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Abstract: The stability of roadway sidewalls is crucial to ensuring people’s safety and production
efficiency in coal mining. This paper investigated the deformation and failure of deep roadway
sidewalls, particularly the effects of height-width ratios and lateral pressure coefficients. Our research
results indicate that brittle failure occurred in the diabase sidewall rock of the Datai coal mine, and a
V-shaped pit was formed as a result of shear damage caused by high stress. When the height-width
ratio of a roadway increases from 0.25 to 2.00, the tensile and shear plastic failure area of the sidewall
increases, and vertical stress is transferred to a deep part of the roadway sidewall. There are two
stress concentration zones and two stress peak points in the sidewall of a roadway. When the lateral
pressure coefficient increases from 0.10 to 1.00, the tensile plastic zone of rock mass in the sidewall
first decreases and gradually reaches stability. On the other hand, the shear failure area increases
and then decreases. Similarly, the sidewall horizontal displacement decreases and then increases.
Additionally, the vertical stress concentration position is located near the roadway sidewall.

Keywords: roadway sidewall stability; high in-situ stress; brittle failure; height to width ratio; lateral
pressure coefficient

1. Introduction

After excavation, the stress state of the surrounding rock changes dramatically and
stress is redistributed [1-3], which can lead to the instability of a roadway. Common
failure modes for the surrounding rock include brittle failure, roof collapse, sidewall
collapse [4-6], etc. The deep roadway is subjected to high stress, requiring excavation to
confront complex stress conditions. The rock behaves in a completely different mechanical
manner compared to shallow rock. Its strength characteristics, deformation mechanism,
and damage mode are difficult to explain accurately using traditional theories [7,8]. How
to effectively evaluate and maintain the safety of the surrounding rock has been a hot issue
in the research of underground rock support engineering. The surrounding rock consists of
the roof, floor, and sidewalls, and the stability of each component is of utmost importance.
A prevalent method for examining the stability of a roadway is numerical simulation.
The numerical simulation method can simulate complicated underground structures and
geological conditions. This capability supports the investigation of parameter sensitivity
and aids engineers in optimizing design schemes for underground engineering. The stress
and strain in the surrounding rock after excavation are analyzed to determine the damage
state of the roadway [9-12].

Most studies focus on the failure of roof rock and floor rock, while disregarding the
significant contribution of the sidewall rock in maintaining the stability of a roadway.
When damage occurs in the sidewall, it also means that the span of the roadway will
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increase. Although the range of sidewall damage is limited, it should be noted that this
limited damage range will trigger the overall failure of the roadway. As concluded by some
scholars [13-15], it can result in a roof collapse or floor heave with the gradually increasing
width of an underground excavation, which leads to the overall instability of the roadway:.
Matkowski et al. [16] proposed a numerical method to study the floor heave of roadways
under dry and soaking conditions, and the obtained results were in good agreement with
field measurement data. Coggan et al. [17] studied the influence of ground stress and rock
layers on the safety of the surrounding rock and found that a weak roof rock layer is the
main factor affecting the stability of a roadway. The failure types in sidewall rock include
spalling, bursting, and folding [18,19]. Gou et al. [20] proposed that damage to sidewalls
primarily results from tensile stress, which progressively transitions to shear damage as
one moves toward the interior of a rock mass. Jia [21] analyzed some primary mechanical
damage mechanisms of roadway sidewalls, categorizing the forms of roadway sidewall
failure as compression-shear, gravity-slip, splitting, and transverse-arch. Wei et al. [22]
simulated the stress of rock around coal roadways using a PFC two-dimensional numerical
method. Ivan Sakhno and Svitlana Sakhno [23] suggested that rock failure begins at the
corners of the bottom, progressively extending toward the bottom and sidewalls, ultimately
leading to uncontrolled floor heaving in the roadway. With the transfer of concentrated
stresses in the sidewalls to greater depths, the roof and floor are relatively stable and the
sidewalls are gradually destroyed [24]. The plastic zone of surrounding rock near the
sidewall is larger than that near the roof [25]. The serious damage of a roadway sidewall
demonstrates that it is the key part that needs to be supported [26-29]. Local damage to the
sidewall rocks can cause instability in the entire roadway, resulting in significant economic
losses and even casualties. Therefore, it is important to avoid such damage to ensure the
safe construction and use of deep underground coal mine roadway projects. Studying the
deformation and damage mechanisms of sidewall rock is crucial to ensuring the safety of
the surrounding rock in deep underground coal mining roadways.

