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*e gob-side roadway of 130205, a large-mining-height working face in the Yangchangwan coal mine, was investigated in terms of
the mine pressure law and support technology for large mining heights and narrow coal pillars for mining roadways.*e research
included field investigations, theoretical analysis, numerical simulation, field tests, and other methods. *is paper analyzes the
form of movement for overlying rock structure in a gob-side entry with a large mining height and summarizes the stress state and
deformation failure characteristics of the surrounding rock. *e failure mechanism of the surrounding rock of the gob-side
roadway and controllable engineering factors causing deformation were analyzed. FLAC3D numerical simulation software was
used to explore the influence law of coal pillar width, working face mining height, and mining intensity on the stability of the
surrounding rock of the gob-side roadway. Ensuring the integrity of the coal pillar, improving the coordination of the system, and
using asymmetric support structures as the core support concept are proposed. A reasonably designed support scheme for the
gob-side roadway of the working face for 130205 was conducted, and a desirable engineering effect was obtained through field
practice verification.

1. Introduction

*e traditional wide coal pillar not only wastes coal re-
sources but also easily leads to stress concentration and
several hidden dangers. *e narrow coal pillar can reduce
the loss of resources and, with targeted support schemes, can
better maintain the stability of the roadway’s surrounding
rock.*erefore, the layout of the gob-side entry driving with
a narrow coal pillar has been gradually popularized and
applied to large mining height working faces. Many scholars
have conducted considerable research on stability control
for the surrounding rock of gob-side roadways. *e coal
rock strength, coal pillar width, mining influence degree, and
support strength had significant influence on the sur-
rounding rock of gob-side roadways [1, 2]. *e influence of
roadway driving and mining disturbance should be com-
prehensively considered in coal pillar width [3]. *e energy
support theory had indicated that reasonable support

structure and mode should be able to achieve the energy
conversion equilibrium state [4]. *e main purpose of
support was to ensure the integrity and residual strength of
surrounding rock in plastic area [5]. *e coal pillar support
should be strengthened by controlling the rotation of key
rock blocks during the mining period for the gob-side entry
[6, 7]. Most of the above studies were based on common coal
seam roadways, and research on the control of the sur-
rounding rock of gob-side entries in large mining height
working faces of inclined thick coal seams remains scarce.
*ere are still some difficulties in the research of sur-
rounding rock control technology of gob-side entry with
large mining height in inclined thick coal seam: (1) *e
mining space is larger, the movement range of overlying
rock is larger, and the influence of high lateral support
pressure on the stability of surrounding rock of gob-side
entry is more obvious; (2) In the past, the surrounding rock
control of gob-side entry is mostly symmetrical control
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scheme, and the mining performance of gob-side entry in
inclined thick coal seam is asymmetric, so it is necessary to
put forward more targeted asymmetric control scheme.
*erefore, the research on surrounding rock control tech-
nology of gob-side entry with large mining height in inclined
thick coal seam has great innovation.

2. Engineering Background

2.1. Engineering Geology. *e Yangchangwan coal mine
primarily focuses on the No. 2 coal seam.*e coal seam has a
simple structure, with an average thickness of 7.9m, an
average dip angle of 18°, and well-developed joints. *e
Proctor coefficient f� 1∼2. *e rock properties of the roof
and floor of the coal seam are depicted in Figure 1.*ere is a
0.2–0.6m thick false roof between the No. 2 coal seam and
the direct roof. *e false roof is affected by the ground
pressure and mining and falls during mining, which makes
roof management of the working face difficult. Moreover,
because the direct bottom of the No. 2 coal seam is siltstone,
it easily softens after encountering water, which leads to
severe bottom drilling of support and delays in the normal
advance of the working face.

2.2. Engineering Background. *e 130205 working face is
located in the middle of the first division of the Yangchangwan
mine, with a buried depth of 630m, and the mining method of
full thickness with large mining height has been adopted for it.
*e north side of 130205 working face is the 130203 goaf, and
the south side is the 130207working face.*e 130205 return air
roadway is adjacent to the 130203 goaf, and the roadway lo-
cation is depicted in Figure 2. A 5m coal pillar is reserved for
the 130205 return air roadway, which is driven along the roof of
the coal seam.*e width and height of the roadway excavation
are 5 and 4m, respectively.

