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Roof control is one of the eternal themes of mine pressure theory, and it is also a key step of roadway formed by roof cutting. Based
on the analysis of abutment pressure distribution, the viewpoint of controlling roadway roof by roof cutting distance is put forward
according to the failure limit of roadway roof, and the calculation method of roof cutting distance is given. Based on the Qiuji coal
mine’s background, the numerical and field test study is conducted to verify the theoretical analysis, and the allowable variation
range of roof cutting distance is obtained. The research shows that the roof cutting distance, abutment pressure, and roadway
deformation are closely related. By controlling the roof cutting distance, the roadway roof can be placed in the low-stress area,
the roadway deformation can be reduced, and the support cost can be saved. This study provides a theoretical basis for
explaining the roadway’s abnormal mine pressure and controlling the roadway roof by roof cutting.

1. Introduction

Coal is one of the most important energy sources, accounting
for about 30% of global consumption [1]. However, due to
the exploitation in past decades, coal resources are quickly
exhausted, and the development of coal mining tends to
improve resource recovery [2]. In the process of coal
resources recovery, the protective coal pillars reserved to iso-
late gob for safe production have been a major cause for a low
recovery rate [3]. Therefore, the gob-side entry retention
technology without coal pillar is put forward and widely
used. The roadway retaining along gob filling is mainly to fill
artificial materials or gangue instead of coal pillars along the
edge of the roadway in the mining area [4]. However, this
method does not change the transfer structure of roof stress,
so it is difficult to solve the problems of filling rock pillar and
roadway stability, which seriously restricts its development
and application [5]. Accordingly, the technology of gob-
side entry retaining formed by roof cutting and pressure

release [6, 7], which means drilling hole and installing explo-
sives in the roadway roof near gob and then implementing
roof presplitting with directional energizing blasting technol-
ogy. After the working face passing through, the slap pre-
venting gangue should be timely adopted to avoid the slip
of broken roof into the roadway. At the same time, the
gangue will fill the gob and provide support for the roof of
the roadway. The principle is shown in Figure 1.

Roof cutting can change the roof structure and inevitably
influence the gate road stability in the postmining stage. In
the past, the roof splitting technique is mainly used to address
mining accidents through blasting or hydraulic fracturing
[8–11]. For example, Wang et al. [8] used deep-hole split
blasting to prevent roof-weighting accidents in shallow depth
seams. Wang et al. [9] applied hydraulic fracturing to address
hard roof problems. Konicek et al. [10] adopted a destress-
blasting method to reduce the risk of rock bursts. All of these
studies suggest that transforming the rock structure is a fea-
sible approach for controlling roof stability.
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Besides, roof cutting is aimed at blocking the stress
transfer between the working face and the roadway roof
to make, the roadway be in the low-stress area. Therefore,
it is a necessary condition to figure out the stress distribu-
tion of working face roof. Relevant studies have been car-
ried out by many scholars. Zhang et al. [12, 13] mainly
apply continuum theory, elastic theory, and damage
mechanics to study the distribution characteristics of abut-
ment pressure and gradually consider the effect of rock
beam movement on the evolution characteristics of abut-
ment pressure. Yu et al. [14–16] used experimental
method, similar material simulation, numerical simulation,
and other methods to study the distribution characteris-
tics, influence range, peak position, and the change rule
of abetment pressure with the roof’s movement. Mean-
while, the microseismic monitoring and stress dynamic
monitoring systems were used to reveal advanced abut-
ment pressure distribution [17, 18]. The above research
enables scholars to have a deeper understanding of the
stress distribution of working face roof. However, few
studies were carried out on the method of controlling
the roof cutting distance, which can minimize the influ-
ence of working face roof stress on roadway roof and save
the support cost. In practical engineering, the roof cutting
distance is usually determined by referring to experience.
However, due to the complexity and uniqueness of geolog-
ical conditions, the empirical determination method is not
portable.

In the present study, a calculation method of reason-
able roof cutting distance to maintain the retained entry
was proposed, and the roof failure mechanism and influ-
ence of roof cutting distance on the stability of roadway
roof was focused on. First, the roof’s stress distribution
and failure mechanism were analyzed, and the calculation
method of the roof cutting distance was obtained. Then, a
numerical test on the influence of different roof cutting
distances on the surrounding rock was carried out to ver-
ify the proposed calculation method. Meanwhile, the per-
missible variation range of the roof cutting distance was
obtained. Finally, field tests were carried out in the Qiuji
coal mine to verify the results further. The research results
have positive significance to further popularizing the gob-
side entry retaining technology formed by roof cutting and
pressure release.

