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Based on the research background of large section roadway with top coal (LSRTC) in thick coal seammining inWangzhuang Coal
Mine, Shanxi Province, China, catastrophe characteristics of the surrounding rock of the LSRTC were investigated and sum-
marized. Based on the principle of damage mechanics, the critical size discriminant of the LSRTC was deduced, and the induction
mechanism of section size effect and tectonic stress effect on the roadway surrounding rock disaster was revealed. Accordingly, the
roadway surrounding rock control principle with the basic idea of “stabilizing and controlling top coal, reconstructing the coal
wall, and limiting floor heave” was put forward, and the roadway surrounding rock stability control countermeasures with the core
technology of “strong pressure support for roof + grouting reinforcement for two sides + bolt barrier for floor angle” were
developed, which solved the surrounding rock control problem of the LSRTC under the action of tectonic stress and provided a
useful reference for the difficult problem of roadway surrounding rock control under similar conditions.

1. Introduction

Energy and resource security is an important strategic factor
to ensure national economic development and social sta-
bility [1, 2]. In recent years, China’s coal production has
developed in the direction of intensive and efficient, and the
focus of coal mining has gradually shifted to theWest. By the
end of 2020, the coal output in the West has reached 2.33
billion tons, accounting for 59.7% of the country. -ick coal
seam is a typical occurrence feature of coal resources in
Western China. Large mining height comprehensive
mechanized mining leads to roof suspension and collapse of
the working face, which makes the problems of strong
ground pressure appearance and surrounding rock control
very prominent, and seriously affects the safety production
of the mine [3, 4]. At the same time, with the large-scale
equipment of comprehensive mechanized mining face and
the significant improvement of mining intensity and output,
the roadway section is required to be larger and larger to

ensure normal transportation and ventilation for pedes-
trians. When the large section roadway of the thick coal
seam is excavated along the floor, the top coal is left above.
-is kind of roadway is called large section roadway with top
coal (LSRTC). At present, the width of the mining roadway
in some large mines has reached 6.0m, and the cross-sec-
tional area has reached 25m2; the open cut span is more than
10m, and the cross-sectional area is more than 50m2. In the
field engineering practice, the stress state of the surrounding
rock of the LSRTC is deteriorated, and the difficulty of
control is significantly increased.

-ere are two characteristics of large section roadway.
First, the roadway span is large, the roof is easy to bend and
sink, and the surrounding rock control technology is more
difficult; secondly, the roof strength of thick seam roadway is
weaker than that of rock roadway. When affected by en-
gineering disturbances such as excavation and mining, a
large number of cracks are easy to form in the coal body, and
the roof stability is greatly weakened. At present, the
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research on the surrounding rock catastrophe mechanism
and control technology of the LSRTC suitable for large
mining height comprehensive mechanized mining is still in
the development stage. Roof falling, wall caving, and floor
heave accidents occur from time to time, which is the key
problem restricting the popularization and application of
this technology. To solve the above problems, scholars have
carried out many useful attempts, and many research results
have been achieved. -e combined support theory is put
forward. -e core idea of the theory is as follows: the sur-
rounding rock control of large section roadway should be
fully combined with the actual geological conditions of the
mine, abandon the concept of only improving the support
stiffness, realize the combination of rigid and flexible,
flexible and stable support, make full use of the bearing
capacity of surrounding rock, and maximize the integrity
and stability of roadway surrounding rock. Large section
roadway support has been developed from simple bolt
support to combined support. Combined support technol-
ogies such as bolt shotcrete mesh support and bolt cable-
+ grouting have been successfully applied in various mine
engineering practices, which have advantageously promoted
the development of roadway excavation technology and
support technology [5–15]. However, due to the differences
in coal storage and production technical conditions, for the
support problem of large section roadway under specific
geological conditions, it is mainly determined by field
monitoring, theoretical analysis, and numerical simulation,
which has not formed a unified understanding; there are still
the following problems to be solved: (1) the critical size
definition of the LSRTC; (2) the boundary of the LSRTC
tension and shear failure and the difference in small section
roadway; (3) the catastrophic mechanism of slope and roof
fall accidents of the LSRTC caused by the change of roadway
size and surrounding rock stress environment; (4) general
adaptability of the above problems to be studied under
different geological conditions. -erefore, aiming at the
above problems, the research methods of restriction in-
vestigation, theoretical calculation, numerical simulation,
and industrial test were adopted comprehensively. Firstly,
the engineering site was investigated, the geological con-
ditions and surrounding rock properties of the LSRTC in
Wangzhuang Coal Mine, Shanxi Province, China, were
collected, and the catastrophe characteristics of the sur-
rounding rock are summarized and analyzed; secondly, the
critical size discriminant of the LSRTC was deduced and
determined; thirdly, the section size effect and tectonic stress
effect were put forward, the surrounding rock catastrophe
mechanism of the LSRTC was revealed, and the targeted
control countermeasures and technologies were developed;
finally, an industrial test was carried out to analyze the
control effect of the LSRTC surrounding rock.