In the initial stage of driving along goaf roadway in the
130205 working face of Yangchangwan Coal Mine, the field-
measured displacement of two sides of roadway reaches
457mm, the subsidence of coal pillar side roof is 268mm, and
the subsidence of solid coal side roof is 192mm. *e mine
pressure behavior of roadway shows obvious asymmetry.

3. Ground Pressure Behavior Characteristics of
Gob-Side Entry

3.1. Overlying Rock Structure of the Gob-Side Entry.
Professor Hou Chaojiong put forward the concept of “Large
structure” and “Small structure” for overlying rock structure and
surrounding rock. “Large structure” refers to the mutual hinged
structure formed by the roadway overlying rock after mining at
an adjacent working face. “Small structure” refers to the
common bearing body formed by surrounding rock and sup-
porting materials [8]. *e movement of overlying rock of the
large structure will directly affect the stability of small structures.

After the upper section of the working face is mined out,
the basic roof of the goaf is broken in an “O-X” shape [9],
and an arc triangle block structure is formed along the goaf
tendency, as shown in Figure 3.*e stability of key block B in

the structure will directly affect the deformation and failure
degree of the surrounding rock of the gob-side roadway.
After the upper working face is mined, the coal and rock in
the gob-side roadway area are damaged by mining, and the
plastic area mainly concentrates on the side of the narrow
coal pillar [10–12].*e disturbance of roadway driving along
the goaf is relatively small, and the degree of damage to the
surrounding rock is small. *e mining influence caused by
the current working face mining intensifies the movement of
the overlying rock structure and the degree of damage to the
roadway’s surrounding rock [13]. *erefore, reasonable
support mode and strength in the driving stage are decisive
factors to ensure current mining safety.

3.2. Stress Characteristics of Surrounding Rock. After the
stoping of the upper working face enters the stable period,
the internal stress of the rock mass in the area to be arranged
gradually enters the equilibrium state [14–16]. When driving
along the goaf, the equilibrium state is broken, and the stress
of the surrounding rock is redistributed, but the degree of
influence is low. *e mining influence caused by the current
working face mining will aggravate the destruction of the
surrounding rock’s stability.

*ere is a certain plastic zone depth in the shallow part of
the surrounding rock after roadway excavation. According
to the limit strength of the surrounding rock in the area, the
stress and displacement distribution around the roadway
can be solved by the elastic-plastic limit equilibrium theory
[17]. Assuming that the tunnel section is circular, the stress
of surrounding rock is analyzed and solved through elastic-
plastic theory. *e radial stress σe

r and circumferential stress
σe
θ in the elastic zone of the surrounding rock are obtained as

follows [18–20]:
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where C is the cohesion of the surrounding rock, φ is the
surrounding rocks’ internal friction angle, r is the spacing
between the surrounding rock and roadway center, a is the
circular section roadway radius, and P0 is the original rock
stress.

*e radial stress σp
r , circumferential stress σp

θ , and radius
RP of the plastic zone of the surrounding rock are, re-
spectively, as follows [21–23]:
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*erefore, the stress distribution characteristics of sur-
rounding rock are closely related to the roadway radius, the
cohesion of rock mass, the internal friction angle of the rock
mass, and the original rock stress. With the increase of
mining depth, the original rock stress cH also increases.

Furthermore, the surrounding rock stress and the range of
the plastic zone also increase correspondingly. *ere is a
positive correlation between the depth of the plastic zone
and the size of the roadway section [24]. When the roadway
section is fixed, the farther the plastic zone is from the
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Figure 1: Rock property characteristics of the coal seam roof and floor.
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roadway center line, the greater the surrounding rock stress.
Moreover, the support resistance has a positive correlation
with the stress and range in the plastic zone.

From the overburden structure and stress distribution
characteristics of gob-side entry, it can be seen that the roof
structure of gob-side entry presents obvious asymmetry, and
the key triangle structure of the roof has more direct in-
fluence on the stress and displacement of coal pillar side of
entry, which is consistent with the field-measured value at
the initial stage of entry driving.

4. Failure Mechanism of the Surrounding
Rock in Gob-Side Entry

4.1. Failure Mode of Surrounding Rock

(1) Compression-Shear Failure. Compression-shear
failure often occurs on the sides of roadways [25].
*e shallow surrounding rocks of the sides are in a
plastic state, and spalling and sliding along the shear
section due to the influence of vertical stress occur
easily.

