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Based on geological conditions of 3318 working face haulage roadway in Xuchang Coal Mine, as well as the space-time rela-
tionship with surrounding gob, theoretical analysis and numerical simulation were used to study the influence of fault structure on
the original rock stress of 3318 working face transport roadway. Considering the composite action of the leading supporting
pressure of 3318 working face and the structure and the lateral supporting pressure of gob, the stress distribution and deformation
law of roadway under the complex and high-stress condition are studied. (e results show that, under the superposition of lateral
abutment pressure of goaf and abutment pressure of adjacent working face and fault structure, the peak stress of roadway roof and
floor moves to the surface of roadway surrounding rock, and its distribution law changes from obvious symmetry to asymmetry;
surrounding rock on both sides of roadway forms asymmetric circular concentrated stress area; roof and floor and two sides of
roadway show asymmetric characteristics. (is reveals the stability characteristics of roadway surrounding rock under the action
of multiple perturbation stresses.

1. Introduction

(e Xuchang Coal Mine has entered into the middle-post
stage of life cycle: almost all the mining areas with simple
geological conditions have been extracted, while the ma-
jority of the remaining mining areas are heavily influenced
by geological structures, where the geological conditions of
coal seams are complex and many geological structures such
as faults are developed. Meanwhile, the current main
working face is surrounded by goafs; hence, roadways of
working face are always within the strong influence range of
the lateral abutment pressure applied from goafs. Under the
superimposed influences of the geological structure and the
supporting pressure of adjacent working faces, the roadway
had been repaired many times even before the mining
operation and subjected to effects of secondary high stress
caused by multiple disturbances for a long time. Currently,
focusing on the fault activation mechanism and main
influencing factors caused by mining operations near fault

area, various scholars have carried out relevant research and
some useful conclusions are obtained [1–3].

Meanwhile, many other scholars have done much re-
search on the distribution mechanism of abutment pressure
of surrounding rock during and after the working face
mining process [4–7]. After taking the influencing factors of
abutment pressure into account, they proposed the ana-
lytical and numerical solutions of advance abutment pres-
sures from the working face and lateral abutment pressures
from the goaf [5, 8–14]. And then based on elastic-plastic
theory, the stability of deep broken roadway under het-
erogeneous high ground stress is studied by combining
analytical method with finite difference numerical method.
Based on the principle of equivalent deformation, the me-
chanical model of segmental shotcrete linings with yielding
elements is established using the homogenization approach,
Analytical prediction for the behaviour of ductile tunnel
linings is provided [15–18]. An investigation on an analytical
design method for ductile tunnel linings is performed. And
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the foam concrete can absorb a certain amount of rock creep
deformation and reduce the characteristics of lining pres-
sure, so as to deal with the large deformation of the squeezed
roadway [19–23]. (e above research conclusions have laid
the foundation stone of accurate acquirement of sur-
rounding rock stability of underground space under the
influences of fault and abutment pressure. However, the
existing research results are mostly obtained based on single
factor, that is, considering either the effect of faults or the
influence of faults and single disturbance of abutment
pressure, while the multiple superimposed effects of the
lateral abutment pressure of the fault and the goaf and the
advance bearing pressure of the working face are less in-
volved [24–27].

Focusing on above problems and taking account of
actual geometrical conditions of the typical complex high-
stress roadway, No. 3318 working face haulageway, this
paper analysed the superimposed effects of the geological
structure and the lateral abutment pressure of adjacent goaf
and considered the combined influences of advance abut-
ment pressures from the working face and lateral abutment
pressures from the goaf. (erefore, the stress distribution
features and deformation and fracture characteristics of the
roadway under complex high-stress conditions were ob-
tained, paving the way for other stability studies of un-
derground structures in complex high-stress fault areas with
similar conditions.