2. Catastrophe Characteristics and Critical Size
Definition of the LSRTC

2.1. Catastrophe Characteristics of the LSRTC. -e stress
redistribution of surrounding rock caused by roadway ex-
cavation leads to surrounding rock deformation. -e failure

forms of roadway surrounding rock are diverse, and the
failure mechanism is different in different parts and de-
formation stages of the surrounding rock. For the LSRTC,
due to the large span, the small strength of surrounding rock,
the deformation, and fracture range are large. -rough field
investigation, the general characteristics of surrounding rock
disaster of the LSRTC are summarized.

(1) Roof subsidence and layer separation are large. -e
roof of the LSRTC is a composite roof with coal and
rock, which is easy to shear failure under the action
of concentrated stress caused by excavation. Each
layer moves horizontally along the failure structural
plane and produces a longitudinal bending dis-
placement at the same time. -e separation amount
of each layer of the composite roof with coal and rock
is directly proportional to the fourth power of the
roadway width and is the largest in the middle of the
roadway roof [16].-erefore, for the LSRTC, the roof
separation and subsidence increase sharply, and the
damage degree of surrounding rock increases
significantly.

(2) -e failure of roadway surrounding rock is acci-
dental. In the geological structure area, such as small
faults, intersections, fracture zone, joint fissure de-
velopment, or coal seam spacing becoming smaller,
due to the large span and composite roof instability,
the roadway roof fall is sudden, and the roof fall
range is large. -e width of roof fall is generally less
than the roadway width, and the height of roof fall is
generally 1–3 times of the roadway height [17]. In
this process, serious wall caving accidents often
occur.

(3) -e floor heavy is strong. Because the focus of
roadway support is on the roof and two sides, and the
floor treatment is often regarded, the roadway is
prone to extrusion fluidity and floor heave under the
action of structural and mining stress. For the
LSRTC, the amount of floor heave will increase
sharply, and the workload of floor heave treatment is
large, and the effect is poor.

In addition, due to the influence of weathering and
hydration on the surrounding rock, the roadway will also
produce other deformation and failure forms. Due to the
large section area of the LSRTC, the deformation and failure
degree of the surrounding rock are more serious.

2.2. Critical Size Definition of the LSRTC. According to the
disaster characteristics of the LSRTC, the roadway roof is
easy to separate, and the damage is the most serious in the
middle of the roof.When the damage depth of the composite
roof exceeds the range of the anchorage zone, the integrity of
the anchor is damaged, the bearing body is transformed into
a load body, and the support structure bears a large tensile
force. -erefore, the entry of the bolt anchor end in the
middle roof into the tensile failure zone is taken as the
critical size determination basis to determine whether the
roadway can be called large section roadway.
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After roadway excavation, the surrounding rock is
damaged to varying degrees under the combined action of
self-weight and tectonic stress. -e stress distribution
characteristics of the two sides of the roadway are shown in
Figure 1. Under the action of self-weight stress, the shallow
surrounding rock of the two sides deforms and breaks and
gradually loses its bearing capacity. Previous research results
show that the roadway surrounding rock is divided into
elastic zone and plastic zone with the position of peak stress
as the dividing line [18, 19]. -erefore, the boundary line of
the elastic-plastic zone is taken as the two fixed ends of the
damaged rock beam of the roof. At the same time, for the
convenience of calculation, the variation curve of the bearing
capacity of the coal in the plastic zone is simplified into a
linear relationship.