2. Roof Pressure Analysis

The advanced area of gob-side entry is affected by the mining
of the working face, especially for the hard roof, the abutment
pressure is large, and the influence range is wider [19]. Mean-
while, if the roof caving of the adjacent working face is not
sufficient, the stress concentration will occur in the roadway’s
surrounding rock. Therefore, the high stress in the advanced
area of the roadway makes the strong mine pressure phe-
nomenon frequent.

Gu et al. proposed that the load of the overlying rock
layer can be divided into incremental stress and uniform
stress, as the solid red line shown in Figure 2 [20]. Setting this
peak pressure as the boundary, its front foundation is in the
elastic area, and the behind foundation is in the plastic area.

In fact, the coal body still has the bearing capacity after
yielding [21], but using the exponential function to describe
the advanced abutment pressure is relatively complicated.
To simplify the calculation and emphasize the influence of
the stress concentration factor, a multisection straight line
is used to describe the advanced abutment pressure of the
main roof, as the blue dotted line shown in Figure 2. There-
fore, by taking the position of the coal wall as the origin of
the coordinate, the load behind the peak of the abutment
pressure can be obtained:

σz =
σb −N0

xb
x +N0, ð1Þ

where σb is the maximum residual stress of the coal, MPa; N0
is the overburden load, MPa; xb is the length of the coal
crushing zone, m.

According to experimental observations in fully mecha-
nized caving mining, it can be known that the vertical defor-
mation of the roof does not develop linearly but has the
characteristic of the power function [22]. The yield in the
elastic zone satisfies the Mohr-Coulomb criterion; therefore,
the vertical elastic deformation of the main roof can be
expressed by Equation (2):

Z1 = a1x
b1

Z2 = a2x
b1

)
 , ð2Þ

where x is the distance of a certain point, m; Z1 is the vertical
displacement, m; Z2 is the lateral displacement, m; a1, b1, and
a2 are undetermined constants.

The deformation of the rock mass is related to the length
in the direction of applied force. However, there are rock
layers above and below the main roof to limit its vertical
deformation. Therefore, only the influence of the load on
the main roof’s deformation is considered. According to the
Mohr-Coulomb criterion in the elastic state [23], we can get

a2 =
a1
α
, ð3Þ

where α = ν/1 − νtg2ð45∘ + φ/2Þ + 1.

Figure 1: Schematic diagram of roadway formed by roof cutting
and pressure releasing.
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According to the ratio of transverse strain to the vertical
strain of the roof, the length of the elastic area can be
obtained:

Δx = h 1 − νð Þ
ν2tg2 45∘ + φ/2ð Þð Þ + ν − ν2

, ð4Þ

where ν is the rock’s Poisson’s ratio.
By substituting the peak point pressure (KγH) into

Equation (1), the distance between the peak point and the
working face can be obtained. Then combining with Equa-
tion (4), when the abutment pressure is restored to the orig-
inal rock stress, the distance between the working face and
the position can be obtained. Equation (5) can be obtained
according to the pressure and position of the peak point
and the position where the abutment pressure reaches the
original rock stress.

σz = kγH + k − 1ð ÞγH ν2tg2 45° + φ/2ð Þð Þ + ν − ν2
� �

h ν − 1ð Þ
� x −

xb kγH −N0ð Þ
σb −N0

� � ð5Þ

Equations (1) and (5) can describe the roof bearing pres-
sure distribution, which lays a foundation for roof pressure
analysis.

3. Roof Model Establishment and Motion
Law Analysis

3.1. Stress Model of Roadway’s Main Roof. The roof above the
working face and the roof above the roadway are integral
structures before the roof cutting [24], so the roof’s pressure
distribution is the same. However, the existence of a roadway
causes the stress to be released or transferred through the
deformation of the surrounding rock [25]. Meanwhile, after
roadway excavation, the immediate roof usually deforms

greatly and is separated from the main roof. Under the influ-
ence of mining, the separation will be further intensified so
that the immediate roof cannot support the main roof [26].
Besides, related studies show that the bearing capacity of
the hard roof is strong, and the advanced area can be sup-
ported only by a hydraulic prop or without support [27].
However, the hydraulic prop cannot act directly on the main
roof, so it cannot restrict the main roof’s deformation and
fracture [28].

