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The advanced mining stress on a large working face can easily lead to the failure of the roof and coal mass; coal wall spalling and
roof caving occur. The degree of coal wall failure and the depth of the plastic fracture zone are closely related to the advanced
mining stress. The mechanical analysis model is established, and the stress distribution in the fracture and plastic zone is
analyzed by the elastic-plastic theory, and the depth function expressions of two zones are determined. Comparative analysis of
the factors affecting mining strength shows that the mining depth, mining height, and strength of coal are the key factors
affecting the stability of the coal wall. The A1 coal of Zhangji mine in Huainan is soft and thick, and the direct roof is easily
separated by the organic membrane, which is easy to form arc-shaped sliding instability. The increase in the unsupported roof
area causes the direct roof caving and reduces its bearing capacity and stiffness. It is unable to provide enough support for the
broken block of the overlying key stratum, which makes the broken block reverse rotation and further aggravate the roof fall;
the synchronous instability of the coal wall and direct roof is formed.

1. Introduction

A large mining height working face has large stope space, the
scope of roof collapse and the movement range of fractured
rock strata will be greatly increased, the filling degree of goaf
is reduced, and it has an impact on the fracture law and
structural characteristics of overburden. In particular, when
the roof has multilayer thick and hard rock and one or both
sides of the working face are empty, it will lead to abnormal
pressure such as spalling and roof caving, which has been
proven in the previous mining practice of 4~6m mining
height[1–4]. With the increase in mining height, the depth
and frequency of coal wall spalling will undoubtedly be
increased, and the leakage of the broken roof will be intensi-
fied, which will seriously limit the advancing speed of the
working face and form a vicious circle.

The influence of overlying rock structure on the stabil-
ity of surrounding rock in large mining height has hanged
fundamentally, and the surrounding rock control mecha-
nism will also change. Professor Wang Jiachen [5, 6] car-

ried out mechanical analysis and experimental research on
the occurrence conditions of “two hard” coal seams, estab-
lished the elastic thin plate mechanical model of the first
roof caving, studied the characteristics of sectional weight-
ing of roof strata in different areas along the length direc-
tion of the working face, and analyzed the reasons of roof
stratum migration and weighting. Yan et al. [7] established
the “short cantilever beam+hinged rock beam” model of a
rock layer fracture in a large mining height working face
by means of numerical simulation and theoretical analysis.
Through field observation, theoretical analysis, and numer-
ical simulation analysis of the large mining height working
face, Yan et al. [8, 9] studied the law of mine pressure
behavior, the influence range of advanced abutment pres-
sure, and the position of the peak point in the fully mech-
anized mining face and considered that the basic roof
weighting of the fully mechanized mining face with large
mining height is more severe than that of the ordinary
fully mechanized mining face, and the coal wall spalling
and roof caving are more serious, and the hydraulic
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pressure is more serious; there is a common phenomenon
of dynamic load impact on the support. Based on the D-
P-Y criterion and limit equilibrium theory of plasticity
mechanics, Bo et al. [10, 11] analyzed the width of the
plastic failure zone and stress distribution of the coal wall,
obtained the calculation method of the width of the plastic
failure zone of the coal wall and abutment pressure in
front of the working face, and analyzed the failure process
and control measures of the roof and wall of “three soft
coal seams”. Fang et al. [12] established the mechanical
model of surrounding rock hydraulic support structure,
analyzed the whole process of coal wall deformation-rup-
ture-failure-instability, analyzed the arc sliding instability
process of the upper part of the coal wall by the stability
coefficient method, and calculated the critical height of
coal wall stability. There are mainly four methods [13,
18] to control the stability of the coal wall and roof of
the large mining height working face. Change the stress
environment of the working face, and appropriately
improve the support resistance. Through the coal wall
and roof grouting, use an anchor rod (such as bamboo
anchor rod) and other means to improve the coal and
rock rest cohesive force. A step coal wall mining method
reduces the time of coal wall stability maintenance and
reduces the mining height. Improve mining technology
to speed up the advance, reduce the length of the working
face, use the bow mining, improve the speed of the
shearer, and reduce the cutting depth and other measures.
Based on the elastic-plastic theory, this paper analyzes the
stress distribution law of coal and rock mass and the
depth of the plastic failure zone under the action of
advanced mining stress and defines the main control fac-
tors affecting the failure of the coal wall with large mining
height. Combined with the occurrence conditions of spe-
cific coal seam, the synchronous instability mechanism of
the coal wall and roof in the large mining height working
face of soft coal is expounded, and the main control mea-
sures are proposed.

