5: Vertical stress nephogram of the roadway. (a) 18°. (b) 21°. (c) 24°. (d) 27°.
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Figure 4: Numerical calculation model.

4 Advances in Civil Engineering



0 3 6 9 12 15 18 21 24
0

5

10

15

20

25

30

35

40

High side
Low side

St
re

ss
 (M

Pa
)

q (MPa)

(a)

High side
Low side

q (MPa)
0 3 6 9 12 15 18 21 24

0

5

10

15

20

25

30

35

40

45

St
re

ss
 (M

Pa
)

(b)

High side
Low side

q (MPa)
0 3 6 9 12 15 18 21 24

0

5

10

15

20

25

30

35

40

St
re

ss
 (M

Pa
)

(c)

High side
Low side

q (MPa)
0 3 6 9 12 15 18 21 24

0

5

10

15

20

25

30

35

40

St
re

ss
 (M

Pa
)

(d)

Figure 6: Comparative analysis curves of peak stress and ground stress of the two sides of the roadway. (a) 18°. (b) 21°. (c) 24°. (d) 27°.
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Figure 7: Curve of the change in stress concentration peak with the side distance of the two sides of the roadway with inclination angle. (a)
10MPa. (b) 20MPa.
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4.3. Horizontal Displacement Characteristics of the Roadway.
Figures 9 and 10 depict the horizontal stress nephogram of
the roadway and the displacement analysis diagram of the
two walls of the roadway with different simulated ground
stresses q and different inclination angles, respectively.
Figures 9 and 10 and Table 3 reveal that the displacement
difference between the two walls of the roadway is obvious
and increases with the increase in group stress. *e group
stress is 10–15MPa and the inclination angle is 18°, and the
roadway’s high side is 15–77mm larger than the low side.
However, the difference decreases with the increase in in-
clination angle. When the inclination angle is 18–27° and the
group stress is 10MPa, the roadway’s high side is 15–10mm

larger than the low side. *e main reason is that the dif-
ference in height between the two walls leads to uneven
stress distribution.

5. Validation of the Simulation Test

5.1. Test Plan. To verify the asymmetric stress distribution
characteristics of the surrounding rock of the right-angled
trapezoidal roadway in the inclined seam further, the lab-
oratory model test adopted the principle of geometric
similarity and strength equality and established four types of
right-angled trapezoidal roadway test models with different
inclined seam angles, namely, 18°, 21°, 24°, and 27°

Table 2: Distance from peak stress concentration to both sides of roadway (mm).

Dip angle
Ground stress 10MPa Ground stress 20MPa

Low side High side Low side High side
18° 6.42 5.14 12.03 10.67
21° 6.05 4.05 11.85 9.85
24° 5.4 2.9 11.18 8.38
27° 5.01 2.01 10.55 6.65

7.0522E + 05
7.0000E + 05
6.0000E + 05
5.0000E + 05
4.0000E + 05
3.0000E + 05
2.0000E + 05
1.0000E + 05
0.0000E + 00
–1.0000E + 05
–2.0000E + 05
–3.0000E + 05
–4.0000E + 05
–5.0000E + 05
–6.0000E + 05
–7.0000E + 05
–8.0000E + 05
–9.0000E + 05
–9.0594E + 05

Stress (Pa)

(a)

9.4567E + 05
8.0000E + 05
6.0000E + 05
4.0000E + 05
2.0000E + 05
0.0000E + 00
–2.0000E + 05
–4.0000E + 05
–6.0000E + 05
–8.0000E + 05
–1.0000E + 06
–1.1309E + 06

Stress (Pa)

(b)

–1.0000E + 05
–2.0000E + 05
–3.0000E + 05
–4.0000E + 05
–5.0000E + 05
–6.0000E + 05
–7.0000E + 05
–7.6621E + 05

3.9580E + 05
3.0000E + 05
2.0000E + 05
1.0000E + 05
0.0000E + 00

Stress (Pa)

(c)