Based on the above analysis, it is assumed that (1) the
main roof of the roadway does not deform. (2) The roof
cutting distance is smaller than the influence range of
advanced abutment pressure. As shown in Figure 3, the
force model of the main roof is established where q0 is
the stress of the main roof; qs is the stress of primary rock;
t is the abutment pressure coefficient; h is the main roof’s
thickness.

Because the roadway roof and the working face roof are
cut off by roof cutting, the roof stress transmission can be
cut off effectively; thus, the roof cutting area will not be
affected by the advanced abutment pressure. The small stress
of the roadway roof and the stable surrounding rock helps
achieve excellent gob-side entry retaining automatically
formed by roof cutting and pressure release. The section’s
roadway roof is not the focus of this article, so its mechanical
characteristics will not be described in detail.

For the uncut roof area, part of the main roadway roof is
within the influence range of the advanced abutment pres-
sure, as shown in Figure 3. Taking the unit width within
the influence range of advanced abutment pressure, and tak-
ing the sum of the width of the roadway and the length of
roof fracture in the solid coal as the length of the rocking
beam, the beam model of the main roof with fixed-
supported at both ends can be established, as shown in the
dashed box in Figure 3.

3.2. Analysis of the Failure Process of the Main Roof of the
Roadway. The mechanical model of dotted frame in
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Figure 2: Schematic diagram of roof abutment pressure.
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Figure 3 is taken as the research object, and the deflection for-
mula under vertical load (including own weight) is

ω = − qst + γjh
� � y2 y − lð Þ2

24EI , ð6Þ

where E is the elastic modulus of the main roof, GPa; I is the
inertia moment of the rock beam section, m4; γj is bulk den-
sity of the main roof, kN/m3; y is the distance to one side of
the beam, m; l is the length of the fixed beam, m.

Under the action of external force, both ends of the fixed
beam will appear stress concentration, which will lead large
shear stress and tensile stress to reach the allowable stress
easily [29, 30]. Then, the tensile failure will occur at both ends
of the fixed beam, and the tensile stress at the end is

σ = M
W

, ð7Þ

where M is the bending moment of the middle part of the
roadway roof, N·m; W is the bending section coefficient of
the roadway roof, W = h2/6.

The vertical force is regarded as the uniform load, and the
bending moment at the end of the fixed beam at both ends
can be obtained by structural mechanics as follows:

M = 1
12 qst + γjh

� �
l2: ð8Þ

By substituting Equation (8) into Equation (7), the tensile
stress when the ends of the fixed beams fail is

σ =
qst + γjh

� �
l2

2h2
: ð9Þ

When the tensile stress at the end is greater than the
allowable stress, the fixed end will undergo tensile failure,

and the fixed rock beam will be transformed into a simple
support beam. At this time, let t = tg, then tg is

tg =
2h2 σt½ � − γjhl

2

qsl
2 : ð10Þ

The end of the simply supported beam cannot bear ten-
sile stress, and the maximum tensile stress is transferred to
the middle and lower edge of the rock beam. At the same
time, the pressure will be released after the failure of the fixed
end. Here, the vertical load is 1/2 of the original load. The
deflection formula and the tensile stress at the bottom edge
of the middle part of the simple support rock beam can be
obtained as follows:

ω = − qst + γjh
� � y4 − 2ly3 + l3y

� 	
48EI ,

σ =
3 qst + γjh
� �

l2

8h2
:

ð11Þ

When tensile failure occurs at the middle and lower edge
of a simply supported beam, let t = tg, then tz is

tz =
8 σt½ �h2 − 3l2γjh

3qsl2
: ð12Þ
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Figure 3: Strike direction main roof force model.

Table 1: Criteria for judging roadway roof state.

State of
rock
beam

Fixed two
end beam

Critical
state

Simply
supported
beam

Critical
state

Failure

t t < tg t = tg tg < t < tz t = tz t > tz
ω ω < ωg ω = ωg ωg < ω < ωz ω = ωz ω > ωz
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When t = tg, ω = ωg; when t = tz , ω = ωz ; the judgment
criteria of roadway main roof structure can be obtained, as
shown in Table 1.

3.3. Determination of the Roof Cutting Distance.According to
Equation (12), the roof failure abutment pressure coefficient
can be obtained. Combined with Equation (5), the distance
(X) from the farthest failure site to the working face can be
obtained as:

X = xb kγH −N0ð Þ
σb −N0

+ h 1 − νð Þ
ν2tg2 45° + φ/2ð Þð Þ + ν − ν2

×
3kqsl2 − 8 σt½ �h2 + 3l2γjh

3qsl2 k − 1ð Þ

ð13Þ

However, the advanced abutment pressure moves for-
ward with the coal seam mining, and the daily mining length

and roof cutting frequency should also be considered. Deter-
mine the roof cutting distance (D) as follows:

D = X +Vd, ð14Þ

where V is the advanced cutting frequency; d is the daily
mining progress, m.