Taking the peak stress position of the two sides of the
roadway as the fixed support end of the damaged rock beam
of the roof, the mechanical model of the roadway roof is
established, as shown in Figure 2. Among them, the
thickness of the damaged rock beam of the roadway roof is h.
Because the damaged rock beam is symmetrical about the
roadway axis, the stress conditions of the two fixed support
ends are the same. -e bending moment is M, the vertical
force is Fy, the roadway width is a, and the height is b. Under
the load q of the overlying strata, the subsidence in the
middle of the roadway roof is h·d. Release any fixed end and
replace it with redundant constraints. At this fixed end, the
y-direction displacement caused by the bending moment M
is ωM, the y-direction displacement caused by force Fy is ω1,
the y-direction displacement caused by the uniformly dis-
tributed load q is ω2, the y-direction displacement caused by
the linear load t in the left side plastic zone is ω3, and the y-
direction displacement caused by linear load t in the right
side plastic zone is ω4. Since the displacement of the fixed
end in the y-direction is zero, the deformation coordination
equation is obtained, as shown in the following equation:

wM + w1 + w2 + w3 + w4 � 0. (1)

According to the force and moment balance equations
and boundary conditions, the y-direction displacement of
the fixed support end of the damaged rock beam under
various constraints can be obtained through the differential
equation of the straight beam section:

wM � −
Ml

2

2EIn

w1 �
Fyl

3

3EIn

w2 � −
ql

4

8EIn

w3 �
3tl

4

40EIn

+
tal

3

24EIn

w4 �
ta

3
l

6EIn

+
11ta

2
l
2

12EIn

+
5tal

3

3EIn

+
121

120EIn

tl
4

⎫⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎬

⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎭

, (2)

where In is the moment of inertia on the neutral axis.

Substituting equation (2) into equation (1), the bending
momentM at the fixed end of the damaged rock beam can be
obtained from the deformation coordination equation:
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After the roof rock beam is damaged, its bearing capacity
decreases. -e effective normal stress at any point in the roof
damaged rock beam is shown in the following formula:

σ �
σ

1 − D
, (4)

where σ is the effective normal stress; D is the damage
parameter; and σ is the normal stress of the roof rock beam
without damage, where
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where x is the horizontal distance between any point and the
coordinate origin; y is the distance between any point and
the neutral axis.

-e entry of the anchor end of the bolt in the middle of
the roadway roof into the tensile failure zone is used as the
critical size determination basis of the large section roadway.
-e discriminant is shown in the following formula:

σx�l+a/2,y�h/2−l0
≤ σt(1 − D). (6)

Substituting the relation x� l+ a/2, y� h/2− l0 into
equation (3), the following can be obtained from discrim-
inant (6):
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According to continuum damage mechanics, the road-
way damage parameter D can be defined as the ratio of
damage area S to the total area S0 of the undamagedmaterial.
Assuming that the roadway surrounding rock is divided into
several micro elements with different defects, the one-di-
mensional strength of micro elements conforms to Weibull
statistical distribution, and the micro element failure con-
forms to Mises yield criterion, then

D �
S

S0
� 1 − exp− ε1− σ3/2E( )/ε0( )

m

, (8)

where ε1 is the main strain of the roadway roof;m, ε0 are the
Weibull distribution parameters, σ3 is the confining pres-
sure; E is the elastic modulus of rock mass.
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Because σ3< a< 2E, equation (8) can be simplified:

D � 1 − exp− ε1/ε0( )
m

,

ε1 �
hd

h
.

⎧⎪⎪⎪⎪⎨

⎪⎪⎪⎪⎩

(9)

-e constitutive relationship between the vertical stress
σ1 and the principal strain ε2 of the two sides is shown in the
following equation:

σ1 �
1
2
σ3 + Eε2. (10)

-e relationship between the vertical displacement z of
the two sides and the distance x from the surface of the two
sides is shown in the following equation:

z � cx
d

+ z0 − cls
d
, (11)

where LS is the distance from the coal wall surface to the
original rock stress zone; z0 is the vertical displacement
under the original rock stress state; c, d are pending
parameters.

-e axial strain of two sides of the roadway is shown in
the following formula:

ε2 �
z

b
. (12)

-e relationship between roadway axial strain and
confining pressure is shown in the following formula:

ε2 � re
− sσ3 . (13)

-e confining pressure on the surface of the two sides of
the roadway is 0, and the confining pressure in the original
rock stress area is restored to σ0, and combine equations
(10)–(12), and substitute the above conditions into equation
(13) to obtain the following equation:
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Figure 1: -e vertical stress distribution of roadway sides.

