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The capabilities of mining equipment and technology in China have been improving rapidly in recent years. Correspondingly, in
the western part of the country, the mining heights of longwall faces in shallow-buried coal seams have shown an increasing trend,
resulting in enhanced mining efficiency. However, the problems associated with the possible failure of the coal wall then increase
and remain a serious difficulty, restricting safe and efficient mining operations. In the present study, the 12401 longwall face of the
Shangwan Coal Mine, Inner Mongolia, China, with a mining height of 8.8 m, is taken as an example to study the mechanisms
underlying failure phenomena of coal walls and their control methods. Our results show that the failure region inward of the
longwall face is small in shallow-buried coal seams, and the damage degree of the exposed coal wall is low. The medium and higher
sections of the coal wall display a dynamic failure mode, while the broken coal blocks, given their initial speed, threaten the safety
of coal miners. A mechanical model was developed, from which the conditions for tensile failure and structural instability are
deduced. Horizontal displacement in the lower part of the coal wall is small, where no tensile stress emerges. On the other hand, in
the intermediate and higher parts of the coal wall, horizontal displacement is relatively large. In addition, tensile stress increases
first with increasing distance from the floor and then decreases to zero. Experiments using physical models representing different
mining heights have been carried out and showed that the horizontal displacement increases from 6 to 12 mm and load-bearing
capacity decreases from 20 to 7.9 kN when the coal wall increases in height from 3 to 9 m. Furthermore, failure depth and failure
height show an increasing trend. It is therefore proposed that a large initial support force, large maximum support force, large
support stiffness, and large support height of a coal wall-protecting guard are required for the improved stability of high coal walls,
which operate well in the Shangwan coal mine.

1. Introduction

There are a large number of thick coal seams in the west of
China with simple geological conditions and shallow burial
depths, which have produced a large coal production base of
100 million tons, as represented by the China Shendong
Energy Company. There are two main mining technologies
for exploiting thick coal seams: large mining height and top
coal caving. The application of top coal caving depends on
the coal seam strength and mining stress, while large mining
height only has stricter requirements in terms of the sup-
porting equipment for the working face [1, 2]. At present,
China has independently developed a large mining height

hydraulic support system with a rated support resistance of
26000kN and a support height of 9m, which has been
successfully applied in the Shendong Shangwan Coal Mine
[3, 4]. The improvements in the standards and capacity of
such supporting equipment make the use of fully mecha-
nized mining technology with large mining heights the first
choice for mining coal seams with thicknesses of less than
9 m. However, with increasing wall height and the resulting
decrease in stability, coal wall slicing has become the main
factor in restricting the production efficiency of such a
working face.

To improve the control of coal wall stability, domestic
and foreign experts and researchers have conducted a large
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number of studies on coal wall failure characteristics, failure
mechanisms, and control methods [5, 6]. Through field
measurements, it has been found that there are several forms
of upper lamping, lower lamping, middle lamping, and
whole lamping on the coal wall of fully mechanized mining
faces with high (>7 m) mining heights, of which the stress
concentration caused by roof subsidence makes the upper
lamping the most common [7, 8]. Through the use of
physical simulation experiments, several factors have been
examined. These include the damage form, the effect of the
dip angle of the coal wall face, the angle of mined-out areas,
uneven backfilling and filling period of three parts, and the
nonuniform distribution of mining stress along the direction
of the working face, which puts forward an extrusion to the
slip and shear slip of two kinds of coal wall damage form
[9-11].

Indoor mechanical experiments have found that the
cohesion of coal increases with increasing water content, and
measures were proposed to increase the stability of the coal
wall by injecting water into the coal seam. This method can
also have the effect of removing dust from the working face
[12-14]. Some experts and researchers believe that in-
creasing burial depth will lead to increased mining-induced
stress levels and that the coal body in front of the working
face will undergo a high degree of plastic flow within a high-
stress environment and will enter the residual deformation
stage. After exposure, a coal body with low bearing capacity
may suffer structural failure under the action of roof
pressure; hence, the plastic flow briquette wall lamping is
proposed [15]. Numerical modeling has been used to sim-
ulate the deformation and failure characteristics of coal
walls, which allowed the characteristics of the distribution of
shear deformation in the concentrated zone of the coal body
in front of the working face to be obtained. It was found that
the shear deformation concentrated zone saw the extended
trace of macroscopic cracks, and the intersection of the shear
deformation concentrated zone and the exposed surface of
the coal wall lead to the occurrence of coal wall lamping
[16, 17]. In the coal wall, failure mechanisms associated with
shear and tensile stresses have been identified, and structural
mechanics models describing these failure mechanisms have
been deduced [18, 19]. It was found that there is a coal wall
before destroying large lateral deformation characteristics;
based on the characteristics of the proposed trip and
grouting flexible coal wall reinforcement technology, es-
tablish a “trip—serious—mechanics” model of coal. The
stability conditions of reinforced coal were obtained, and
optimization studies of the process parameters of flexible
reinforcement have been carried out [20-22].