In order to summarize the derivation of the pressure dis-
tribution of the advanced abutment pressure and the
advanced cutting distance and relationship between formu-
las, the derivation flowchart is given in Figure 4.

4. Simulation Test of Roof Motion Law

Based on the above analysis, this paper will use numerical
simulation to analyze the advanced abutment pressure distri-
bution of the main roof. Meanwhile, the vertical displace-
ment of the roadway roof and the change law of the plastic
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Figure 4: Flow chart of the derivation of the roof cutting distance.
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zone under different roof cutting distances will also be analyzed.
Then, the optimal roof cutting distance can be determined.

4.1. Model. FLAC3D simulation software is used to establish a
numerical calculation model, as shown in Figure 5. Themodel
size is 170m ðlengthÞ × 150m ðwidthÞ × 75m ðheightÞ, the
roadway height is 2m, width is 4m, and the vertical height
of the cut seam is 8m with an angle of 15°. The vertical down-

ward stress is applied to the upper boundary of the model, the
bottom is fixed, and both sides’ horizontal displacement is
restricted [31, 32]. The Mohr-Coulomb model is adopted.
The material parameters of the rocks are selected based on
geological conditions in Section 5.1. Rock samples are col-
lected from the site, as shown in Figure 6, and the rock param-
eter mechanics experiment is conducted, so as to obtain rock
mechanical parameters, as shown in Table 2.

75 m
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Medium sandstone

Sandstone

Fine sandstone and siltstone
Siltstone

Siltstone

Mudstone

Mudstone

Mudstone

Limestone

Limestone

Cutting line
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Cutting line
Cutting lineCutting line

Coal

Coal
Clay rock

Roadway
Roadway
Working face

Cutting line
Cutting line

Figure 5: Numerical model.

Axial extensometer

Lateral extensometer

Rock sample

Figure 6: Rock mechanic parameter test.

6 Geofluids



4.2. Distribution Law of Abutment Pressure. Figure 7 illus-
trates a cloud diagram of the advanced abutment pressure
after 20m of working face excavation.

It can be seen from Figure 7 that the advanced abutment
pressure of the main roof of the working face increased rap-
idly to a peak of about 12.1MPa at about 8.5m in front of the
coal wall. Then, the advanced abutment pressure dropped to
7.2MPa about 33m from the working face, equaling to the
stress of primary rock. At the same time, the main roof above
the roadway started to grow from the position of the coal
wall, reached a peak at 8.5m in front of the coal wall, and
then began to fall until reaching a smooth at about 33m in
front of the coal wall. The results show that the change law
is the same as the theoretical analysis.

4.3. Influence of Roof Cutting Distance on Roof Movement

4.3.1. Determination of the Lower Limit of Roof
Cutting Distance

(1) Simulation Results of Vertical Displacement of Roadway
Roof. The vertical displacement of the roof of the roadway
in the uncut roof area under the condition of different roof cut-

ting distances was simulated, and the measuring points were
arranged at 2m, 5m, 10m, 15m, and 20m in front of the roof
cutting area. The simulation results are shown in Figure 8.

(1) When the roof was cut 10m ahead, the vertical dis-
placement of the main roof at 2m, 5m, and 10m in
front of the roof cutting area was 42mm, 37mm,
and 30mm; and the vertical displacement of the
immediate roof was 45mm, 38mm, and 35mm,
respectively; the vertical displacements were both rel-
atively large. The vertical displacements of the main
roof at 15m and 20m in front of the roof cutting area
was 12mm and 9mm, respectively, and the vertical
displacements of the immediate roof were 17mm
and 15mm, respectively, the vertical displacements
were both small.

(2) When the roof was cut 16m ahead, at 2m in front
of the roof cutting area, the vertical displacement
of the main roof and the immediate roof was 26
mm and 32mm, respectively, which is a large ver-
tical displacement. From 5m to 20m ahead of the

Peak stress

Gob main roof

Cutting line
Mining direction

Front main roof
of working face

Roadway

Area of stress
variation

24.5 m

8.5 m

Stress (MPa)

–0.7

–3

–5

–7

–11

Figure 7: The distribution of advanced abutment pressure.