2. The Basic Geometrical Conditions of
Complex High-Stress Roadway

2.1. &e Overview of No. 3318 Working Face Haulageway.
Figure 1 shows the layout of the 3318 working face.(e 3318
working face is located between the Huangqiao East fault
and the Huangqiao fault. (e length of the working face
changes with the distance between these two faults: the
working face length is reduced from 128m at the time of
initial mining to about 40m at the end of mining. Specif-
ically, the north side of the 3318 working face haulageway is
the goaf of 3302 upper working face. (e space between
these two working faces is about 60m wide, where the
Huangqiao East fault is developed inside.

3318 working face haulageway takes the responsibilities
of coal transportation, pipeline laying, equipment installa-
tion, ventilation, pedestrians, etc. during the extraction of
3318 working face. (e roadway was designed to be about
1030m and 2 years of service life. (e roadway was arranged
inside of the 3 lower coal seam and was driven along the coal
seam floor. (e elevation of the roadway was about +40m
relative to the ground level, and −320m relative to the
underground level, with the maximum depth of the roadway
of about 360m below the surface. (e roadway adopted a
rectangular section. Specifically, the size of extracted section
was 16m2, with dimensions of 5000mm (width) by 3200m
(height); the net area of the roadway section was 14.88m2,
with dimensions of 4800mm (width) by 3100mm (height).
(e thickness of the coal seam varied between 3.50 and
4.50m, with an average of 4.00m. (e immediate roof of
coal seam was an interbedded layer of mudstone and

siltstone and the main roof was mainly siltstone and fine
sandstone, while the immediate and main floor were
mudstone mixed with sandy mudstone and fine sandstone,
respectively.

2.2. Instability Characteristic of 3318 Working Face
Haulageway. Under the superposition of fault structure,
lateral abutment pressure, and supporting pressure of the
working face, significant deformation appeared in 3318
working face transport roadway (as shown in Figure 2). (e
characteristics of instability were as follows: the roof was
completely sunken, accompanied with wrinkle deformation
(as shown in Figure 2(a)); two sides strongly converged,
while convergence of the side near to the goaf was larger than
that of the side near to the working face (as shown in
Figures 2(b) and 2(c)), showing a significant asymmetric
deformation feature; the roadway had a strong floor lift, with
the maximum deformation being more than 800mm. (e
cracks that developed on the floor were visible, and floor lift
had also some asymmetrical features; that is, the maximum
position of the floor deformation was closer to the side of the
working surface (as shown in Figure 2(d)).

According to the instability characteristics of the
roadway, under the superposition of multiple disturbance
stresses, the overall sinking of the roof, strong inside con-
vergence of the two sides and asymmetrical deformation
characteristics of the serious floor lift indicated that it was
difficult to reach a stable state for the roadway during the
service life. (erefore, it was urged to have a thorough study
of stability characteristics of the roadway.

3. Stress Distribution Characteristics of
Roadway near Fault under Lateral
Abutment Pressure

To investigate the stability of surrounding rocks of such
stressed roadways, a Flac3D three-dimensional numerical
analysis model with dimensions of 300m (length) by 200m
(width) by 200m (height) was established (shown in Fig-
ure 3). (e surrounding sides of the model were set as fixed
velocity boundaries, the bottom boundary was the fixed
displacement boundary condition, and the top was the stress
boundary condition applied with uniform load of 6.5MPa,
simulating the weight of the overlying rock layer with 260m
thickness. (e 3318 working face and its mining roadways
were located in the middle part of the model, where the
horizontal distance between the transport roadway and the
fault was 20m, and the horizontal distance from the edge of
the adjacent goaf was 60m. At the same time, the adjacent
working face is modelled by semi-infinite mining method;
that is, the adjacent goaf is located at the left boundary of the
model. (e mesh stress and deformation iterations in the
model used the Mohr–Coulomb strength criterion.(e fault
was simulated by the interface command with the sliding
mode turned on. According to the field geological data and
the test results of physical and mechanical property indexes
of rock core, and according to the RMR system classification
of engineering rock mass, the calculation parameters of this
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numerical analysis are reduced according to the relevant
formula. Table 1 shows the calculation parameters of sur-
rounding rock mechanics after weakening according to the
classification of engineering rock mass.