By analyzing the slab-side conditions of a coal wall
forming an inclined mining face, the stability coefficient of a
coal wall can be defined as the ratio of the ultimate bearing
capacity of the coal wall to the load of the roof, allowing the
influence of the inclined angle of the working face on the
stability of the coal wall to be obtained [23, 24]. The upper
bound theorem is then used to analyze the ultimate bearing
capacity of the coal wall failure as a function of the shear,
tensile, and tension-shear failure. This leads to the concept of
crack initiation angle of coal wall failure, with a formulation
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for determining the crack initiation angle being proposed
[25-27]. In terms of coal wall stability control, grouting
reinforcement of the coal wall has been put forward, and the
required parameters, such as grouting hole length, angle, and
diffusion characteristics of the slurry inserted into the
grouting hole, have been analyzed [28, 29], while examining
the impact of support stiffness on the stability of the coal
wall. This increases the support stiffness, which can provide
timely high-strength hydraulic support for the roof load.
This leads to the roof load acting on the coal wall being
alleviated, from which the selection method of hydraulic
support based on the dual synergistic control of the roof and
coal wall is proposed [30, 31].

Previous research has promoted various ways of con-
trolling coal wall stability for fully mechanized mining faces.
However, with the development of coal resources in the
western province and the technical improvements resulting
from mining equipment research and development, the
height of a single cut along a large mining face keeps rising,
with coal wall instability still being the main factor that
restricts the safe and efficient production for this kind of
working face. Based on the 8.8 m high working face in the
Shangwan coal mine, the authors have analyzed the failure
mechanisms of the mining wall under the condition of
shallow burial and put forward control countermeasures
that have the potential to provide a reference for the ex-
ploitation of thick coal seams with similar geological
characteristics.

2. Failure Characteristics of Coal Walls in
Shallow-Buried and Large-Height Stopes

The 12401 working face of the Shangwan coal mine is the
first mining face of the panel area. The working face length is
300 m, the strike advancing length is 5286 m, and the burial
depth is between 120 and 160 m. It is a near-horizontal coal
seam with the average thickness of the main coal seam at the
working face being 8.8 m, and the compressive strength of
the coal body is 15 MPa. The shearer cutting height is be-
tween 4.3 and 8.6 m, the hydraulic support height is between
4.0 and 8.8 m, the initial support force of the support is
19782KkN, and the working resistance is 26000 kN. The
mining technology employed has been adapted to large
mining heights, and the roof is managed by the caving
method. The roof strata are mainly composed of sandy
mudstone and sandstone with high strength and are rela-
tively hard. Due to the large height of the mining face, the
overburden is highly disturbed, with overburden failure
cracks developing to the surface. In the process of advancing
the working face, both surface opening fractures and step
dislocation fractures develop. Under the condition of high-
intensity mining, failure of the working face occurs fre-
quently, affecting the production efficiency and endangering
the miners.

The initial pressure of the working face is 45 m, and the
pressure duration is 5 m. The initial pressure step distance of
the working face is essentially the same as that of the 8m
working face in the same coal seam in an adjacent mine, and
the average cycle pressure step distance is 12.1 m. When the
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advance speed of the working face is slow, the pressure step
distance is shorter, and when the advancement speed ac-
celerates, the pressure step distance becomes larger. In each
case, there is an obvious boundary between pressure and no
pressure. When there is no pressure, it is generally not more
than 300 bar.