In this paper, the analysis of the damage pattern of the sidewall rocks in the dia-
base roadway at the Datai coal mine is presented first. Following this, we will discuss a
numerical model we have established. The model presents roadway systems in various
conditions of height-width ratios and lateral pressure coefficients to analyze the evolving
regulations of plastic damage, horizontal displacement, and vertical stress of sidewall rocks
after excavation.

2. Project Overview
2.1. Failure Characteristics of Roadway Sidewalls

The Datai coal mine is located in the Mentougou District of Beijing, China. It has a
strike length of 10.9 km, an inclined width of 0.67 km, and an area of 7.31 square kilometers.
The surrounding rock of the roadway at the —410 m and —510 m horizontal levels of the
Datai coal mine is composed of diabase, which is highly structurally dense and brittle.
Additionally, it has a uniaxial compressive strength of 187 MPa, indicating a typical hard-
rock geological condition. Based on the statistics of the fracture area of the highly brittle
diabase rock roadway at the —410 m and —510 m levels in the Datai coal mine, the failure
positions of the sidewall rock are shown in Figure 1.

The floor rock of the Datai coal mine is diabase, which is dark green to black in color,
composed of plagioclase, hornblende, and other minerals, with a hard texture. The diabase
fragment slices were observed using an electron microscope. It can be found that the
diabase fracture is flat, the structure is dense, the grain boundary of the diabase particles is
obvious, the damage is mostly intergranular fracture, and the brittle fracture characteristics
are significant. The failure position of the surrounding rock mostly appears in the middle-
upper or middle-lower part of sidewalls. The specific situation is shown in Figure 2. Large
blocks of diabase fell from the roadway sidewall, forming a V-shaped destruction zone.
The specific situation is shown in Figure 3. The rock roadway is about 800 m deep and is in
a high in-situ stress state. Diabase is brittle, and the roadway sidewall is forced to deform
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by the roof and bottom plate, which led to the main failure of the diabase in the roadway

sidewall. The main cause of the damage was shear failure, and as it failed it formed a
V-shaped rupture pit.

— . — MThe boundary of -410m
horizontal diabase

— - — @The boundary of -510m
horizontal diabase
— — (@Failure zone of -410m horizontal
roadway sidewall

— — (@Failure zone of -510m horizontal
roadway sidewall
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I GFailure point of -410m horizontal

‘ The horizonta] i
roadway sidewall roadw ay of -410m
I ©Failure point of -510m horizontal

roadway sidewall

Figure 1. Distribution of roadway failure occurrence at the levels —410 m and —510 m in Datai
coal mine.

(a) (b)

Figure 2. Failure zone of the sidewall: (a) Middle-upper part of roadway sidewall; (b) Middle-lower
part of roadway sidewall.

(a) (b)

Figure 3. Failure characteristics of the roadway sidewall: (a) Block shedding; (b) Shape of destruction.
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2.2. In-Situ Stress

The deep rock mass of the Datai coal mine is in an in-situ high stress environment,
which leads to serious deformation of and damage to the roadway. In-situ stress is tested
using the stress relief method [30]. The in-situ stress is measured from a distant point prior
to the construction of the roadway. Two in-situ stress measuring points are set at the level
of —510 m. The results of the in-situ stress test are illustrated in Table 1.

Table 1. The magnitude and direction of principal stress on each measuring location.

Principal Stress Direction (°)

Number of Measuring Points Principal Stress Principal Stress Value (MPa)
Azimuth Angle Dip Angle

o1 45.69 15491 —2.11

1 o) 24.44 80.21 77.62
o3 19.10 244.85 8.95
o1 49.30 156.79 —2.40

2 g 25.63 80.21 79.76
o3 18.46 246.37 9.95

According to the results of the stress measurements performed on the Datai coal mine
roadway at —510 m, the following conclusions can be obtained.

(1) The azimuth angles of the principal stress o of the two measuring points are 154.91°
(borehole 1) and 156.79° (borehole 2), respectively, values which are basically consis-
tent with the principal stress direction in North China. Near east-west (the Datai coal
mine is east of Taihang Mountain), the azimuth angle of borehole 2 is 224°, and the
included angle with the azimuth angle of ¢y is 67.21°. The core discing phenomenon
appeared in borehole 2, as shown in Figure 4. This is a main feature of rock masses
under high ground stress.