–1.0000E + 05
–2.0000E + 05
–3.0000E + 05
–4.0000E + 05
–5.0000E + 05
–6.0000E + 05
–6.4765E + 05

3.9675E + 05
3.0000E + 05
2.0000E + 05
1.0000E + 05
0.0000E + 00

Stress (Pa)

(d)

Figure 8: Horizontal stress distribution characteristics of the roadway. (a) 18°. (b) 21°. (c) 24°. (d) 27°.
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Figure 9: Horizontal stress distribution characteristics of the roadway. (a) 18°. (b) 21°. (c) 24°. (d) 27°.
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Figure 10: Continued.
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(Figure 11).*e geometric similarity ratio is 1 : 30, the model
size is 72 cm× 72 cm× 10 cm, and the lithology parameters
are selected from the engineering background of the Shi-
tanjing No. 2 mining area, which is the same as that for the
numerical simulation. Different proportions of cement
mortar were used to simulate the characteristics.

*e measurement points are arranged at the roadway
walls, roof, and floor, as well as the corners. A vertical
uniform load is applied to the model in a stepwise manner
until the specimen is completely destroyed.*e strain values
of each measurement point under different loads are
recorded in real time during the loading process.

5.2. Analysis of Test Results

5.2.1. Stress Distribution Law of the Roof Surrounding the
Rock. Figure 12 displays a simulated ground stress-strain
curve of the roof surrounding the rock of the trapezoidal
roadway with different dip angles. *e stress of the roof
surrounding the rock of the roadway presents obvious
asymmetric characteristics, and the size distribution of the
middle measuring point of the roof (Intermediate)> the low
side measuring point of the roof (R- low side)> the high side
measuring point of the roof (R- high side) from Figure 12. In
addition, the maximum strain on the low side of the sur-
rounding rock is significantly larger than that on the high
side. *e greater the dip angle, the more obvious the dif-
ference in stress distribution between the high and low sides

of the surrounding rock of the roadway. When the incli-
nation angle is in the range of 18°–27°, the maximum strain
on the right wall of the roof (R- low side) is 1.3–2.1 times
larger than that on the left wall of the roof (R- high side).

5.2.2. Stress Distribution Law of the Surrounding Rocks of the
Two Walls of the Roadway. Figure 13 describes the simu-
lated ground stress-strain curve of the surrounding rock of
the right-angled trapezoidal roadway with different dip
angles. It can be concluded that the stress concentrations on
the two walls of the roadway are clearly different, and they
increase with increasing inclination and ground stress. *e
inclination angle is 18°–27°, and the maximum value of the
right wall (low side) stress concentration is 1.2–1.7 times that
of the left wall (high side).

5.2.3. Stress Distribution Law of the Two Surrounding Rocks.
Figure 14 is a simulated ground stress-strain curve of the
surrounding rock at the corners of a right-angled trapezoidal
roadway with different dip angles. Figure 14 reveals that the
stress distribution of each point at the four corners of the
roadway is different. From large to small, the order is low
side shoulder angle (LSSA), high side shoulder angle
(HSSA), low side bottom angle (LSBA), and high side
bottom angle (HSBA). When the dip angle is 18°, LSSA’s
strain is 2–4 times of other sharp angles, it changes with the
change in inclination.

5.2.4. Analysis of Stress Distribution in the Surrounding Rock
of the Roadway Floor. Figure 15 is a simulated ground
stress-strain curve of the surrounding rock of a rectangular
trapezoidal roadway with different dip angles. It can be seen
from Figure 15 that under the action of the upper roof and
the two sets of asymmetric stress, the stress distribution of
the floor of the roadway also exhibits obvious asymmetry,
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Figure 10: Analysis curves of the horizontal displacements of the two sides of the roadway. (a) 18°. (b) 21°. (c) 24°. (d) 27°.

Table 3: Horizontal displacement of two sides of roadway (mm).