An example of a failure of the coal wall at working face
12401 is shown in Figure 1. The fractures on the coal wall
surface are highly developed, among which horizontal and
longitudinal fractures are the most obvious, but the devel-
opment depth of the fractures is small, and the observed
open fractures are generally less than 0.5 m (Figures 1(a) and
1(b)). The upper part of the coal wall is seriously damaged,
with the coal body losing its bearing capacity; however, it can
remain stable under the action of the guard plate. The coal
body falls off in the process of coal cutting, which influences
production efliciency and safety. The coal shearer cutting
affected zone in the central and upper wall shows dynamic
failure phenomena, where the face direction advances about
20 to 30 m within the scope of the coal shearer advancing ata
higher speed into the coal wall, using a large split ring. Due
to the destruction of the coal, the initial startup speed is high,
leading to significant threats to production safety. To prevent
the broken coal from falling into the internal stent and
harming the production staff, barbed wire is used on the
outside of the support column, as shown in Figure 1(c).

3. Failure Mechanisms of the High Wall of a
Shallow Coal Seam

3.1. Simplified Mechanical Model of Coal Wall. The nature of
the rock structure surrounding an area of high coal wall
mining is shown in Figure 2(a). Immediate roof increases
with the increasing mining risk, main roof can form bal-
anced structure, bearing capacity reduced gangue, the yield
gravity of goaf roof rock transformed the entity in front of
mining face, and the formation of abutment pressure leaded
to the development and destruction of mining-induced
fractures in mining wall, resulting in the formation of
broken zone (gray area in Figure 2) in front of mining face,
and the broken zone was a complete zone (black area in
Figure 2). The maximum buried depth of the mining area is
160m, and the maximum deadweight stress of the over-
burden is about 4 MPa, without considering background
tectonic stresses. According to previous studies [32-35], the
maximum abetment pressure concentration coefficient in
front of the working face can reach 4, from which the peak
abetment pressure is determined to be 16 MPa, which is
equivalent to the uniaxial compressive strength of a coal
body. Therefore, the coal wall failure fracture development
depth of the 12401 working face is low, and the width of the
fracture zone in front of the working face is small. A large
number of measurements furthermore show that the range
of the depth of damaged coal in front of the shallow-buried
working face is between 1 and 3 m [36].

The coal in the fracture zone enters the postpeak soft-
ening stage and shows dilatancy behavior under the loading
of the roof. The coal wall shows obvious transverse defor-
mation in the horizontal direction and needs to absorb

energy during the deformation process. The intact coal
inside the broken zone is in the elastic deformation stage,
and the excavation of the working face causes an unloading
effect in the intact coal, where the horizontal stress decreases,
and the energy is released in the deformation process.

In the process of mining the face, differences arise in
energy conversion between the coal in the intact area and the
coal in the fracture zone, which sees the energy released by
the coal in the intact area being absorbed by the coal in the
fracture zone. To simplify the analysis, the interface between
the crushing zone and the complete zone is regarded as a
stress boundary, where the work done by the stress on the
coal in the crushing zone is the energy released by the coal in
the complete zone. The coal in the crushing area has been
completely unloaded and only bears the extrusion pressure
acting on it at the stress boundary. The higher the degree of
unloading of the coal in the crushing area, the greater the
transverse deformation of the coal, with the extrusion
pressure acting on the coal in the crushing area increasing.
From the floor to the roof, the degree of disturbance of the
coal seam caused by the mining increases, and the degree of
unloading increases. Therefore, the extrusion pressure of the
upper coal body in the fracture zone is greater. For the
convenience of analysis, the boundary stress is simplified as
the linear distributed load g (x), as shown in Figure 2(b). The
boundary between the coal body and the floor is regarded as
a fixed displacement boundary. The interface between the
coal seam and the roof is the stress boundary, bearing the
roof load p and the shear force F. In addition, the coal wall
bears the horizontal support force provided by the support
plate, which increases with the increase in the transverse
deformation of the coal wall. For the convenience of analysis,
the mutual support plate is equivalent to a spring with a
stiffness of k. With the increasing transverse deformation of
the coal body, the support force received by the coal body in
the broken zone increases linearly. Considering the above
simplification, the boundary conditions of the coal body in
the crushing zone are shown in Figure 2(b). Since the
primary mining height of the 12401 working face reaches
8.8 m and the width of the crushing zone is between 1 and
3 m, the coal wall mechanical model is shown in Figure 2(a)
which can be regarded as a beam structure under complex
boundary conditions, and the coal wall failure conditions of
a stope with a large mining height can be determined using
this structural model.