(2) At the two measuring points, o1 had dip angles of —2.11° and —2.40°, respectively. oy
is oriented in a near-horizontal direction, suggesting that the in-situ stress in this area
is mainly characterized by horizontal compressive stress. Therefore, it is necessary to
study the effect of horizontal ground stress on the safety of the rock mass, which can
be determined by changing the lateral pressure coefficient.

(38) The principal stress values of the two measuring points in the near vertical direction
are 24.44 MPa and 25.63 MPa, respectively, values which are basically equal to the
pressure of the overlying strata per unit area at the —510 m level.

(4) The differences between the dip angles of o7 and o3 at the two measuring points
are 11.06° and 12.35°, respectively. The differences between the dip angles are small
and similar to the horizontal direction. At the same time, 0 is 2.39~2.67 times the
minimum principal stress 03, and the difference is larger. Shear failure in the rock
mass of a sidewall is serious.

)Cm_%lcun;cqucull em  10em | 7em | 15cm dom,
- [ | P [ > D

Figure 4. Core discing phenomenon in the borehole 2 of the roadway sidewall.
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3. Materials and Methods

After unloading, the tiny unit at the boundary of sidewall rock is in a stress state of
one face free and five faces loaded. Under this special stress state, its deformation and
failure law are easily affected by external influences. The rock mass of the sidewall is prone
to tensile failure and shear failure, which in turn causes a series of safety disasters. In this
section, FLAC3D, a finite-difference-based method is used to establish a model of the Datai
coal mine and study the deformation and destruction laws of diabase. A numerical model
is used to simulate the displacement and destruction laws of the surrounding rock of the
roadway sidewall under different influencing factors. The study content of this paper lays
out a certain theoretical framework for a deep understanding of the destruction mechanism
of brittle rock or coal rock and provides some suggestions for the reasonable development
of rock support control technology for roadway sidewalls.

3.1. Model Size and Parameters

This paper studies a mining roadway located in a coal mine the working face in the
Datai Coal Mine of China. It is rectangular and there is no cavity near it. The actual roadway
has the characteristics of symmetry along the central axis of the cross section of the roadway
in terms of lithology, roadway shape, and buried depth. This simulation takes the —410 m
horizontal rock roadway of the coal seam floor of the Datai coal mine as the prototype,
and the model takes half of the structure of the roadway for numerical simulation. The
model grid division is shown in Figure 5. The size of the model and roadway is constantly
changing, when we studied the influence of the height-width ratio on results. The method
of selecting the size of the model was that the length of the fixed model is 60 m, the width
of the fixed model is 40 m, the height of the fixed model is 40 m, and the width of the
roadway is 4 m. When the height-width ratio of the roadway increases, the height of the
roadway also increases. For example, when the height-width ratio takes the maximum
value of 2, the half-height of the roadway takes the maximum value of 4 m, the distance
between the upper boundary of the model and the center of the roadway is 20 m, and the
ratio of the two is 5. Therefore, when studying the influence of the height-width ratio on
results, the distance between the model boundary and the center of the roadway is at least
5 times greater than the maximum size of the roadway. When studying the influence of the
lateral pressure coefficient on the results, the distance between the model boundary and
the center of the roadway is always 10 times the maximum size of the roadway.

......
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~ QRoadwa sidewall

%
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Figure 5. Three-dimensional model used for numerical calculation of roadway sidewall failure
(height-width ratio h/w = 1).
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The boundary conditions set in the numerical simulation are illustrated in Figure 6.
The top part of the rock mass represents the formation load. The x-direction boundaries are
fixed at both ends. The y-direction boundaries are fixed, and the lower end of the z-direction
is also fixed. Horizontal stress is applied to the internal elements of the numerical model
based on the lateral pressure coefficient.

In-situ stress

SR N N B

TTrTY

Roadway | Surrounding rock

b
b
b

AL L LA L L L L

b
AL L L L

Figure 6. Boundary conditions used in rock mass.

In this simulation, the constitutive model adopts the Mohr-Coulomb model. The
surrounding rock of the roadway is diabase. The main material properties of diabase
are elastic modulus, Poisson’s ratio, density, friction angle, and cohesion. In order to
obtain these material properties, we made the rock samples taken in the field into standard
specimens and carried out unit axial compression and triaxial tests. The mechanical
properties of diabase are taken from the high brittle diabase of the coal seam floor of the
Datai coal mine, as shown in Table 2. Among them, E is the Young’s modulus of the diabase,
v is the Poisson’s ratio of diabase, c is the cohesion of the diabase, and ¢ is the internal
friction angle.