 

l la

hd

tt

q

h
MM

Fy Fy

b

o x

y

Figure 2: Mechanical model of roadway roof.
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Replace equation (14) with equation (13) to obtain r and
s. -e relationship between axial strain and confining
pressure is shown in equation (15), where x≤ ls.
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Substitute equation (15) into equation (10) to obtain the
stress distribution of two sides of the roadway:
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From the stress distribution curve, the magnitude and
position of the peak stress of the two sides can be solved, and
the fixed support end of the damaged rock beam of the
roadway roof can be determined l.

2.3. Case Study. -e average buried depth of working face
7105 in Wangzhuang Coal Mine is 450m, the uniformly
distributed load q of overlying strata is 10MPa, the average
thickness of mining coal seam is 6.3m, the elastic model E is
1.0 GPA, and the average horizontal lateral pressure coef-
ficient α is 1.3. -e thickness of the top coal and mudstone is
14.75m, the roadway height is 4.5m, and the average tensile
strength σt is 2.0MPa, the vertical displacement z0 of the two
sides of coal under the original rock stress state is 0.02m, the
width of the elastic-plastic zone of the two sides is 6.0m, and
the Weibull distribution parameters m, ε0 are 2 and 0.05,
respectively. -e parameters c and d of the vertical dis-
placement change curve of the two sides are determined by
indoor experiments to be 0.015 and 2, respectively. A group
of fractures are developed in the coal seam, with a certain
included angle with the roadway, and the fracture spacing is
1.2m.

Substitute the above parameters into equation (16) to
obtain the vertical stress change curve of the roadway wall, as
shown in Figure 3. It can be seen from Figure 3 that the peak
stress of the coal wall is 24.5MPa, the distance between the
peak stress position and the coal wall surface is 5.0m, the
coal body on the roadway surface loses its bearing capacity,
and the vertical stress is only 2.8 vMPa. -e vertical stress of
the surrounding rock within 3.0m from the coal wall surface
is lower than the original rock stress, and the roadway wall is
damaged by different degrees.

-e influence of top coal thickness and strength on the
coal wall stress distribution is shown in Figure 4. It can be
seen from Figure 4 that, with the increase of the thickness of
top coal, the peak value of coal wall stress continues to
increase, and the position of peak stress continues to expand
to the deep. -e change of top coal strength has little effect
on the position of the stress peak but has a great effect on the
stress peak.

-e effective anchorage length l0 of the bolt is 2.1m, and
by substituting the above parameters into equation (7), it is
4.5m. -erefore, when the roadway width is greater than
4.5m, tensile failure occurs outside the roadway roof

anchorage zone, and it is difficult to maintain the sur-
rounding rock. At this time, the roadway is called large
section roadway. -e definition of the LSRTC is the premise
of carrying out the research on this kind of roadway, which
provides an important basis for surrounding rock control of
this kind of roadway.

3. Section Size Effect on Surrounding Rock
Disaster of the LSRTC

By studying the influence law of different roadway width and
height on the stability of roadway surrounding rock, the
mechanism of surrounding rock catastrophe induced by
section size effect is revealed. FLAC3D software is used for
numerical simulation. According to the geological report
and borehole histogram provided by the project site, the
thinner rock strata are combined, and the boundary effect is
taken into account. Model size length×wide× height�

50m× 20m× 50m, which is divided into 117000 units and
124440 nodes in total. -e bottom of the model is fixed, and
the four sides restrict the horizontal movement. -e self-
weight of the overburden is 10MPa on the upper boundary,
and the horizontal lateral pressure coefficient is 1.3. -e
Mohr–Coulomb yield criterion is used to judge the failure of
rock mass. -e transport roadway of working face 7105 is
excavated along the coal seam floor, and the top coal with the
thickness of 1.8m is reserved. -e mechanical parameters of
rock mass are shown in Table 1.