2. Advanced Mining Stress Distribution Law of
the Large Mining Height Working Face

With the mining of the working face, the goaf will be
formed; the stress load of the overlying strata gradually
transfers to the coal and rock mass around the working face.
According to the stress redistribution characteristics, the
stress completely acts on the coal and rock mass in front
of and on the side of the working face, thus forming a large
range of stress concentration in these areas. In general, the
stress concentration factor is k = 2 ~ 4. Under the influence
of the advance pressure, mining stress increasing and reduc-
ing area is formed in the coal body and its roof and floor,
and they move forward continuously with the mining.
According to the total stress-strain curve of coal and rock,
its deformation can be divided into three stages: elastic stage,
plastic stage, and failure residual stage. When the abutment
pressure does not exceed the ultimate bearing capacity of
coal, the coal body is in AN elastic state; when the coal mass
reaches the yield condition but fails to meet the fracture

requirements, the coal mass is in the plastic stage; when
the deformation of the coal body reaches the fracture condi-
tion, the coal mass is in the fracture state. The fracture zone,
plastic zone, elastic zone, and original rock stress zone can
be produced in coal mass, as shown in Figure 1.

3. Mechanics Analysis of the Coal Wall of the
Large Mining Height Working Face

3.1. Mechanics Analysis of the Coal Wall of Stability. The
failure degree of the coal wall and the width of the plastic
fracture zone are closely related to the magnitude of mining
advance stress. As shown in Figure 2, the mechanical analy-
sis model of the coal wall is established, xb is the boundary
between the broken zone and the plastic zone, and xp is
the boundary between the plastic zone and the elastic zone.

As shown in Figure 2(b), considering the vertical stress
σy, horizontal resistance Pi, horizontal stress σx, and shear
stress τ caused by upper and lower boundary dislocation,
the microelement equilibrium equation is established:

−m σx + dσxð Þ +mσx + 2τdx = 0, ð1Þ

where m is the coal thickness.
Shear stress τ caused by upper and lower boundary dis-

location is

τ = f dσy , ð2Þ

where f is the friction resistance coefficient of upper and
lower boundary dislocation.

Equation (3) can be obtained through [8] and [10]:

dσx =
2f
m

σydx, ð3Þ

namely, β = 2f /m. The above formula is as follows:

dσx = βσydx: ð4Þ

In the broken area (0 ≤ x ≤ xb), the medium of coal and
rock mass meets the following requirements:

σby = Kpσ
b
x + σ∗

c , ð5Þ

where C∗ is the medium cohesion in the broken zone and φ
is the internal friction angle, namely, Kp = ð1 + sin φÞ/ð1 −
sin φÞ and σ∗

c = 2C∗ cos φ/ð1 − sin φÞ.
Equation (5) is substituted into equation (3) to obtain

dσb
x = βKpσ

b
x + βσ∗c : ð6Þ

The general explanation is

σb
x = −

σ∗c
Kp

+ C1e
βKpx: ð7Þ
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When x = 0, σbxjx=0 = Pi, and substitute it into equation
(7) to obtain

C1 = Pi +
σ∗
c

Kp
: ð8Þ

The stress of coal mass at the edge of the fracture area is

σbx = −
σ∗
c

Kp
+ Pi +

σ∗c
Kp

 !
eβKpx,

σby =
dσx
βdx

= Kp Pi +
σ∗c
Kp

 !
eβKpx,

0 ≤ x ≤ xbð Þ:

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

ð9Þ

In the plastic zone (xb ≤ x ≤ xp), the medium of coal
mass meets the following requirements:

σpy = Kpσ
p
x + σc −M0εp, ð10Þ

where M0 is the softening modulus of coal and Sz is the
strain gradient of coal in the plastic zone, namely, Sz = tan
ðαÞ and εp = ðSz/mÞðxp − xÞ. α is the sum of deformation
angles of the coal roof and floor in the plastic zone.