3.2. Tensile Failure Conditions of the Coal Wall. To determine
the failure conditions of the coal wall, the principle of
minimum potential energy is used to find the displacement
and stress of the beam structure shown in Figure 2(b). As a
result of the mining, the total potential energy of the
structural system shown in Figure 2(b) includes the bending
deformation energy of the coal in the broken zone, the elastic
potential energy stored in the mutual support plate, rep-
resented as a spring, and the external force potential energy
generated by the work done by the boundary loads g, p, and
F. Under the condition of the coal wall undergoing large
deformation, its transverse deformation is greater than the
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FIGURE 1: Examples of failure modes along the 12401 working face coal wall. (a) Horizontal crack. (b) Longitudinal crack. (c) Protective
screening.

Main roof

Direct roof

Coal seam

Bottom plate

(a) (b)

FIGURE 2: Mechanical model for a coal wall of a large height. (a) The various components around a section of high-wall coal mining. (b) Coal
wall boundary conditions.

vertical deformation. Therefore, the work done by the roof 1 (" 2 1., h
load P can be ignored. Hence, the total potential energy of U (@) = 3 JO Elw™ dx + Ekw (h) - JO q(x)wdx — Fw (h),
the structure can be obtained using 1
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where U is the total potential energy of the structural system
(J), w is the lateral deformation of the coal wall (m), E is the
elastic modulus of the coal body (GPa), I is the moment of
inertia of coal in the crushing zone (m?), and k is the spring
stiffness (GPa).

According to the principle of minimum potential energy,
the transverse displacement function for coal that minimizes
the total potential energy of the system is its true dis-
placement. Therefore, the first variation fraction of equation
(1) is equal to 0, expressed as

h
8U = J Elw" 80" dx + kw (h)dw (h)
0
h @
- J- q(x)8wdx — Féw (h) = 0.
0

Integrating equation (2) by parts gives us equation (3),
which after again integrating by parts gives equation (4), as
shown in the following:

h h

8U = Elo" 84" - J % (ETw")0w' dx + ke (h)dw (h) - J q(x)dwdx — Fow (k) = 0, (3)
0 0

wonh d AL hd "
0U = Elw" dwl, — o (EIw")ddl, + o (EIw") - q(x) |dwdx + kw (h)dw (h) — Féw (h) = 0. (4)
0
Since the junction of the coal body and the floor in the a 5 20Elak’ + 3kah® — 40EIF ,
crushing zone is a fixed displacement boundary, the dis- W= 50Er

placement and rotation angle at the boundary are equal to 0:

dw|,_q =0,

8w'|,_o = 0.

(5)

Substituting equation (5) into equation (4) leads to
equation (6). Because of the variation in w and w' values of
arbitrariness and EI is always greater than zero, from
equation (6), we can derive equation (7):

U = Elw"8d) - [% (Elw") - kw - F]

" (6)
N Jo(a (Elw") - q(x))awdx =0,
w" =0(x=h),
% (Elw") —kw +F = 0(x = h), 7

2
% (EIw") - q(x) =0(0<0<h),

where for equation (7), the first part is for the fracture zone
on the border with a roof of coal as the boundary condition,
while the second part is for the deformed and fracture zone,
where the fracture zone has a complete area at the junction
of the linear load distribution g (x) = ax. This equation is for
the surface of the fractured zone at maximum compressive
stress, where the deformation differential formula can be
broken down by the area of the deformation curve formula
to give

80EI(3EI + kh3)

(8)
120EIah’ + 7kah® — 360EIFh

24OEI(3EI + kh3)

Equation (8) is the horizontal deformation curve of the
coal body in the crushing zone. Due to the deformation
characteristics of coal in this zone, it is known that tensile
stress must occur in the coal wall. The distribution of tensile
stress in the coal in the crushing area in front of the working
face can then be determined by the following equation:

60EIah’® + 9kah® — 120EIF

- as 3
801(3E1 + kh3)

* =00

SX

9)
120EIah’ + 7kah® — 360EIFh

2401(3E1 + kh3)

S,

where s is the width of the coal wall crushing zone in front of
the working face (m).

If the maximum tensile stress determined by equation
(9) reaches the tensile strength of the coal body, tensile
failure will occur at the coal wall. After the coal wall becomes
unstable, the elastic energy stored in the coal body is rapidly
released, and part of it is converted into the initial kinetic
energy of the broken coal body, resulting in the coal block
gjection phenomenon, demonstrating the influence of
mining height on the stability of the coal wall.