Table 2: Physical and mechanical parameters of coal.

Lithology
Bulk modulus

(GPa)
Shear modulus

(GPa)
Tensile strength

(MPa)
Cohesion
(MPa)

Internal friction angle
(°)

Density
(kg·m-3)

Medium
sandstone

7.21 4.8 1.2 2.8 27 2560

Siltstone 4.3 2.1 1.8 1.5 27 2630

Mudstone 2.8 1.1 1.1 1.5 23 2250

Limestone 5.4 2.8 4.5 3.1 28 2650

Coal 0.9 0.6 0.8 1 23 1420

7Geofluids



roof cutting area, displacement of the main roof
was reduced from 13mm to 8mm, while the verti-
cal displacement of the immediate roof was
reduced from 19mm to 12mm; the vertical dis-
placement of the roof was small.

(3) When the roof was cut 21m ahead, the vertical dis-
placement of the roadway roof in front of the roof
cutting area was small, the vertical displacement of
the immediate roof was about 14mm, and the verti-
cal displacement of the main roof was about 8mm.

From the above analysis, it can be seen that when the roof
was cut 21m ahead, the impact of the high-stress area of the
advanced abutment pressure on the roadway roof can be
avoided.

(2) Simulation Results of the Plastic Area of Surrounding Rock
of Roadway Roof. Under different roof cutting distances, the

plastic zone change in the uncut roof area was simulated.
The plastic zone of the roadway at 2m, 5m, 10m, 15m,
and 20m in front of the roof cutting area was analyzed.
The simulation results are shown in Figure 9.

According to Figure 9, when the roof cutting is 10m in
advance, in the range of 15m in front of the roof cutting area,
the area of solid coal of the roadway reentering the plastic
zone is larger, and the area of reentering the plastic zone is
smaller after 15m. When the roof cutting is 16m in advance,
in the range of 5m in front of the roof cutting area, the area of
solid coal of the roadway reentering the plastic zone is larger,
and the area of reentering the plastic zone is smaller after 5m.
When the roof cutting is 21m in advance, the area of solid
coal reentering the plastic zone in the roadway ahead of the
roof cutting area is small.

According to the above analysis, it can be concluded that
when the roof is cut 21m in advance, the roof stress in front
of the roof cutting area is small, which is conducive to the

Displacement (mm) Displacement (mm) Displacement (mm) Displacement (mm) Displacement (mm)

2 m in advance 5 m in advance 10 m in advance 15 m in advance 20 m in advance

34
20
10
0
–10
–20
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–42

27
20
10
0
–10
–20
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–36

21

10

0

–10

–20

–30

12

5

0

–5

–10
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–21
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0

–5

–10

–14

(a) Roof cutting 10m
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2 m in advance 5 m in advance 10 m in advance 15 m in advance 20 m in advance

19

10

0
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5

0
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–15
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5

0

–5

–10

–13
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5

0
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(b) Roof cutting 16m

Displacement (mm) Displacement (mm) Displacement (mm) Displacement (mm) Displacement (mm)
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5
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(c) Roof cutting 21m

Figure 8: Simulation test results of roof displacement.
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stability of the roadway roof and surrounding rock, realizing
excellent gob-side entry.

4.3.2. Determination of the Upper Limit of the Roof Cutting
Distance. The roof cutting reduces the vertical constraint on
the roadway roof and makes the roadway roof become a can-
tilever structure [33], which is easy to produce a large vertical
displacement at the cantilever end and affect the effect of the
gob-side entry. To highlight the roof deformation law in the
cut area of the roadway roof, the vertical displacement of
the roof of the roadway without support in the mining area
was simulated under the condition of different cutting dis-
tances of the roadway roof. The cantilever displacement with
the largest variation is taken as the reference quantity, and its
variation rule is shown in Figure 10.

It can be seen from Figure 10 that with the increase of the
advanced cutting distance, the vertical displacement of the

roadway roof in the cutting area gradually increased. How-
ever, when the roof cutting distance was within 0-30 meters,
the deformation of the roof increased slowly. When the roof
cutting distance was more than 30m, the deformation of the
roof increased faster. Especially for the immediate roof, the
deformation increase was more obvious.