The above formula is

σp
y = Kpσ

p
x + σc −

M0Sz
m

xp − x
� �

: ð11Þ

Equation (11) is substituted into equation (4) to obtain

dσpx = βKpσ
p
x + β σc −

M0Sz
m

xp − x
� �� �

: ð12Þ
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Figure 1: Stress distribution of stope.
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Figure 2: Stress analysis model of coal mass.
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Therefore, the stress state of coal in the plastic zone can
be expressed as

σpx =
M0Sz/mð Þ xp − x

� �
Kp

 !
−

β M0Sz/mð Þ + β2Kpσc

βKp

� �2 + C2e
βKpx xb ≤ x ≤ xp

� �
,

σpy = −
M0Sz
mβKp

+ C2Kpe
βKpx:

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

ð13Þ

At the boundary of the plastic and elastic zone (x = xp),
the destruction of coal is subject to

σp
y

���
x=xp

= Kpσ
p
x + σc, ð14Þ

where σc is the residual strength of coal, namely, σc = 2C
cos φ/ð1 − sin φÞ, and C is the cohesion.

When x = xp, σ
p
yjx=xp = KγH, where K is the stress con-

centration factor and γH is the original rock stress.
Equation (14) is written as

C2 =
M0Sz/mβKp

� �
+ KγH

Kp
e−βKpxp : ð15Þ

The stress state of coal in the plastic region can be
expressed as

σp
x =

M0Sz/mð Þ xp − x
� �

Kp

 !
−

β M0Sz/mð Þ + β2Kpσc

βKp

� �2
 !

+

β M0Sz/mð Þ + β2KpKγH

βKp

� �2
 !

eβKp x−xpð Þ xb ≤ x ≤ xp
� �

,

σp
y = −

M0Sz
mβKp

+
M0Sz/mð Þ + KpβKγH

βKp

 !
eβKp x−xpð Þ:

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

ð16Þ
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Figure 3: Analysis of influencing factors of xp.
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When x = xb,

σby

���
x=xb

= Kpσ
b
x

���
x=xb

+ σc −
M0Sz
m

xp − xb
� �

, ð17Þ

so

Kp Pi +
σ∗c
Kp

 !
eβKpxb = Kp −

σ∗
c

Kp
+ Pi +

σ∗c
Kp

 !
eβKpxb

" #

+ σc −
M0Sz
m

xp − xb
� �

:

ð18Þ

The solution of equation (18) is

xp − xb =
m σc − σ∗

cð Þ
M0Sz

: ð19Þ

When x = xb, σ
b
xjx=xb = σp

xjx=xb .

−
σ∗
c

Kp
+ Pi +

σ∗c
Kp

 !
eβKpxb =

M0Sz/mð Þ xp − xb
� �

Kp

 !

−
β M0Sz/mð Þ + β2Kpσc

βKp

� �2
 !

+
β M0Sz/mð Þ + β2KpKγH

βKp

� �2
 !

eβKp xb−xpð Þ:

ð20Þ

Equation (20) is substituted into equation (19) to obtain

−
σ∗c
Kp

+ Pi +
σ∗c
Kp

 !
eβKpxb = σc − σ∗cð Þ

Kp

−
β M0Sz/mð Þ + β2Kpσc

βKp

� �2
 !

+
β M0Sz/mð Þ + β2KpKγH

βKp

� �2
 !

e−
mβKp σc−σ∗cð Þ

M0Sz :

ð21Þ

(a) Synchronous instability of the coal wall and roof (b) Instability of the coal wall under high shear stress

(c) Instability of the coal wall affected by gangue (d) Instability of the coal wall caused by tensile cracking

Figure 4: Coal wall spalling type.
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The depth of the coal broken and plastic zone is
expressed as

3.2. Case Analysis. The coal mass of group A of Zhangji mine
has low strength, the thick roof layer is directly covered with
fine sandstone, horizontal bedding is developed, the layer is
sandwiched with argillaceous bands, argillaceous inclusions,
and organic membrane, and the relevant parameters are
taken as follows: f b = 0:5, nb = 0:6MPa, f p = 0:25, np = 0:24
MPa, C∗ = 0:2MPa, φ = 22:4°, M0 = 0:1GPa, α = 12°, and
K = 2:3.

(1) When H = 500m, Pi = 0:1MPa, and φ = 24°, as
shown in Figure 3(a), with the same cohesion, the
greater the mining height is, the greater the plastic
zone depth is, and the plastic zone depth is basically
linearly positively correlated with the mining height

(2) When m = 8m, Pi = 0:1MPa, and φ = 24°, as shown
in Figure 3(b), with the same cohesion, the greater
the mining depth is, the greater the plastic zone
depth is, and the relationship between the plastic
zone depth and the mining depth is approximately
hyperbolic, while at the same mining depth, the
greater the coal cohesion, the smaller the plastic zone
width