3.1. Stress Distribution Law of Rock Mass near the Fault Area.
To the 3318 working face transportation roadway of
Xuchang Coal Mine, it was strongly influenced by the
normal fault nearby and showing the stress distribution
characteristics of the normal fault zone; that is, the rockmass
stress near the fault decreased slightly, and the phenomenon
of stress discontinuity occurred at the fault contact surface,
as shown in Figure 4. Along the contact surface between

hanging wall and footwall, the maximum difference of
principal stresses in the same horizontal plane reached
0.5MPa, and concentration of stress appeared at the floor of
hanging wall of the fault, while the stress decreased at the
bottom of the footwall, showing the influence regulations of
the normal fault on the stress of the rock stratum near the
roadway.

3.2. StressDistribution Laws ofNear-Fault Roadwayunder the
InfluenceofLateralAbutmentPressure. After the structure of
fault and the lateral abutment pressure exerted by adjacent
working face became gradually stable, the roadway was
excavated in the numerical model and the stress distribution

(a) (b)

(c) (d)

Figure 2: Instability characteristics of haulageway.
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Figure 1: (e layout of haulageway of 3318 working face.
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law of surrounding rock is shown in Figure 5. (e vertical
stresses of the floor and roof rock layers of the roadway were
significantly reduced, wherein the stress reduction range of
roof was about 2.4m and that of floor was about 2.6m.
Vertical stress concentration occurred in both sides of the
roadway. (e peak stress concentration of the left side was
4m away from the surrounding rock surface of the roadway,

with peak value being 14.9MPa. It should be noted that this
concentrated stress disturbance region and the concentrated
stress area of the fault zone were connected. Because the
concentrated stress near the fault was mainly influenced by
the lateral abutment pressure of the goaf adjacent to the 3302
working face, the left side of 3318 working face haulageway
was strongly influenced by the abutment pressure of

Table 1: Each layer of rock physical and mechanical parameters in model.

Rock stratum Density (kg/m3) Tension (MPa) Friction (°) Cohesion (MPa) Bulk (GPa) Shear (GPa)
Sandstone 2600 40 42 1.60 8.4 3.00
Siltstone 2400 5.6 30 1.50 1.9 0.90
Coal 1380 1.9 28 0.12 0.9 0.09
Sandy mudstone 2400 6.0 35 1.20 1.9 0.80
Sandstone 2600 35 45 1.60 8.8 6.20
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protective coal pillars, which promoted the stress concen-
tration factor to be 1.7. In addition, the vertical stress peak of
the right side of the roadway was 3.2m away from the
surrounding rock surface of the roadway, with the peak
value of concentration stress and concentration factor being
14.6MPa and 1.66, respectively. (e concentrated stress
distribution range of the right surrounding rock was also
smaller than that of the left side.

Compared to the stress distribution in surrounding rock
of the air-return roadway of the 3318 working face which was
not affected by the fault structure and the lateral abutment
pressure (shown in Figure 6), under the influence of the stress
superposition, the stress reduction range of the roof of 3318
working face haulageway was reduced by about 1m, while the
distance between the concentrated stress peaks of the two
sides and the surface of the roadway was reduced by
0.2–0.6m. At the same time, the peak stress concentration of
the surrounding rock of both sides increased by about
11MPa. It was shown that the lateral abutment pressure of
the adjacent goaf had an influence range of more than 80m.
Although there was a tensile normal fault and discontinuity
of stress near the fault, the high abutment pressure still
significantly increased the surrounding rock stress of the 3318
working face, shifted the peak points of concentrated stress to
the surrounding rock surface of the roadway, and caused
strong deformation of the jointed rock mass on the surface of
the transport roadway. In addition, the stress distribution law
of the surrounding rock of the roadway showed a gradual
evolution from significant symmetry to asymmetry; that is,
left-sided surrounding rock near the fault was subjected to

higher concentrated stress, and the concentrated stress dis-
turbance range was larger. (e above analysis well explained
the reason for the asymmetric deformation characteristics of
the 3318 working face haulageway from the perspective of
stress distribution.