3.1. Action Mechanism of Roadway Width on Surrounding
Rock Catastrophe

3.1.1. Influence of Roadway Width on Surrounding Rock
Deformation. To study the influence of roadway width on
the surrounding rock stability, the fixed roadway height is
4.5m, and seven calculation models with roadway width of
3.5m, 4.0m, 4.5m, 5.0m, 5.5m, 6.0m, and 6.5m are
established, respectively. Under the conditions of different
roadway widths, the surface deformation law of roadway
surrounding rock is shown in Figure 5. It can be seen from
Figure 5 that when the roadway width is 3.5m, the roof
subsidence and the two sides displacement are bigger, and
the floor heave is small. With the increase of roadway width,
the increase of roof subsidence increases. Especially, when
the roadway width is greater than 4.5m, the increase begins
to increase sharply. -e two sides and floor are less affected
by the roadway width, and the increase remains relatively
stable.

-e influence of roadway width on the internal defor-
mation of surrounding rock is shown in Figure 6. It can be
seen from Figure 6 that the roadway width has a great impact
on the roof and floor, and a small impact on the two sides.
-e influence of roadway width on the internal deformation
of surrounding rock decreases with the increase of depth.
-is trend is particularly obvious in the shallow part of the
surrounding rock. -e deformation of the surrounding rock
within 3.0m of the roadway surface accounts for 80% of the
total deformation.
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3.1.2. Influence of Roadway Width on Plastic Zone Distri-
bution of Surrounding Rock. -e distribution characteristics
of the surrounding rock plastic zone under different road-
way widths are shown in Figure 7, and the statistical data of
roadway roof tensile failure depth and area are shown in
Figure 8. It is defined as follows: the stretch width ratio is the
ratio of tensile failure width to roadway width. -e stretch
depth ratio is the ratio of tensile failure depth to total failure
depth; the stretch area ratio is the ratio of tensile failure area
to total failure area.

It can be seen from Figures 7 and 8 that there is an
influence law of roadway width on the plastic distribution of
surrounding rock:

(1) Tensile failure occurs in the roof and floor of the
roadway and the middle of the two sides, and the
shoulder angle of the roadway is mainly shear and
tensile failure. -e roadway width has a great in-
fluence on the distribution of the plastic zone of the
surrounding rock. -ere is an inflection point at
4.5m, and the expansion speed of the plastic zone
before and after the inflection point increases
significantly.

(2) -e roadway width has a great influence on the
tensile failure degree of roof. With the increase of
roadway width, the tensile failure width, depth, and
area of the roof continue to increase, and the roof
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stretch width ratio, the stretch depth ratio, and
stretch area ratio also increase rapidly. -e roadway
width is more than 5.0m, the tensile failure depth of
the roof has exceeded the anchorage length of the
bolt, and the stability of the roof has decreased
sharply. -e increase of roadway width changes the
roof failure mode. -e roof failure of small section
roadway is mainly shear failure, and the roof failure
of large section roadway is mainly tensile failure.

3.1.3. Influence of Roadway Width on Surrounding Rock
Stress. -e variation law of vertical and horizontal stress of
roadway surrounding rock is shown in Figure 9. It can be
seen from Figure 9 that the vertical stress of the roadway
surrounding rock has the following variation rules:

It can be seen from Figure 9 that the horizontal stress of the
roadway surrounding rock has the following variation rules:

①-ere are two peaks in the horizontal stress of the
roadway roof and floor. -e horizontal stress changes a little
within 2.0m from the roadway surrounding the rock sur-
face, increases greatly outside 2.0m, reaches the first peak at
4.0m, then decreases slightly, then continues to rise, reaches

the second peak at 6.0m, and finally decreases slowly and
tends to be stable; ② the increase the range of horizontal
stress in the two sides is slow first, then fast, and finally tends
to be flat, and the change trend presents the characteristics of
“inverse Z-shape”;③ roadway width has great influence on
the horizontal stress of roof and floor, and roadway width
has little influence on the horizontal stress of two sides.

3.2. Action Mechanism of Roadway Height on Surrounding
Rock Catastrophe. To analyze the influence of roadway
height on the surrounding rock stability, first fix the roadway
width of 5.0m, and then establish 7 calculation schemes with
roadway height of 2.5m, 3.0m, 3.5m, 4.0m, 4.5m, 5.0m,
and 5.5m, respectively. -e analysis method of the action
mechanism of roadway height on surrounding rock disaster
is consistent with that of roadway width on surrounding
rock disaster. Considering the space limitation of the article,
this section only describes the conclusions and will not be
displayed in graphics.