(2) Tensile Failure. Generally, the tensile strength of the
surrounding rock is far lower than its compressive
strength, and tensile failure occurs when the tensile
stress of the rock mass is greater than its tensile
strength [24].

(3) Multiple-Shear Failure. Multiple-shear failure refers
to the shear failure of the rock mass along different
weak planes [26]. However, the shear stress at failure
does not reach the shear strength of the rock mass.
*is kind of failure mode mainly occurs in rock
masses with high strength and developed joints.

Due to the complex stress environment of the sur-
rounding rock of the narrow pillar of the mining roadway
and the development of roof joints in 130205 working face,
two or more types of composite failure occur frequently.

4.2. Failure Mechanism of Surrounding Rock. Due to the
development of joints and fissures and low strength in the
surrounding rock of the roadway, the stress of the sur-
rounding rock exceeds its own strength after repeated
mining and the state changes from elasticity to plasticity

[27, 28]. *e shallow surrounding rock of the roadway is in a
two-way stress state, which will gradually cause a chain
reaction of deep surrounding rock failure and constant
change to a plastic state. During roadway excavation, the
roof rock of the roadway evolves from quadrilateral-em-
bedded support to beam-type restraint support and the load
generated by the strata above the roadway transfers to the
side. *e plastic state appears in the restrained section of the
two sides. Furthermore, the actual constraint transfers to the
interior of the surrounding rock, and the stress in the roof
decreases in a negative exponential curve [29]. In this
process, the fracture and plastic zones of the surrounding
rock are formed and expanded, and the elastic zone transfers
to the deep coal body [30].*e support capacity of the plastic
zone and the cataclastic zone of the surrounding rock de-
crease, and the vertical stress transfers to the surrounding
rock and forms the stress concentration area.*e stress state
of surrounding rock is similar to that driving along the goaf,
but the mining influence becomes more severe.

5. Influencing Factors of Surrounding
Rock Stability

*e stability of surrounding rock in a gob-side entry with
large mining height is affected by several factors, among
which the main engineering influencing factors include coal
pillar width, coal seammining height, and mining influence.
Based on the Mohr–Coulomb constitutive relation [31, 32],
the numerical model is established with FLAC3D. *e
calculation model is 200m long, 100m wide, and 50m high,
as depicted in Figure 4. *e Mohr–Coulomb model is
adopted for the constitutive relationship of the surrounding
rock. *e upper boundary of the model is a free surface, and
the overburden load of 630m depth is 15.44MPa; the other
five surfaces of the model are fixed boundaries, and the
displacement and velocity are set to zero. When the over-
burden load is applied on the top of the model, the load
generated by the overburden at the height of 30m above the
top of the model coal seam should be deducted. For the
change of coal seam dip angle, the height of the model
changes with the dip angle and the load subtracted changes
in the same proportion. To obtain the distribution charac-
teristics of stress and displacement of surrounding rock in a
gob-side entry, measuring lines are arranged on both sides of
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Figure 3: Overlying rock structure of gob-side entry.
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the roadway and on its roof at 0.5m intervals, and they are used
to analyze the quantitative relationship between various factors
and the stability of the gob-side entry’s surrounding rock.

5.1. Influence of Coal Pillar Width on the Stability of Sur-
roundingRock. *ewidth of the coal pillar directly affects the
distribution of lateral abutment pressure and has a direct
correlation with the stability of the surrounding rock of the
roadway along a goaf [33, 34]. Six coal pillar widths (i.e., 3m,
5m, 8m, 12m, 20m, and 30m) were selected to simulate and
analyze the stress distribution state of the gob-side roadway.