3.3. Buckling and Instability Conditions of the Coal Wall
Structure. With the increase in the stope height, the bending
deformation degree that the coal wall can bear before failure



increases. At the same time, the coal wall may buckle and
become unstable under the action of roof pressure. The
maximum roof load that the coal structure can bear in the
fracture zone can be determined by the following [36]:

m°EE,I
W (VE +E, )2’

where P, is the maximum load (MPa) that can be borne by
a coal body in the crushing zone, E, is the secant modulus
(GPa) at the hardening stage of the coal body, and E and I are
as above. When the roof load on the coal wall reaches the
limit value as determined by equation (10), structural
buckling instability occurs along the coal wall.

Prmax = (10)

4. Influence of Mining Height on the Stability of
the Coal Wall

4.1. Sensitivity Analysis. The elastic modulus of the coal body
of 12401 working face is 2 GPa, the maximum stress value at
the interface between the fracture zone and the intact area is
0.1 MPa, the rigidity of the hydraulic support is 5 GPa, the
mining height is 8.8 m, and the width of the fracture zone is
2m. The horizontal displacement and tensile stress distri-
bution on the exposed face of the coal wall in the vertical
direction can be obtained by substituting the above pa-
rameters into equations (8) and (9) as shown in Figure 3. As
commented above, at the junction of the coal seam and the
floor, the fracture zone is a fixed displacement boundary;
therefore, the horizontal deformation of the coal wall is 0.
The horizontal deformation of the coal body increases slowly
in the area where the coal wall is less than 2 m from the floor
height; hence, the horizontal deformation of the coal wall
will increase gradually with increasing vertical distance from
the floor. At the junction of the coal wall and the roof, the
horizontal deformation of the coal wall has reached 0.3 m,
while at the junction of the coal seam and the floor, the
compressive stress in the coal wall reaches a maximum of
6 MPa. With increasing distance from the floor, the com-
pressive stress in the coal wall gradually decreases. When the
distance between the coal wall and the floor reaches 6 m, the
tensile stress in the coal wall reaches a peak value of about
4 MPa. After the peak point, the tensile stress in the coal wall
decreases with increasing distance from the floor, eventually
reaching 0, as shown in Figure 3.

With increasing mining heights, the transverse defor-
mation of the coal wall shows a nonlinear increase. When the
height of the coal wall increases from 2.2m to 11m, the
maximum horizontal displacement of the coal wall increases
from 0.0003 m to 0.9 m. The maximum tensile stress in the
coal wall also increases nonlinearly with increasing mining
height, where increasing the height of the coal wall from
22m to 11 m sees the maximum tensile stress increasing
from 0.06 MPa to 8.4 MPa. The maximum transverse de-
formation and the maximum tensile stress of the coal wall
under different mining heights are shown in Figure 4. Given
that an increasing mining height sees the deformation and
tensile stress of the coal wall increasing, the probability of
failure and the instability of the coal wall will also increase.
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F1GUre 3: Displacement and stress distribution in the coal wall as a
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F1GURE 4: Influence of the mining height on the displacement and
tensile stress in the coal wall.

4.2. Laboratory Verification. In order to verify the reliability
of this theoretical analysis, physical simulation experiments
of the stability of the coal wall as a function of mining height
were designed. These experiments simulated the influence of
coal wall strength, cutting height, roof load, and support
stiffness on the stability of a coal wall. In this experiment,
four physical models of 3m, 5m, 7m, and 9m are estab-
lished according to a 1:10 similarity ratio, as shown in
Figure 5. During the experiment, the roof pressure was
loaded at the rate of 0.25kN/s. At the same time, a pressure
sensor was used to record the support resistance in real-time.
During the roof loading, the horizontal deformation of the
coal wall was measured at regular intervals using a laser
rangefinder.

The resulting roof pressure and horizontal deformation
of the coal wall under different mining heights are shown in
Figure 6. As the height of the coal wall increases, the ultimate
bearing capacity of the coal wall decreases. When the coal
wall height increases from 3m to 9m, the maximum roof
pressure of the coal wall decreases from 20 kN to 7.9 kN, and
the horizontal deformation of the coal wall increases from
6mm to 12mm. The experimental results, therefore, show
that, with increasing mining height, the bearing capacity of
the coal wall decreases, the deformation increases, and the
stability decreases.
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(c)

(d)

F1GURE 5: The model used for the physical simulations of a coal wall of different heights under load. (a) Mining height 3 m. (b) Mining height

5m. (c) Mining height 7 m. (d) Mining height 9m.
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FIGURE 6: Variation in load-bearing capacity and displacement of
the coal wall as a function of mining height.