3.2.1. Influence of Roadway Height on Surrounding Rock
Deformation. -e roof subsidence and two-side displace-
ment are greatly affected by the roadway height, and the
floor heave is less affected by the roadway width; the in-
fluence of roadway height on the deep deformation of the
surrounding rock gradually decreases with the increase of
the distance from the roadway surface, and this decreasing
trend is particularly significant within 3.0m from the
roadway surface, accounting for 80% of the total defor-
mation of surrounding rock.

-e influence of roadway height on the distribution of
plastic zone of surrounding rock:① tensile failure is mainly
found in the roof and floor of roadway and the middle of the
two sides, and shear and tensile shear failure are mainly
found in the shoulder angle of the roadway;② the roadway
height has a great influence on the distribution of sur-
rounding rock plastic zone, and a sudden change occurs at
4.5m. When it is less than 4.5m, the range of surrounding
rock plastic zone increases slowly, and when it is greater than
4.5m, the range of surrounding rock plastic zone increases
rapidly; ③ with the increase of roadway height, the tensile
failure height, depth, and area of two sides gradually in-
crease, but the growth rate of stretch depth ratio and stretch
area ratio of two sides is slow; ④ with the increase of

Table 1: Mechanical parameters of rock mass.

Lithology Elastic modulus
(GPa)

Poisson’s
ratio

Friction angle
(°)

Cohesive force
(MPa)

Tensile strength
(MPa)

-ickness
(m)

Overlying strata 3.1 0.32 25.0 22.0 2.8 10.00
Fine sandstone 3.2 0.24 26.7 20.0 4.8 4.50
Mudstone 1.9 0.28 18.0 3.2 2.0 10.75
Mudstone and sandy
mudstone 1.9 0.28 18.8 3.6 2.6 2.20

Coal 1.0 0.30 17.0 2.0 1.2 6.30
Mudstone 1.9 0.28 18.0 3.2 2.0 4.25
Fine sandstone 3.2 0.24 26.7 20.0 4.8 2.00
Overburden strata 3.5 0.22 24.5 18.5 3.6 10.00
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Figure 5: Influence of roadway width on surface deformation of
surrounding rock.
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roadway height, the failure form of two sides changes. When
the roadway height is less than 3.0m, it is mainly shear or
tension shear failure, and when the roadway height is greater
than 3m, it is mainly tensile failure.

3.2.2. Influence of Roadway Height on Surrounding Rock
Stress. Variation law of vertical stress of roadway

surrounding rock:① the vertical stress of surrounding rock
within 2.0m from the roadway surface is less than 1.0MPa.
With the distance being away from the roadway surrounding
rock surface, the vertical stress gradually increases, and the
increasing range of shallow surrounding rock is large, and
the increase range of deep surrounding rock is small;② the
roadway height has a great influence on the vertical stress of
the two sides. -e greater the roadway height, the more
significant the reduction of the stress of the shallow sur-
rounding rock of the two sides;③with the distance from the
two sides of the roadway, the vertical stress first increases
sharply to the peak value and then tends to be stable.

Variation law of horizontal stress of roadway sur-
rounding rock:① the horizontal stress of surrounding rock
within 2.0m from the roadway surface is less than 3.0MPa.
-e horizontal stress outside 2.0m from the roadway surface
first increases rapidly to the stress peak, then decreases
slightly, then continues to rise to the second peak, then
decreases slowly, and tends to be stable; ② for the sur-
rounding rock at the same depth from the roadway surface,
the horizontal stress of the shallow surrounding rock of the
roof and floor is inversely proportional to the roadway
height, the horizontal stress of the deep surrounding rock of
the roof and floor is directly proportional to the roadway
height, and the horizontal stress of the surrounding rock of
the two sides is inversely proportional to the roadway height;
③ the greater the roadway height, the greater the distri-
bution range of surrounding rock in low stress state.
Compared with the roadway width, the influence of roadway
height on the horizontal stress of surrounding rock is more
obvious.