Dip angle
Ground stress 10MPa Ground stress 20MPa
Low side High side Low side High side

18° 22.54 37.47 115.51 192.53
21° 23.89 31.31 114.64 159.00
24° 14.93 23.01 72.88 106.89
27° 7.1 17 21.41 58.81
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Figure 12: Stress-strain curves of the roof surrounding the rock. (a) 18°. (b) 21°. (c) 24°. (d) 27°.
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Figure 13: Stress-strain curve of the surrounding rock of the two sides of the roadway. (a) 18°. (b) 21°. (c) 24°. (d) 27°.
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Figure 14: Continued.
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Figure 14: Stress-strain curve of the surrounding rock at the corner of the roadway. (a) 18°. (b) 21°. (c) 27°. (d) 27°.
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Figure 15: Stress-strain curve of roadway floor. (a) 18°. (b) 21°. (c) 24°. (d) 27°.
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and the stress on the right wall of the floor (F-low side) is
greater than that on the left wall of the floor (F-high side).

From the laboratory model test results, it can be seen that
the stress distribution law of the right-angled trapezoidal
roadway in a gently inclined seam is similar to the numerical
simulation, and the stress distribution of the surrounding
rock in the roof, the two walls, the floor, and the corner of the
roadway shows clear asymmetric characteristics; however,
there are some differences in the numerical values.*e main
reason is that the proportion of similar materials, size of the
model, loading mode, and so on have an impact on the test
results.

6. Comparison and Analysis of
Simulation Results

It can be seen from the simulation results that the asym-
metric distribution law of the surrounding rock in inclined
right angle trapezoidal roadway is basically the same as that
of large dip angle and steep inclined coal seam roadway, but
the degree of stress asymmetry in the inclined coal seam is
much lower than that of large dip angle coal seam. *e
numerical simulation results of the asymmetric deformation
and failure characteristics of the inclined trapezoidal

roadway in the inclined coal seam are consistent with the
laboratory model test (Figure 16) and the site failure
morphology of the Shitanjing No. 2 mine (Figure 17), in
which the deformation and failure law exhibits an asym-
metrical feature. Further, the two walls of the roadway are
severely bulging, and the low side is larger than the high side.

7. Conclusion

Based on the theory of asymmetric stress distribution in the
surrounding rock of right-angled trapezoidal roadway in an
inclined coal seam, and considering the Shijiajing No. 2
mining area as the engineering background, this paper
further analyzes the asymmetric distribution characteristics
of the surrounding rock by using the FLAC3D finite dif-
ference method. *rough verifications with a simulation
test, the following conclusions were drawn:

(1) *e stress distribution of the surrounding rock of the
right-angled trapezoidal roadway in the inclined coal
seam shows clear asymmetry.*emain performance
is that the peak value of stress concentration in the
low side is greater than that in the high side, and the
distance between the high side and the side wall of
the roadway is greater than that in the low side. With

(a) (b)

Figure 16: Deformation and failure of roadway in laboratory model test. (a) 24°. (b) 27°.

(a) (b)

Figure 17: Deformation and failure of roadway in Shitanjing No. 2 mine. (a) 24°. (b) 27°.
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the increase in the inclination angle and ground
stress, the difference between the peak value of stress
concentration and the distance from the side wall of
the roadway is more obvious. When the inclination
angle is 18°–27°, the peak value of stress concen-
tration of the low side is 1.07–1.33 times that of the
high side, and the distance from the high side to the
side wall of the roadway is 1.26–3.79m larger than
that of the low side. Second, two sharp corners that
are symmetric with the same inclination angle of the
coal seam show obvious compressive stress regions,
while the opposite two sharp corners show obvious
tensile stress regions. *e maximum values of
compressive and tensile stresses appear on the roof of
the roadway.

(2) Under the action of asymmetric stress, the defor-
mation and failure of the roadway surrounding the
rock also presents asymmetric characteristics. *e
two walls of the roadway exhibit extrusion, dislo-
cation, and serious deformation and damage; how-
ever, the deformation damage of the low side is
obviously larger than that at the high side. *e main
reason is that the difference in height between the
two walls of the roadway leads to the uneven dis-
tribution of stress.

(3) *e results of numerical simulation are basically
consistent with laboratory model test and field en-
gineering. However, there are some differences in the
data obtained, and the main reason is that the two are
affected by the selection of the simulation parame-
ters, ratio of similar materials, size of the model, and
loading method.
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