The final failure form of the coal wall is shown in Fig-
ure 7. For a mining height of 3 m, when the roof pressure
reaches 20 kN, cracks and falling blocks appear in the coal
wall. At this time, the coal wall appears as the upper coal
slide, where the height is about 8 cm. When the mining
height increases to 5 m, the coal wall breaks off when the roof
pressure reaches 16.80kN. Compared with the mining
height of 3 m, the area of the coal wall that breaks off in-
creases, which is shown as upper and middle rib spalling,
where the height of the rib spalling is 2.8 m and the depth is
5cm. When the mining height increases to 7m and the roof
pressure reaches 13 kN, the coal wall is destroyed, the extent
of the rib spalling extends to the area near the floor, and the

depth reaches 9.5 cm. For a mining height of 9 m, the whole
height of the coal wall is destroyed, which is in the form of
integral rib spalling, with the depth of the rib spalling in-
creasing to 13 cm. According to the failure forms of coal
walls under different mining heights, the failure range of a
coal wall and the extent of rib spalling is therefore seen to
increase with increasing mining heights.

5. Stability Control of Coal Wall in Shallow and
Large Mining Height Stope

With regard to the mining practices undertaken at the 12401
working face, considering the mechanism of coal wall
lamping and the occurrence of high mine pressure arising
from an 8.8 m working face, the coal wall stability control
method of superlarge space stopes is proposed to control the
coal wall stability during mining operations. From equations
(8) and (9), the relationships between the horizontal de-
formation of the coal wall, the tensile stress, and the max-
imum compressive stress q at the interface of the intact-
fractured zone can be obtained, as shown in Figure 8.
When the maximum compressive stress at the interface
is 0.1 MPa, the maximum horizontal deformation and the
maximum tensile stress are 0.3 m and 4.3 MPa, respectively.
We also see from Figure 8 that the maximum horizontal
deformation and the maximum tensile stress in the coal wall
increase linearly. When the value of the stress increases to
0.5MPa, the maximum horizontal deformation and the
maximum tensile stress in the coal wall increase to 1.5 m and
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FIGURE 7: Variation in the failure modes of a simulated coal wall as a function of simulated mining height. (a) Mining height 3 m. (b) Mining

height 5m. (c) Mining height 7m. (d) Mining height 9 m.
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F1cure 8: Influence of the load q (Figure 2) on the stability of the
coal wall.

21.5 MPa, respectively. The above changes, therefore, indi-
cate that the stability of the deteriorated coal wall increases
with the compressive stress level at the interface between the
intact zone and the fracture zone in front of the working
face.

According to studies of coal wall failure mechanisms, an
analytical mechanical model of coal wall stability that
considers support stiffness and support structure has been
established. The horizontal deformation and tensile stress of
a coal wall increase linearly with the compressive stress at the
interface between the intact and broken coal body in front of
the working face, leading to the risk of coal wall failure

increasing. Various measures, such as increasing the initial
support force, maximum support force, support stiffness,
and support plate stiffness of the hydraulic support, are put
forward to improve the stability of the high-wall coal walls
for the 8.8 m large-height working face, to reduce the crack
development degree of the coal wall, and to increase the
flatness. Employing a coal stope wall-basic roof-direct roof-
frame mechanical balance system and employing the energy
method to determine the coal wall stress and support re-
sistance stiffness of the components of the system, we can see
the coal wall pressure increases with an increase in the
complete rigidity of the coal. This destroys the immediate
roof and sees the support stiffness being reduced, with the
development of support resistance tending towards the
opposite.