Table 2. Material properties of diabase in simulation.

Name E (GPa) v c (MPa) () p (g/lem®)
Diabase 25 0.24 10 42 2.83

3.2. Simulation Scheme

First, the initial equilibrium of in-situ stress is calculated, and the displacement and
velocity are cleared after the model is calculated to equilibrium. Regardless of the influences
of the excavation method and support, the roadway of the model is excavated directly at
one time., and the model is calculated until it balances.

Two simulation schemes are set up for the roadway height-width ratio h/w (the
width is constant) and lateral pressure coefficient A. Scheme 1: when the lateral pressure
coefficient is 0.5, the internal friction angle is 42°, and the cohesion is 10 MPa. The simulated
roadway height-width ratio varies between 0.25 and 2.0. Scheme 2: when the roadway
height-width ratio is 1.0, ¢ is 42°, and c is 10 MPa, the simulated lateral pressure coefficient
is 0.1~1.0. The specific study protocol is given in Table 3. During the simulation process,
the data of the y = 30 m area of the roadway sidewall rock mass were monitored to obtain
the horizontal displacement at the middle position of the roadway sidewall, tensile and
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shear plastic zone depth of the sidewall, and the vertical stress change inside the rock mass
of the roadway sidewall.

Table 3. Scheme design of simulation.

Scheme Roadway Height-Width Ratio h/w Lateral Pressure Coefficient A
Scheme 1 0.25,0.50, 0.75, 1.0, 1.25, 1.50, 1.75, 2.00 0.5
Scheme 2 1.0 0.1,0.2,0.3,04,05,0.6,0.7,0.8,09, 1.0

4. Results and Analysis
4.1. Influence of Roadway Height-Width Ratio
4.1.1. Plastic Damage Zone of Roadway Sidewall

The distribution of plastic areas in the rock masses of roadways with various roadway
height-width ratios h/w is illustrated in Figure 7. As shown in the figure, as the h/w ratio
increases, the distribution height and width range of the tensile and shear plastic rock
around the roadway sidewall are increasing. When the h/w is small, the tensile plastic zone
is a circular arc. When the h/w is large, the tensile plastic zone is also arc-shaped, but it is
approximately V-shaped, while the shear plastic zone appears as a circular arc. Importantly,
the increase in the height-width ratio of the roadway results in a more significant change
in the area of the plastic failure zone of the roadway compared to the roof and floor. This
observation highlights the notable impact of the roadway’s height-width ratio on the
stability of the roadway sidewall. Therefore, the rational design of the h/w of a roadway
should be carried out in the design stage, before construction.

(a) (b ©

[T | 1 i i} il il ! I | T
(e) () (8) (h)
Figure 7. Distribution of tensile and shear plastic zones in roadway sidewall under various height-
width ratio i/w (green is tensile and red is shear): (a) i/w = 0.25; (b) h/w = 0.50; (¢) h/w = 0.75;
(d) h/w =1.00; (e) h/w =1.25; (f) h/w = 1.50; (g) h/w = 1.75; (h) h/w = 2.00.

The range of change of the tensile and shear plastic areas of rock masses of different
height-width ratios is illustrated in Figure 8. The width of the tensile and shear plastic
area increases linearly as the roadway’s /1/w becomes larger. Under different roadways’
h/w, especially when the roadway height-width ratio is small, the area of the shear plastic
zone of a roadway rock mass is generally greater than that of the tensile plastic area. For
example, when /i/w = 0.25, the depth of the shear plastic zone is about three times that
of the tensile plastic zone. When h/w = 2.00, the width of the shear plastic area is about
1.45 times that of the tensile plastic area. From the perspective of the forming process of
the plastic area of surrounding rock, a sidewall is damaged first by tensile stress and then
by shear damage, but the final roadway failure is mainly a shear failure.
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A Depth of shear plastic zone
@ Depth of tensile plastic zone
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Figure 8. Scatter of the relationship between /w and the depth of the tensile plastic zone and shear
plastic zone of a roadway sidewall.