4. Stability Characteristics of Surrounding
Rock in Complex High-Stress Roadway

4.1. Stress Distribution Law of Surrounding Rock in Complex
High-Stress Roadway. Figure 7 shows the vertical stress dis-
tribution of surrounding rock in complex high-stress roadway.
During the mining process of the 3318 working face, the roof
rock layer gradually bended and sank, and the overburden rock
load shifted to the surrounding rock of the roadway, forming a
semicircular concentrated stress zone in the surrounding rock
in the roadway and showing asymmetric characteristics.

According to the figure, the peak concentration of the
surrounding rock of the right side of the roadway reached
22.1MPa with the stress concentration factor being about
2.5, and the peak position was 5.5m away from the sur-
rounding rock surface of the right side; on the left side, the
stress concentration was slightly smaller. However, the peak
concentration of concentrated stress still reached about
21MPa, located at 4.5m away from the surface of the
surrounding rock. In addition, the surrounding rock stress
reduction areas in the floor and roof of the roadway were
both large (4m and 3.8m, respectively), and the stresses
dropped significantly in the range of 0–3m in floor and roof,
lower than 2MPa.

5.3304E + 05
–3.0000E + 05
–1.2000E + 06
–2.1000E + 06
–3.0000E + 06
–3.9000E + 06
–4.8000E + 06
–5.7000E + 06
–6.6000E + 06
–7.5000E + 06
–8.4000E + 06
–9.3000E + 06
–1.0200E + 07
–1.1100E + 07
–1.2000E + 07
–1.2900E + 07
–1.3800E + 07
–1.4700E + 07
–1.5600E + 07
–1.6500E + 07
–1.7079E + 07

Contour of ZZ-stress
Plane110: on
Calculated by: volumetric averaging

Figure 5: (e vertical stress distribution of surrounding rock in the haulageway of No. 3318 working face.
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Compared with stress state of surrounding rock of the
3318 working face before the mining operations (shown in
Figure 5), the concentrated stress range of the two sides had
significantly developed, especially for surrounding rock on
the right side. (e peak of concentrated stress increased
sharply from 14.6MPa to more than 22MPa. And the
concentrated stress strongly affected the area from a circular
area with a radius of about 3m to a semicircular area with a
radius of about 20m (approximate arc-shaped distribution
in the illustrated section), resulting in right-wall sur-
rounding rock being strongly influenced by the superpo-
sition of lateral support pressure and presupporting
pressure, which accelerated the instability of rock mass after
the peak pressure; at the same time, the peak of concentrated
stress of left-side surrounding rock also increased signifi-
cantly from 14.9MPa to about 21MPa, and the concentrated
area and stress peak influencing area expanded from a
circular area with a diameter of about 4m to a semicircular
area with a diameter of about 18m, and the range of high
concentrated stress was also rapidly expanded.

4.2. Deformation Law of Surrounding Rock in Complex High-
Stress Roadway. Figure 8 shows the deformation law of the
surrounding rock of two sides. (e deformation in X-di-
rection of different parts of two sides was different: defor-
mation of lower part was larger than those of middle area
and upper area, being 520mm, 270mm, and about 100mm,
respectively; in the stabilization process of surrounding rock,
the lower-middle part was significantly affected by the

displacement of the surrounding rock of the goaf; that is,
during the steps from 3300 to 6000, the deformation of the
surrounding rock of lower and middle increased from
320mm and 200mm to 520mm and 270mm, respectively.
Within the range of 0–2m near the surface of the sur-
rounding rock, deformations of lower-middle-upper three
parts of two sides were all significantly reduced. (e max-
imum change occurred in the lower part, followed by the
middle and the top areas; in the range of 2–4m, the sur-
rounding rock of the two sides had a small deformation, less
than 70mm. (e deformation beyond 4m was relatively
small and finally stabilized at around 10mm. (erefore, the
strong influencing zone of the surrounding rock of two sides
is in the range of 0–2m, while the deformation of the
surrounding rock in the range of 2–4m is relatively small.