(3) When H = 500m, Pi = 0:1MPa, and m = 8m, as
shown in Figure 3(c), with the same cohesion, the
greater the internal friction angle, the smaller the
plastic zone depth, but the plastic zone depth
decreases slightly with the increase in the friction
angle; at the same internal friction angle, the plastic
zone depth decreases with the increase in cohesion,
and the reduction amplitude is obvious

(4) When H = 500m, m = 8m, and φ = 24°, as shown in
Figure 3(d), with the same cohesive force, the greater
the applied force is, the smaller the depth of plastic
zone is. The depth of the plastic zone decreases with
the increase in the applied force

The depth of the plastic zone in the coal wall determines
the damage degree. The analysis shows that mining depth,
mining height, and coal strength have significant influence
on the development range of plastic zone. In order to control
the instability of surrounding rock in stope, measures such
as reducing mining height, grouting reinforcement, and
increasing support resistance are adopted in practice.

4. Synchronous Instability Mechanism of the
Direct Roof and Coal Wall

4.1. Failure Mode of the Coal Wall. Practice shows that the
trace of coal wall spalling is closely related to coal hardness,
gangue property, and support strength. If the coal mass is
homogeneous, the joints and fissures are not developed,
the hardness is small, and there is a large vertical stress act-
ing on the coal wall, which is easy to form the arc-shaped
crack to expand to the free surface of the coal wall; then,
the synchronous instability as shown in Figure 4(a) is
formed. When the strength of coal and direct roof is high,
the coal wall is easy to form oblique linear failure trace under
the action of roof high pressure, as shown in Figure 4(b).
When the coal body is homogeneous and has no influence
on the gangue, the joints and fractures are not developed,
the integrity is good, the hardness is large, and the support
of the coal wall is not timely. The vertical stress causes lateral
horizontal displacement of the coal wall, which leads to the
failure of the coal wall to break the groove shape, as shown
in Figure 4(c). When there are gangues in the coal, the spal-
ling extends or interrupts irregularly at the position of the
gangue, thus forming the type as shown in Figure 4(d).
Through years of field observation and theoretical research,
there are two basic types of coal wall failure: shear and ten-
sion, of which (a) and (d) are more than 80%, and type (c)
(16%) (a) and (b) belong to shear failure. Type (c) failure
is due to a layer of relatively strong rock in the coal seam,
and its failure principle is still shear failure. In general, ten-
sile failure often occurs in hard coal seam, and type (d)
failure is very rare.

The coal roof of group A in Zhangji mine of Huainan is
directly covered with medium fine sandstone, as shown in
Figure 5. The horizontal bedding is developed, and there
are argillaceous bands in the layer, containing argillaceous
inclusions and organic membrane, as shown in Figures 6
and 7. The average thickness of coal seam is 7.2m, the
strength of the coal body is low, and the hardness is 0.8~1.
During the mining process, the roof caving and coal wall
spalling are serious, and it is difficult to give full play to
the supporting role of the bracket. After the coal wall spal-
ling, the unsupported roof area increases. Under the action
of the advanced bearing pressure, the roof is easy to leak
and fall, which further weakens the support function of the
roof. It is difficult to use shearer or air pick to directly crush

xb =
1

βKp
ln −

βM0Sz
m βKp

� �2 Pi + σ∗c /Kp

� �� �
 !

+
β M0Sz/mð Þ + β2KpKγH

βKp

� �2 Pi + σ∗c /Kp

� �� �
 !

e−
mβKp σc−σ∗cð Þ

M0Sz

" #
,

xp =
m σc − σ∗cð Þ

M0Sz
+ 1
βKp

ln −
βM0Sz

m βKp

� �2 Pi + σ∗c /Kp

� �� �
 !

+
β M0Sz/mð Þ + β2KpKγH

βKp

� �2 Pi + σ∗c /Kp

� �� �
 !

e−
mβKp σc−σ∗cð Þ

M0Sz

" #
:

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

ð22Þ
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the gangue due to its large size falling from the roof. It must
be treated by drilling and blasting. The influence time is
long, which further slows down the pushing progress of
the working face, thus forming a vicious circle.

4.2. Synergistic Relationship Between Coal Wall Spalling and
Roof Caving. Numerical and similar simulation tests show
that the roof of the large mining height working face forms
the overburden structure as shown in Figure 8. The stability
of block B requires the support to provide supplementary
load. The temporary balance of the structure just makes each
working procedure of the mining operation successfully
completed. Therefore, the stability of the overburden struc-
ture is determined by the large resistance of the support,
especially for the working face with the mining height of
7~8m. Due to the insufficient support force, the key blocks
are prone to large swing or even sliding instability, which
will lead to strong ore pressure appearance.