4. Tectonic Stress Effect of Surrounding Rock
Catastrophe in the LSRTC

-e in situ stress test results show that the maximum
principal stress direction of 7105 transportation roadway in
Wangzhuang Coal Mine is close to the horizontal one, and
the measured lateral pressure coefficient is up to 2.32, in-
dicating that the tectonic movement has a significant impact
on the stability of the roadway surrounding rock [20]. Based
on this, a numerical calculation model is established for
research. -e size, boundary conditions, and failure criteria
of the numerical calculation model are the same as those in
Section 3. -e lateral pressure coefficients of horizontal
stress are taken as 1.0, 1.3, 1.6, 1.9, 2.2, and 2.5, respectively.
By studying the influence law of different lateral pressure
coefficients on the stability of roadway surrounding rock, the
mechanism of surrounding rock catastrophe induced by the
tectonic stress effect in LSRTC is revealed. -e roadway
excavation section is rectangular with wide× height�

5.0m× 3.5m and buried depth 400m.

4.1. Deformation Law of Roadway Surrounding Rock.
With the increase of roadway surrounding rock depth, the
ratio of vertical stress to horizontal stress decreases grad-
ually. -e deformation law of the roadway surrounding rock
under different lateral pressure coefficients is shown in
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Figure 6: Influence of roadway width on internal deformation of
surrounding rock.
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Figure 7: Distribution characteristics of plastic zone in surrounding rock of roadway with different width. (a) 3.5m; (b) 4.0m; (c) 4.5m; (d)
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Figure 10. It can be seen from Figure 10 that there is a
deformation law of roadway surrounding rock under the
influence of tectonic stress.

-e vertical displacement of the roadway surrounding
rock began to stabilize at the position 4.9m from the roof
surface and 6.7m from the floor surface. With the increase
of lateral pressure coefficient, the roof subsidence increases
continuously, and the increase range shows a trend from
fast to slow; the displacement of the two sides increases
significantly, and the increase range remains stable; the
increase of pressure borne by the two sides leads to the

increase of floor heave. Tectonic stress has a great influence
on the roadway roof and relatively little on the two sides
and floor.

4.2. Stress Distribution of Roadway Surrounding Rock.
-e stress distribution characteristics of the roadway sur-
rounding rock are shown in Figure 11. It can be seen from
Figure 11 that there are stress distribution characteristics of
roadway surrounding rock under the influence of structural
stress.
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Figure 9: Influence of roadway width on surrounding rock stress. (a) Vertical stress; (b) horizontal stress.
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(1) -e vertical stress of the two sides of the roadway
first increases and then decreases with the distance
away from the roadway surface. -e vertical stress is
less affected by the lateral pressure coefficient, and
the vertical stress curve of the roadway surrounding
rock tends to be consistent under different lateral
pressure coefficients. -e horizontal stress of the two
sides of the roadway increases with the distance away
from the roadway surface, but the change range is
not obvious. -e increase range is large within 3.0m,
and the increase range decreases significantly after
exceeding 3.0m.

(2) -e vertical stress of the roadway roof and floor in-
creases gradually with the distance away from the
roadway surface, but when the lateral pressure coef-
ficient is large, there is a fluctuating trend of “first
increasing and then decreasing.” -e horizontal stress
of the roadway roof and floor increases gradually with
the distance away from the roadway surface, reaches
the peak at 5.0m, and begins to stabilize at 8.0m.

4.3. Distribution of Plastic Zone of Roadway Surrounding
Rock. Under different lateral pressure coefficients, the
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Figure 10: Deformation law of roadway surrounding rock.
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failure forms of roadway surrounding rock aremainly tensile
failure, shear failure, and plastic slip, which is shown in
Figure 12. It can be seen from Figure 12 that, with the
increase of lateral pressure coefficient, the range of sur-
rounding rock plastic zone continues to expand. When
λ< 2.2, the plastic failure depth of roof and floor and two
sides increases rapidly. When λ≥ 2.5, the plastic failure
depth of the roof and floor and two sides is stable, and almost
no longer expands.

5. Control Countermeasures of Surrounding
Rock in the LSRTC

5.1. Control Principle. Taking the transportation roadway
of 7105 working face in Wangzhuang Coal Mine as the
research object, combined with the test results of rock
mechanical properties, and based on the surrounding rock

catastrophe mechanism of the LSRTC induced by section
size effect and tectonic stress effect, we put forward the
surrounding rock control principle of the LSRTC based on
the basic idea of “stabilizing top coal, reconstructing the
coal wall and limiting floor heave.” -e stability control
countermeasures of roadway surrounding rock with the
core technology of “strong support roof + grouting rein-
forcement, two sides + bolt barrier floor corner” are de-
veloped. -e tensile failure degree of the roadway roof
surface is reduced through high-strength and high pre-
stressed anchors to limit the horizontal slip between rock
layers. With the help of the prestressed hollow grouting
bolt, the shear failure resistance of the two sides of weak
coal in the roadway is enhanced, and the control range of
the anchor body is expanded. -e floor corner bolt is used
to block the transfer path of stress and surrounding rock
and control the floor heave [21–25]. -e self-bearing
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Figure 11: Stress distribution of roadway surrounding rock. (a) Sides; (b) roof and floor.
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capacity of the surrounding rock is gradually rebuilt, and
the overall stability of the roadway is ensured. -e specific
control ideas and countermeasures are shown in
Figure 13.