Figure 9 shows the deformation laws of surrounding
rock of roadway roof at different areas. During the stability
process of surrounding rock in the 3318 working face
transportation roadway, the deformation process of the
surrounding rock in the z-direction was similar to that of the
left side. In step 3300-6000, the deformation of the sur-
rounding rock increased sharply. At the same time, the
deformation of the surrounding rock of the roof presented
weak symmetrical distribution along the midline, wherein
the deformation at the intersections of roof and two sides
was relatively small and the deformation trends are similar;
both increased from the initial 220mm to 530–540mm.(e
deformations of three positions in the roof were uniform and
relatively large, increasing from initial 220mm to 650mm or
even more.
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Figure 6: (e vertical stress distribution of surrounding rock in the air-return roadway of No. 3318 working face.
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With the increase of the distance from the surface of
roof, the deformation of the surrounding rock fluctuated
significantly, and the deformation of the surrounding rock

changed sharply in the range of 0–2m. (e trend of the
surrounding rock deformation was consistent at the three
locations of the roof and the deformation at the 2m position
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Figure 7: (e vertical stress distribution of surrounding rock in complex high-stress roadway.
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was reduced to about 600mm, indicating that the roof strata
in the range of 0–2m occurred a 40–50mm separation; the
deformation of the roof rock mass in the range of 2–6m was
consistent, indicating little separation has occurred; the
surrounding rock within the range of 6–10m was influenced
by the sinking of the main roof strata, resulting in a slight
increase of deformation.

According to Figure 10, the deformation at the inter-
sections of roof and two sides was relatively large, about
140mm and 170mm, respectively. (e deformation of the
middle-lower part of the left side was relatively small, only
about 48mm, while that of the right side reached 80mm. In
addition, with the increase of the distance from the surface of
the floor, there was no significant change at the intersections
of roof and two sides, while the other parts changed sharply
in the range of 0–4m, wherein at depth of 0.5m, the sur-
rounding rock on the right side of the floor showed the
points with zero displacement. It was therefore shown that,
in the 0–4m range, the floor stratum had significant tensile
and shear failure characteristics and significant asymmetric
deformation trend along the midline.

(e analysis of the stress distribution laws of the sur-
rounding rock of the roadway showed that the floor strata of
the roadway were affected by the triangular block rotation
movement from the goaf side of 3318 working face. (e
deformation of the surrounding rock of the floor was sig-
nificantly increased by more than 100mm, especially at
middle-left, middle, and middle-right locations of the floor
where variation and deformation of surrounding rock were
strongly influenced. Before the influence of the advance
abutment pressure of the 3318 working face, zero defor-
mation points in surrounding rock existed in the middle and
middle-left areas of the floor. However, after being subjected
to the influence of the advance abutment pressure, the above
two areas deformed to the direction of goaf.

5. Conclusion and Prospect

Under the superimposed influences of the lateral abutment
pressure of goaf and abutment pressure of adjacent working
faces and fault structure, the surrounding rock of roadway
shows the following characteristics:

(1) (e vertical stress of the floor and roof of the
roadway was significantly reduced and the stress
concentration areas of the two sides and fault area
were penetrated. Furthermore, the stress peak shifted
to the surrounding rock surface of the roadway and
the stress distribution law changed from significant
symmetry to asymmetrical feature.

(2) (e stress field in surrounding rock of the roadway
was strongly influenced by the bending and sinking
of the roof strata, the overburden load was trans-
ferred to the surrounding rock of the roadway, and
an asymmetric circular concentrated stress zone was
formed in the surrounding rock of the two sides.

(3) (e roof, floor, and both sides of the roadway are
characterized by sudden increase, violent fluctuation,
and strong asymmetry. At the same time, influence

of the advance abutment pressure on deformation in
different parts of roadway was significantly different.

(e deformation of roadway surrounding rock may be
significantly different due to the different nature of fault and
the lateral abutment pressure of goaf. Due to the length of an
article, this paper has not carried out the research on the
movement and deformation law of roadway surrounding
rock under the influence of reverse fault. (erefore, in the
future, the stability of surrounding rock of complex high-
stress roadway under the influence of reverse fault will be
further studied.
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