4.1.2. Horizontal Displacement of Roadway Sidewall

The relation between the height-width ratio /w of a roadway and the maximum hori-
zontal displacement of the roadway’s sidewall is illustrated in Figure 9. As the roadway’s
height-width ratio #/w increases, the horizontal displacement of the roadway sidewall
increases linearly. For each unit increase in the roadway’s 1/w, the maximum horizontal
displacement of the roadway sidewall increases by about 11.33 mm. For example, when
h/w = 0.25, the deformation of the sidewall is small, only 1.99 mm. When h/w = 2.00, the
deformation of the sidewall increases to 22.21 mm. It can be seen that the effect of the
height-width ratio /w of a roadway on the displacement of the rock mass of the roadway
is obvious. Therefore, we should provide timely and effective support for a roadway with
significant damage and deformation in the field.

25 - ,
v
,®
Id
—_
= g 20 L@
o g 4
£ = »
8 < 4
S 215} o
a 0
7] :‘9 ) 4
5 @ .
—_ > 7
g Cg 10 b o’ 7y=11.33x+0.2952
g3 , R*=0.988
= 8 ,
S P
T3 5h ,
7
7
//.
0 o , ] , ] , ] , ] , ]
0.5 1.0 1.5 2.0 2.5
h/w

Figure 9. Relationship between /w and horizontal displacement of the roadway sidewall.

4.1.3. Vertical Stress of Roadway Sidewall

The vertical stress distribution of various roadway aspect ratios /1/w is depicted in
Figure 10. As the height-width ratio /1/w of a roadway increases, the area affected by the
excavation disturbance gradually expands. Consequently, both the stress release zone and
areas with high stress values expand accordingly. The areas with high vertical stress values
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in the sidewall rock massmoves to the deeper surrounding rock area, ultimately resulting
in two extreme stress points forming within the deeper rock mass area of the roadway.

B s e

-32.0 -30.0 -27.5 -25.0 -22.5 -20.0 -17.5 -15.0 -12.5-10.0 -7.5 -5.0 -2.5 0.0

Figure 10. Vertical stress of sidewall under various height-width ratio &/w (green is tensile and red is
shear): (a) h/w = 0.25; (b) h/w = 0.50; (c¢) h/w = 0.75; (d) h/w = 1.00; (e) h/w = 1.25; (f) h/w = 1.50;
(g) h/w=1.75; (h) h/w = 2.00.

The variation of vertical stresses inside a sidewall with increasing distance from the
boundary of the roadway sidewall is illustrated in Figure 11. Initially, as the distance from
the sidewall boundary increases, the vertical stress escalates swiftly until it reaches a peak.
Subsequently, it undergoes a slight decline before gradually ascending to a second peak,
followed by a gradual decrease and eventual stabilization. When h/w is small, for example,
when /i/w = 0.25, the vertical stress inside the sidewall has only one stress concentration
point. With the increase of h/w to 0.75, two vertical stress concentration points appear
inside the roadway sidewall. As h/w continues to increase from 0.75, the second stress
peak gradually rises, eventually approaching the value of the first stress peak.

The relationship between //w and maximum vertical stress inside of a roadway
sidewall is shown in Figure 12. When /1/w increases from 0.25 to 0.50, the vertical stress
value at the first stress concentration point is rapidly reduced from 41.5 MPa to 33.07
MPa. The vertical stress decreases slowly, and then increases slightly. When k/w = 0.25,
the vertical stress changes to 31.35 MPa. In general, the stress value of the first stress
concentration point inside a roadway sidewall first decreases and then increases as the
height-width ratio 1/w of the roadway rises, showing a secondary polynomial relationship.
As the height-width ratio & /w of the roadway rises, the stress concentration point moves
progressively deeper into the surrounding rock. When h/w was increased from 0.25 to
2.00, several notable changes occurred. First, the distance between the stress concentration
position and the roadway sidewall increased from 0.5 m to 3.27 m. The distance between
the maximum stress concentration point and boundary of the sidewall rock mass and
the aspect ratio h/w of the roadway increase linearly. Additionally, the stress value at
the second stress concentration point showed an increase with the rising roadway’s h/w,
exhibiting a quadratic polynomial relationship. Furthermore, as the h/w ratio increased,
the stress concentration position shifted gradually deeper into the rock mass. Specifically,
when the h/w ratio was increased from 0.25 to 2.00, the distance between the vertical stress
concentration position and the roadway sidewall extended from 0.75 m to 6.25 m. The
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stress concentration position has a linear growth relationship with the roadway sidewall
distance and the roadway height-width ratio h/w.