5.2. ImplementationEffect. -rough theoretical calculation
and engineering analogy, the high-strength prestressed
bolt with a diameter of 20mm and length of 2400mm is
selected for the roof of the transportation roadway of 7105
working faces, and the row spacing is 850mm × 900mm,
high-strength prestressed anchor with a diameter of
22mm and length of 8300mm is selected, and the row
spacing is 1500mm × 1800mm. Grouting bolt with a
diameter of 25mm and length of 3000mm is selected for
the two sides, and the row spacing is 800mm × 900mm,
and the grouting material is a micro-nano-prestressed
composite grouting material. -e high-strength pre-
stressed yielding bolt with a diameter of 22mm and length
of 2800mm is selected at the floor corner, and the row
spacing is 900mm. -e roadway support section is shown
in Figure 14.

In the first 10 days after roadway excavation, the
surface displacement increases rapidly, the deformation
speed of the roof and floor is 6.6 mm/d, and the moving
speed of the two sides is 7.8 mm/d. After the rock mass is
disturbed by excavation, the energy contained in itself is
released in a short time, and the bearing capacity of the
surrounding rock is reduced. After the surrounding rock

becomes stable, the deformation speed gradually de-
creases and becomes stable after 30 days. Finally, the
deformation of the roof and floor is 88mm, and the
proximity of the two sides is 96mm. During the mining of
the working face, the support is strengthened with the
help of a single hydraulic prop. -e roadway section can
meet the use requirements, and the overall control effect
of the roadway is good, as shown in Figure 15.

(a) (b) (c)

(d) (e) (f )

Figure 12: Distribution characteristics of plastic zone of roadway surrounding rock. (a) λ� 1.0; (b) λ� 1.3; (c) λ� 1.6; (d) λ� 1.9; (e) λ� 2.2;
(f ) λ� 2.5.
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6. Conclusion

(1) -e catastrophe characteristics of surrounding rock
of the large section roadway in the fault structure
area are summarized. Based on the theory of damage
mechanics, the tensile failure of the anchorage end in
the middle of the roadway roof is proposed as the
discrimination basis of the LSRTC. Taking the
transportation roadway of 7105 working face of
Wangzhuang Coal Mine as an example, an example
study is carried out, which provides an important
basis for the control of the surrounding rock of the
large section roadway.

(2) -e concept of size effect affecting the stability of the
LSRTC is put forward, and the action mechanism of
size effect inducing the LSRTC catastrophe is
revealed: in the size effect, the deformation inflection
point of roadway width factor is 4.5m, and the

failure form of roadway roof is most significantly
affected by the roadway width. -ere is no obvious
inflection point in the deformation effect of roadway
height factor in size effect, but the inflection point of
damage effect of roadway height factor in size effect
is 3.0m.

(3) -e concept of tectonic stress intensity effect af-
fecting the stability of the LSRTC is proposed, and
the action mechanism of tectonic stress intensity
effect inducing surrounding rock catastrophe of the
LSRTC is studied: with the increase of lateral pres-
sure coefficient of horizontal stress, the displacement
of roof and floor increases linearly, and there is an
inflection point between the two sides; that is, the
lateral pressure coefficient of horizontal stress is 1.6.

(4) -e surrounding rock control principle of the
LSRTC based on the basic idea of “stabilizing top
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Figure 15: Deformation of roadway surrounding rock. (a) Roadway excavation; (b) working face mining.
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coal, reconstructing the coal wall and limiting floor
heave” is proposed. -e roadway surrounding rock
stability control countermeasures with the core
technology of “strong support roof + grouting rein-
forcement two sides + bolt barrier floor corner” are
developed. On this basis, the industrial test is suc-
cessfully carried out.
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