Due to the effect of advanced mining stress, the coal wall
of soft and thick coal seam is prone to spalling, thus increas-
ing the unsupported area. As shown in Figure 9, when the
comprehensive roof control measures such as roof reinforce-
ment and pressure relief are not adopted, the weak cohesive
layer is separated by an organic membrane and argillaceous
inclusion, and the open roof area exceeds the limit of stable
span, and the composite layered roof falls in front of the
support.

The support force is transmitted through the direct roof
to control the change of overburden structure. When the
roof caving height is large, the direct roof will be broken
and the bearing capacity and stiffness will be reduced. As
shown in Figure 10, the direct roof cannot transmit enough
support force to the broken block B in this state, resulting in
its reverse rotation, and the coal wall will not be able to pro-
vide the restraint force too, causing the support movable col-
umn to shrink down; it will aggravate the roof caving.
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Figure 5: Working face layout and lithology histogram.

Figure 6: The sandstone intercalated with organic membrane.
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Figure 7: Argillaceous inclusions in sandstone.
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Figure 8: Normal mining.
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Figure 9: Roof caving caused by coal wall spalling.
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Figure 10: The change of roof structure aggravates the damage.
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5. Control of Coal Wall and Roof
Synchronous Instability

In the process of mining in Group A of Zhangji mine,
synchronous instability and strong ore pressure appear,
which seriously affects the safety of working face. Through
theoretical and practical research, the mechanism of sur-
rounding rock instability in stope is expounded, and the
comprehensive control measures of “cutting up and plac-
ing down” are adopted. Advanced mining stress is the
key factor affecting the stability of the coal wall and roof,
and the formation of mining stress is directly related to
the overburden rock structure. By means of blasting pre-
splitting, the key bearing rock blocks can be broken in
advance, thus leading the advanced mining stress to act
on the higher strata far away from the stope and weaken
the impact on the direct roof and coal wall. According
to the maximum bearing capacity of the support, the
advance breaking distance is designed to make the hydrau-
lic support effectively control the sinking of the direct roof
and avoid the dynamic pressure influence on the coal wall
and roof. According to the column chart, the 16.3m
coarse sandstone at the A3 roof is the key layer to control
the ore pressure appearance, as shown in Figure 11.

In order to improve the strength and enhance its integ-
rity, polymer materials are injected into the cracks or loose
bodies by the pneumatic double liquid synchronous grout-
ing pump, which consolidates and hardens the original
broken, loose, and discontinuous rock mass into continuous
and complete high-strength rock mass in a short time, so as
to repair its defects in structure and improve the mechanical
properties of surrounding rock mass. Through the treatment
measures of “cutting up and pouring down”, the frequency

of roof caving and the depth of coal wall spalling are
significantly improved, as shown in Figure 12.

6. Conclusion

(1) Based on the elastic-plastic theory, the mechanical
model of coal wall stability analysis is established,
and the analytical expressions of the stress and plas-
tic zone about Pi, m, f , σ∗c , C

∗, φ, M0, and Sz are
obtained. Combined with mining conditions of A
coal in Zhangji mine, it is shown that the mining
depth, mining height, and coal cohesion have signif-
icant influence on the range of plastic failure zone,
which directly determines the damage degree of coal
wall spalling

(2) Coal strength of group A is low and easy to slide
instability, thus increasing the unsupported space.
Due to the influence of the mechanical membrane
and argillaceous inclusions, the direct roof is prone
to separation damage and then forms the synchro-
nous instability. With the increase in the height of
roof fall, the bearing capacity and stiffness of the bro-
ken direct roof will decrease, resulting in the reverse
rotation of the broken key block, and the coal wall
will not be able to provide the binding force at the
end of the broken block, which will aggravate the
spalling. The key block rotates and sinks, and roof
caving is more serious

(3) The comprehensive control measures of “cutting up
and injecting down” are adopted to improve the sta-
bility of the coal wall and direct roof. According to
the maximum bearing capacity of the support, the
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Figure 12: Comparison of working face control measures before and after.
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16.3m thick coarse sandstone of A3 roof is pre-
cracked with 10~15m breaking distance from the
two roadways, so that the advance mining stress is
far away from the surrounding rock of the working
face. In order to improve the strength and integrity
of the roof, polymer materials are injected into the
cracks or loose bodies of coal and rock mass to
improve the mechanical properties
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