5.1.1. Stress Distribution of Surrounding Rock with Different
Coal Pillar Widths. (1). Stress Distribution of the Roof. *e
vertical stress distribution of the surrounding rock of
roadways with different pillar widths is shown in Figure 5.
When the width of the coal pillar is less than 8m, the peak
value of lateral abutment pressure is located at the side of the
solid coal. When the width of the coal pillar is greater than
12m, the peak value of stress is in the coal pillar, and with the
increase of coal pillar width, the phenomenon of stress con-
centration in the coal pillar becomes more obvious. When the
width of the coal pillar is less than 12m, the vertical stress
distribution is asymmetric, and the smaller the width of coal
pillar, the more obvious the asymmetry of stress distribution.
When the width of the coal pillar is less than 5m, the vertical
stress of the shallow surrounding rock at the solid coal side is
significantly greater than that at the coal pillar side. Moreover,
the lateral abutment pressure is transferred to the deep part of
the solid coal, and the roof-breaking range of the coal pillar side
is larger and the stress value is smaller.

(2) Stress Distribution of Two Sides. It can be seen from
Figure 5 that the vertical stress of the solid coal side decreases
with the increase of the coal pillar width and that the vertical
stress of the coal pillar side increases with the increase of the
coal pillar width. Furthermore, the degree of stress con-
centration of the solid coal side increases with the decrease of
coal pillar width, and the peak positionmoves inward.When
the width of coal pillar is less than 5m, the coal pillar is
basically in plastic state and the stress is less than the original
rock stress. When the width of the coal pillar is more than
5m, there is a stress-rising area in the coal pillar, and the
stress concentration coefficient increases with the increase in

coal pillar width. When the width of the coal pillar is less
than 8m, the vertical stress of the solid coal side is signif-
icantly greater than that of coal pillar side, whereas when the
width is more than 8m, the vertical stress of the solid coal
side is larger than that of the solid coal wall.

5.1.2. Displacement Characteristics of Surrounding Rock
under Different Coal Pillars of Varying Width. (1) Roof
Displacement. *e vertical displacement distribution of the
roadway roof with coal pillars of varying width is depicted in
Figure 6. Changes in coal pillar width have a significant
impact on the vertical roof subsidence of the coal pillar
roadway. When the width of the coal pillar is less than 20m,
the roof subsidence shows obvious asymmetry. *e roof
subsidence at the side of the coal pillar is greater than that at
the solid coal side. In particular, when the width of the coal
pillar is 12m, the range of the roadway’s roof subsidence
exceeds 100mm. When the width of coal pillar is more than
20m, roof subsidence decreases obviously. When the width
of the coal pillar is 3m, the roof subsidence is smaller than
that of 5m, 8m, and 12m coal pillars, which indicates that
roadway protection with narrow coal pillars can also be
located in low-stress areas.

(2). Displacement of Two Sides. *e displacement of two
sides of the roadway is depicted in Figure 7. *e change in
coal pillar width has a particularly significant impact on the
horizontal displacement of both sides of the gob-side
roadway. When the width of the coal pillar is less than 20m,
the horizontal displacement of the solid coal side is obvi-
ously greater than that of coal pillar side, and the maximum
displacement can reach twice that of the coal pillar side.
With the increase in coal pillar width, the zero horizontal
displacement line in the coal pillar gradually transits from
the solid coal side to the goaf side.

5.2. Influence ofMiningHeight on Surrounding Rock Stability.
Mining height is also an important parameter affecting the
stability of surrounding rock in a gob-side entry. Various
mining heights affect the degree of influence of goaf collapse
on surrounding rock stability [9]. *e distribution law of
stress and displacement of surrounding rock in a gob-side
entry under six mining height schemes of 2m, 3m, 4m, 5m,
6m, and 7m is simulated and analyzed.
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Figure 4: Numerical calculation model.
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5.2.1. Stress Distribution of Surrounding Rock with Different
Mining Heights. (1) Stress Distribution of the Roof. *e
vertical stress distribution of surrounding rock with different
mining heights is depicted in Figure 8. When the mining
height is less than 4m, the vertical stress at the coal pillar side
is slightly greater than that at the solid side within a roof
depth of 0–4m. However, with the increase in mining
height, the difference between the vertical stress at the solid
side and the coal pillar side gradually increases. *e vertical
stress of the solid coal side is greater than that of the coal
pillar side within a depth range of 4–13m, and the difference
between the two sides is prominent with the increase in
mining height. When the depth is more than 15m, the

vertical stress of the coal pillar side is greater than that of the
solid side, and the difference decreases with the increase in
mining height. *e results show that the larger the mining
height, the more serious the damage to the roof of the coal
pillar from lateral abutment pressure, whereas the vertical
stress of the solid coal side changes little.