The support resistance provided by a support panel is
opposite to the compressive stress acting on the interface.
The stability of the coal wall can be improved by increasing
the initial support force, support height, stiffness, and
maximum support resistance of the support panel. To this
end, the following measures are taken to control the stability
of the coal wall for the 12401 working face: (1) To improve
the supporting force of the protecting board, the horizontal
thrust of the protecting board is increased, immediately
opening the protecting board after the unit cuts the coal and
moving the frame before the unit cuts the coal. Only then
will the protecting board be retracted ahead of time in the
shearer 1~2 frames, causing the working face coal wall to be
always under the support of the protecting board. This
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(b)

FIGURE 9: Comparison of failure modes of the 12401 coal wall. (a) Before increasing the strength of the shield. (b) After strengthening the

strength of the shield.

provides restraint when exposing the coal body, causing the
coal body cracks to still be under the three-dimensional
compression conditions, preventing big block coal occur-
rence, while also allowing the coal machine to cut the coal in
the crack development area. (2) Increasing the guard height:
when the coal wall is seriously damaged, the protective board
can be opened manually to move the first protective board
closer to the coal wall or the roof and the second protective
board closer to the coal wall to reduce the recovery time of
the expansion beam and the protective board when the
shearer cuts the coal, hence increasing the supporting time
of the protective board at the roof and the coal wall. (3) The
structural optimization design of the hydraulic support:
according to the intensifying mechanism of rib spalling in
large mining height working faces, increasing the support
force of the front end of the roof beam is one of the most
effective measures for controlling rib spalling and caving at
the working face. Large mining height working face hy-
draulic support must include a top beam design for the
overall top beam plus an expansion beam structure. The
expansion beam front-hinged support structure involves a
three-level mechanism: the first and third levels support the
plate using a small four-link structure, which can turn 180°,
with the second-level support plate and the first-level sup-
port plate being kept level, while the third-level support plate
is folded back. (4) Strengthening the management of the
hydraulic system by increasing the actual support force and
working resistance of the support: this involves increasing
the hydraulic pressure of the pumping station as much as
possible, using the initial support force retaining valve to
increase the actual support force, and improving the reli-
ability of the protecting board. (5) Since the horizontal
deformation and tensile stress of the coal wall are linearly
related to the compressive stress at the interface between the
coal body integrity area and the fracture zone in front of the
working face, the pressure situation of the working face
should be monitored to determine the advancing speed of
the working face to reduce the exposure time of the coal wall
and to reduce the degree of coal wall lamping.

During the initial propulsive process of working face
12401, the destruction of the coal wall is frequent, which
seriously restricts the production capacity of the fully
mechanized working face with a large mining height, while

the unevenness of the coal wall reduces the management
level of the working face. In order to improve the stability of
the coal wall of the 12401 working face, considering the
above measures, the initial supporting force of the 8.8 m
hydraulic support backing board was increased, and the
three-level backing board was adopted to increase the height
of the backing board. After taking the above measures, the
stability of the coal wall was improved, with the degree of
fracture development on the coal wall decreasing and the
flatness of the coal wall increasing, as shown in Figure 9(b).
The increase in the stability and flatness of the coal wall
reduces its influence on the shearer, improves the shearer’s
cutting efficiency, and enhances the advancing speed of the
working face.

6. Conclusions

(1) Under the condition of shallow burial, the damage
range of a coal body in front of a working face is
small, with the dynamic damage taking place in the
middle and upper parts of the coal wall under the
influence of mining. The initial starting speed of the
broken coal body is associated with the ejection
injury phenomenon. The mechanical model of a coal
wall for a shallow mining face with a large mining
height has been established, and the mechanical
conditions of tensile failure and structural buckling
instability of a coal wall are obtained.

(2) The lower part of the coal wall is restrained by the
floor; hence, the horizontal deformation is close to 0,
and there is no tensile stress distribution in the coal
body. The tensile stress first increases and then de-
creases to 0 with increasing vertical distance from the
floor. Therefore, the middle and upper parts of the
measured coal wall are the most seriously damaged.

(3) A series of physical simulation experiments exam-
ining the stability of a coal wall under different
mining heights were designed. The height of the coal
wall was increased from 3 to 9m, which saw the
horizontal deformation of the coal wall increasing
from 6 mm to 12 mm, the ultimate bearing capacity
decreasing from 20 kN to 7.9 kN, the height of the rib
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wall increasing from 8 cm to 90 cm, and the depth of
the lamella increasing from 3 cm to 13 cm.

(4) The horizontal deformation and tensile stress of the
coal wall increases linearly with compressive stress at
the interface between the intact zone and the broken
zone in front of the working face. Measures such as
increasing the initial supporting force, the maximum
supporting force, and the stiffness of the support
plate of the hydraulic support are put forward to
improve the stability of the high wall of the coal face
with an 8.8 m high mining height. In doing so, this
reduces the degree of the development of the cracks
in the coal wall and increases the flatness.
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