—=— H/W=0.25
—— H/W=10.50

401 e HW=0.79
ll —— H/W =1.00
Ii H/W =125
30 || 8 H/W =1.50

- HW =175
e HW=2.00

20 |

| |
10 I

0 1‘: 1 1 1 1 1 1 1 1 1
0 2 4 6 § 10 12 14 16 18 20

Vertical stress inside sidewall of roadway (MPa)

Distance from boundary of sidewall (m)

Figure 11. Vertical stress monitoring curves inside the sidewall of the roadway under different ii/w.
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Figure 12. Relationship between I/w and maximum vertical stress inside of the roadway side-
wall: (a) First stress peak point inside of roadway sidewall; (b) Second stress peak point inside of
roadway sidewall.

4.2. Influence of Lateral Pressure Coefficient
4.2.1. Plastic Damage Zone of Roadway Sidewall

Figure 13 illustrates the distribution of the tensile shear plastic area in the rock mass
of a sidewall under varying A values. As the A increases, the extent of the tensile plastic
zone at the roof and floor of the roadway initially decreases before eventually increasing.
The shape of the failure zone in the surrounding rock transitions from an X shape to a
V shape, with the failure zone of the roadway side consistently displaying a substantial
range. Furthermore, the increase in A results in noticeable changes in the plastic failure
area of the roof, floor, and roadway sidewall. This underscores the significant role of
the A in influencing roadway stability. Therefore, it is crucial to conduct ground stress
measurements and estimations during the roadway support design phase to implement
effective support measures.

The range of tensile and shear plastic areas in the middle of rock mass varies with A
value is illustrated in Figure 14. With the rise of A value, the range of the tensile plastic
area in a roadway sidewall’s surrounding rock first decreases and then basically remains
unchanged. The A value has a quadratic polynomial relationship with the depth of the
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tensile plastic area. With the rise of the A value, the range of the shear plastic area of the
surrounding rock of the sidewall first increases and then decreases. When A increases from
0.1 to 0.3, the range of the shear plastic zone increases from 2.0 m to 2.75 m (maximum).
When A increases from 0.3 to 1.0, the depth of the shear plastic region decreases to 1.5 m.

Figure 13. Distribution of tensile and shear plastic zones in the roadway sidewall under different
lateral pressure coefficients A (green is tensile and red is shear): (a) A =0.1; (b) A =0.2; (c) A = 0.3;
(d)A=04;(e)A=05(f) A1 =0.6;(g) A =07, (h) A =0.8; (i) A =0.9; (j) A = 1.0.

A Depth of shear plastic zone

3.0 @ Depth of tensile plastic zone
A
T 25t y=-1.8939x*+1.0833x+2.1333
gg - - A~~~ -A _ARS07377
.§§2.o- A A
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2L 15 e A A
g g h “e.. >
< R :
S5 10r ¢ e e 0 o .00
a2 y=1.33x>-1.84x+1.575
o 2_
S osk R?=0.8241
H
0.0 " 1 L 1 L 1 L 1 L 1
0.2 0.4 0.6 0.8 1.0

Figure 14. Scatter of the relationship between the A and the depth of tensile plastic zone and shear
zone of the roadway sidewall.
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4.2.2. Horizontal Displacement of the Roadway Sidewall

The horizontal displacement distribution of a rock mass varies with the A value,
as illustrated in Figure 15. As the A value increases, the horizontal displacement of the
sidewall of a roadway first decreases and then rises. With a A value of 0.1, the corresponding
horizontal displacement of a roadway sidewall reaches the value of 22.15 mm. When the A
value rises to 0.3, the horizontal displacement of a roadway sidewall is reduced to 12.66 mm.
When the A value increases to 0.5, the horizontal displacement of the roadway sidewall
fluctuates up and down to 12.98 mm. The horizontal displacement increases as the A value
continues to increase from 0.5. When the A value rises to 1.0, the horizontal displacement of
the roadway sidewall rises to 19.57 mm. In general, the horizontal displacement and lateral
pressure coefficient of the roadway sidewall show a quadratic polynomial relationship.
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Figure 15. Relationship between A and horizontal displacement of the roadway sidewall.