(2) Stress Distribution of Two Sides. *e vertical stress
within 0–5m of the solid coal wall increases rapidly with
the increase in the depth of surrounding rock, and the
difference of stress value under different mining height is
not obvious. When the depth of surrounding rock is greater
than 5m, the vertical stress decreases with the increase in
mining height.
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Figure 6: Vertical displacement distribution of roof under different coal pillar widths: (a) coal pillar side roof; (b) solid coal side roof.
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Within the range of 0–2m, the vertical stress increases
gradually; within the range of 2–5m, the stress concentra-
tion phenomenon appears, and the stress concentration
coefficient decreases with the increase in mining height.

*e vertical stress in the solid wall rock is larger than
that in the coal pillar wall rock, and the larger the mining
height, the greater the difference. Such a relationship
shows that the peak value of lateral abutment pressure of
the surrounding rock in the gob-side entry is transferred
to the solid coal side.

5.2.2. Displacement Characteristics of Surrounding Rock with
Different Mining Heights. Results reveal that the vertical
displacement of the roof is less affected by the mining height

but that the horizontal displacement of the two sides is
asymmetric.

It can be seen from Figure 9 that the subsidence on both
sides of the roof decreases with the increase in mining height.
*e vertical displacement of the coal pillar side roof is obviously
larger than that of the solid side roof, and it is more obvious in
depths ranging from 0 to 5m for the surrounding rock.

It can be seen from Figure 10 that the horizontal dis-
placement of the coal pillar side decreases with the increase
in mining height, and the horizontal displacement of the
solid side is not affected by the change in mining height.

5.3. Influence of Mining on Surrounding Rock. *e influence
of mining includes the direct inducement of large-scale
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damage to the surrounding rock of roadways [10, 11]. *e
evolution law of stress and displacement for the surrounding
rock of roadways under different mining distances is sim-
ulated and analyzed, and the difference of stress and de-
formation of the surrounding rock of a roadway along the
goaf under dynamic and static pressure environments is
compared.

5.3.1. Stress Distribution of Surrounding Rock Affected by
Mining. Figure 11 shows the vertical stress distribution in
the surrounding rock of a roadway before mining (static
pressure) and during mining (dynamic pressure).

(1) *e variation trend of the roof vertical stress in terms
of the depth of the surrounding rock remains the

same before and during mining, but the roof gap of the
solid coal side is obviously smaller than that of the coal
pillar side, which indicates that mining has a stronger
influence on the roof of the coal pillar side, which
increases the stress asymmetry of the roof. Vertical
stress within depths ranging from0 to 5m in the roof of
the coal pillar side displays a downward trend, which
indicates that this part of the rock mass is severely
damaged, which is obviously smaller than that of the
solid side. Roof asymmetry within the range of 5–10m
is especially obvious, which indicates that the “large
structure” of the roof has a certain supporting effect on
the side overburden of the coal pillar.

(2) *e vertical stress in the solid coal wall decreases
with the weakening of mining influence, and the
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peak position shifts to the roadway. *e vertical
stress in the coal pillar side changes little with mining
influence. *e difference between the peak value of
vertical stress in the solid side wall and that in the
coal pillar side increases with the increase in the
degree of mining influence, and the maximum value
triples. *e more severe the mining effect, the more
obvious the asymmetry of the two sides.

5.3.2. Displacement of Surrounding Rock under Dynamic
Pressure. Figure 12 shows the distribution of subsidence on
both sides of the roof under different degrees of mining
influence. *e analysis shows that subsidence regularity on
both sides of the roof is consistent and strong. With the
deepening of mining influence degree, roof subsidence in-
creases, and the subsidence of the shallow surrounding rock
on the solid side of the roof is large.

Figure 13 depicts the horizontal displacement distribution
of surrounding rock within a 0–5m depth in both sides of the
roadway under different degrees of mining influence. *e
analysis reveals that the horizontal displacement of the solid
coal slope increases with the increase in mining intensity and
that the shallow part of coal slope ismore significant. In the coal
pillar side, the level of surrounding rock at a depth of 0–2m is
negative moving to the roadway, and the displacement value
within a 2–5m depth is positive moving to the goaf side. In
shallow surrounding rock (0–2m), the horizontal displacement
of the solid side is obviously larger than that of the coal pillar
side (almost twice the size).

6. Control Measures of Surrounding Rock in
Gob-Side Entry

6.1. Key Points for Surrounding Rock Control in a Gob-Side
Entry. Based on the above research, the key points of

surrounding rock control of a gob-side entry in an inclined
coal seam are proposed as follows:

(1) Improving Coal Pillar Integrity. Some deformation of
the coal pillar is allowed, but its integrity is main-
tained [35]. *e integrity of the coal pillar should be
maintained, while avoiding the chain reaction failure
of the roadway’s surrounding rock.

(2) Improving the Coordination of Support Systems [36].
Key to surrounding rock control is improving the
coordination and integrity of the support system,
promoting the surrounding rock and support
structure to form a common bearing body, and
advancing the overall bearing capacity of the sur-
rounding rock.

(3) Asymmetric Supporting Structure Should Be
Adopted. *e asymmetry of surrounding rock
bearing in a gob-side entry is obvious, and with the
decrease in coal pillar width and the coal seam dip
angle, along with other factors, asymmetry is in-
tensified [37, 38]. *e targeted asymmetric support
structure can better control the deformation of
surrounding rock.

6.2. Surrounding Rock Control Scheme of Gob-Side Entry.
*e surrounding rock of the gob-side entry with large
mining height in the Yangchangwan mine is severely
damaged. *e stress environment is changeable in different
stages, and the stress and displacement distribution of the
surrounding rock are asymmetric. *erefore, the asym-
metrical layout of the supporting structure was adopted.*e
coupling control scheme of “prestressed anchor cable-
+ anchor bolt +mesh + shotcreting” was adopted for the
gob-side roadway of the 130205 working face, as shown in
Figure 14.
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Figure 10: Horizontal displacement of two sides in a roadway at different mining heights: (a) coal pillar side; (b) solid coal side.
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Figure 11: Vertical stress of surrounding rock under different mining conditions: (a) coal pillar side roof; (b) coal pillar side; (c) solid coal
side roof; (d) solid coal side.
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Figure 12: Vertical displacement of the roof: (a) coal pillar side roof; (b) solid coal side roof.
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Figure 13: Horizontal displacement of two sides under different mining intensities: (a) coal pillar side roof, (b) solid coal side roof.
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Figure 14: Continued.
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6.3. Control Effect of the Surrounding Rock. During the
roadway excavation, the roof subsidence of the side of the
solid coal side lasted for 2 months and began to stabilize on

the 25th day. *e displacement results of surrounding rock
surface are shown in Figure 15. During themining period for
130205s working face, themaximum surface displacement of
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Figure 14: Surrounding rock control scheme of gob-side entry: (a) cross section of roadway support; (b) top view of roof support; (c) front
view of coal pillar side support; (d) front view of solid coal side support.
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the gob-side roadway did not exceed 130mm, the maximum
deformation was approximately 128mm for the two sides,
and the maximum subsidence of themiddle roof was 76mm.
*e control effect of surrounding rock is shown in Figure 16.
Furthermore, the deformation of the surrounding rock was
controllable, and the control effect of the surrounding rock’s
deformation on the gob-side roadway is obvious.

7. Conclusion

(1) Analyzing the structural characteristics of overbur-
den rock in a gob-side entry with large mining height
indicated that the support mode and strength in the
driving stage are the crucial guarantees for the gob-
side roadway to withstand the influence of subse-
quent mining.

(2) *e surrounding rock failure of the roadway is a
process of elasticity-elastoplasticity-plasticity trans-
formation, and it develops from the surface to the
interior and eventually to the deep surrounding rock.

(3) *e failure mode of the surrounding rock of a gob-
side entry with large mining height includes the
combination of compression-shear failure, tensile
failure, and multiple-shear failure.

(4) According to the field measurement, theoretical
analysis, numerical simulation, and the convergence
characteristics of surrounding rock after the im-
provement of support scheme, it can be seen that the
mine pressure behavior of gob-side roadway is more
severe.

(5) *e supporting concepts of maintaining the integrity
of the coal pillar, improving the coordination of the
system, and using the asymmetric support structure
was proposed. *e asymmetric support scheme with
a prestressed anchor cable as the core component
was put forward and was verified by engineering
practice.
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