4.2.3. Vertical Stress of Roadway Sidewall

Figure 16 shows the vertical stress distribution of the rock mass of a sidewall under
various A values. With the rise of the A value of the roadway, the vertical stress concentration
range of the rock mass of the roadway sidewall is close to the roadway side, and the stress
concentration in the roadway side is higher than that of other parts. Areas with high
vertical stress values near the roof and floor and the roadway side also gradually shift into
the shallow surrounding rock with the rise of lateral pressure.

Under varying A values, with the rise of the distance from the boundary of the roadway
sidewall, the evolution pattern of vertical stress inside a roadway is illustrated in Figure 17.
Taking the A value equal to 0.5 as an example, vertical stress at the roof of the roadway
at 3 m away from the roadway sidewall reaches 26.16 MPa. The internal vertical stress
equals 33.39 MPa at 1.75 m from the boundary of sidewall. When 3.25 m from the roadway
sidewall, vertical stress reaches the second peak of 30.7 MPa.

The relationship between the A value and the internal stress distribution of a sidewall
rock mass is shown in Figure 18. The stress value at the first stress concentration point in
the rock mass decreases with the rise of A value. The position of the stress concentration
point gradually shifts to the roadway sidewall with the rise of the A value. The stress value
of the second stress concentration first increases and then decreases with the rise of the A
value. For instance, at a A value of 0.2, the vertical stress measures 27.01 MPa. Subsequently,
as the A value escalates from 0.2 to 0.5, the vertical stress ascends to 30.7 MPa. However,
with a further increase in the A value from 0.5 to 1.0, the vertical stress gradually declines
to 29.3 MPa. In general, the distance between the stress concentration position and the
roadway’s side decreases slowly and linearly with the augmentation of the A value.
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Figure 16. Vertical stress distribution in the roadway sidewall under different lateral pressure
coefficient A (green is tensile and red is shear): (a) A =0.1; (b) A =0.2; () A =0.3; (d) A =0.4; (e) A = 0.5;
(HHA=0.6;(8) A =07, (h) A =0.8; (i) A =0.9; (j) A = 1.0.
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Figure 17. Vertical stress monitoring curves inside the sidewall of the roadway under different A.
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Figure 18. Relationship between A and maximum vertical stress inside of the roadway sidewall:

(a) First stress peak point inside of roadway sidewall; (b) Second stress peak point inside of sidewall.

5. Conclusions

In this paper, the effects of the roadway height-width ratio and lateral pressure co-

efficient on the plastic damage zones, horizontal displacements, and stress changes in
the roadway sidewalls were investigated. The purpose was to study the brittle damage
mechanisms of highly stressed roadway sidewalls. The following conclusions were drawn.

@

@)

®G)

The rock surrounding the roadway of the Datai coal mine is under high in-situ stress,
and the diabase is dense and brittle. The roadway sidewall damage mostly occurs
in the upper middle or middle-lower part, mainly as shear failures, forming a large
falling block fissure with a wide range, and finally forming a V-shaped failure zone.

When the height-width ratio of the roadway increases from 0.25 to 2.00, the tensile and
shear plastic zones of the roadway sidewall gradually expand. The tensile plasticity
damage zone is V-shaped, and the shear plasticity damage zone is circular. In addition,
the shear plastic damage zone is larger than the tensile plastic damage zone. The
vertical stress in the roadway sidewall experiences two peaks. The stress decreased
slightly between the peaks, and then gradually decreased and stabilized. It was
found that the horizontal displacement of the roadway sidewall increased linearly.
With the rise of the roadway height-width ratio h/w, the values of the two peaks get
closer and closer. The stress at the two stress concentration points increases and then
decreases, and the stress concentration location is gradually shifted to a deeper part
of the roadway sidewall.

As the A value increases from 0.1 to 1.0, the tensile plastic damage area of the roadway
sidewall first decreases and then remains unchanged, and the shear plastic damage
zone first increases and then decreases. The horizontal displacement of the roadway
sidewall shows a trend of decreasing and then increasing. The vertical stress within
the roadway sidewall increases at the first peak point, then decreases slightly, and then
continues to increase to the second peak point. The stress value decreases linearly
at the first stress concentration point and tends to increase and then decrease at
the second stress concentration point. Then it gradually decreases and stabilizes.
The stress value decreases linearly at the first stress concentration point and tends
to increase and then decrease at the second stress concentration point. It is worth
noting that these two stress concentration locations are shifted to the boundary of the
roadway sidewall.
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