By comprehensively comparing and analyzing, it is
indicated that roof cutting can reduce advanced abutment
pressure on the roadway roof. However, the vertical displace-
ment of the roadway roof in the roof cutting area increases
with the roof cutting distance. When the cutting distance
was 21m, the influence of the advanced abutment pressure
can be effectively avoided, and the roof deformation was small.
In the 1102 working face of the Qiuji coal mine, 6.4m ismined
and cut roof every day, so the roof cutting distance is deter-
mined to be 27.4m. Meanwhile, the distance of roof cutting
can be adjusted according to the site construction, but it

2 m in advance 5 m in advance 10 m in advance 15 m in advance 20 m in advance

None
Shear-n shear-p

Shear-p
Shear-n shear-p tension-p

Shear-p tension-p
Tension-n shear-p tension-p
Tension-n tension-p

(a) Roof cutting 10m

2 m in advance 5 m in advance 10 m in advance 15 m in advance 20 m in advance

None
Shear-n shear-p

Shear-p
Shear-n shear-p tension-p

Shear-p tension-p
Tension-n shear-p tension-p
Tension-n tension-p

(b) Roof cutting 16m

2 m in advance 5 m in advance 10 m in advance 15 m in advance 20 m in advance

None
Shear-n shear-p

Shear-p
Shear-n shear-p tension-p

Shear-p tension-p
Tension-n shear-p tension-p
Tension-n tension-p

(c) Roof cutting 21m

Figure 9: Simulation test results of plastic area.
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cannot be reduced, and the increased length is best controlled
within 2.6 meters.

5. Engineering Verification

5.1. Geological Conditions. The lower group of coal in the
Yellow River North Coalfield cannot be mined because
of the Ordovician water, and nearly 10 billion tons of coal
resources need to be liberated. Qiuji coal mine belongs to
the Yellow River North Coalfield and is located in Jining
City, Shandong Province, China, and it has nearly 200
million tons of coal to be liberated. Therefore, the roof
and floor of 11 coal were grouted in the Qiuji coal mine,
to be mined. The working face 1102 is the first mining test
face, and its mining mode is of great significance to the
subsequent coal mining. The buried depth of 1102 work-
ing face is H = 420 ~ 470m, the width is 52m, and the
length is 173m. The coal seam’s thickness is 1.86~2.45m
with an average of 2.02m, and the coal seam inclination
is 3° ~8° with an average of 4°. The immediate roof con-
sists of mudstone (upper part) and limestone (lower part)
with an average thickness of 1.14m for mudstone and
2.01m for limestone. The main roof is limestone with an
average thickness of 5.13m. The immediate roof and the
main roof belong to the hard roof with excellent integrity,
which causes the roadway’s surrounding rock to be greatly
affected by the dynamic pressure of the working face. The
immediate bottom is siltstone with a thickness of 5.56m,
and the 13 coal is under the immediate bottom with an
average thickness of 5.56m. The plan of 1102 working face
and columnar view of roof and floor strata are shown in
Figure 11.

5.2. Theoretical Calculation Results. Taking 1102 working
face of Qiuji coal mine as the background, the relevant
parameters are as follows: xb = 1:5m, σb = 4:12MPa, N0 =
2:4MPa, ν = 0:15, γ = 17:9 kN/m3, γj = 26:5 kN/m3, H =
380m, φ = 28°, h = 5:13m, qs = 6:8MPa, E = 95GPa, V = 1,
d = 6:4, and the parameters of sinking curve of the main roof

is a1 = 0:008, b1 = 2. According to the study of the stress of
the upper roof of the coal seam, the main roof’s stress con-
centration is less than the coal seam, and the peak abutment
pressure decreases with the vertical distance [34]. Therefore,
k is set as 1.9. Meanwhile, considering that fissures in the rock
reduce the rock’s strength, and the fracture of the main roof
occurs at the roadway side inside the coal [35, 36]. So, take
½σt� = 3:5MPa, l = 5m.

By substituting the parameters into Equations (1), (5),
(13), and (14), the following equation can be obtained: the
peak advanced abutment pressure of the main roof is 12.92
MPa, which appears 9.16m ahead of the working face, and
its influence range is 32.43m ahead of the coal wall. The
advanced cutting distance is 27.45m. The theoretical calcula-
tion results are in good agreement with the simulation
results.

5.3. Monitoring Point Layout. According to the above result,
the roof cutting distance is determined to be 28m, and the
field test is carried out in the 1102 working face of the Qiuji
coal mine. In order to verify the research results, monitoring
points are arranged in the roadway to monitor the roadway
surface displacement and roof separation and anchor axial
force in the process of mining, and the overall effect of roof
cutting is analyzed. The layout of monitoring points is shown
in Figure 12.

In Figure 12, subfigure a is the roof separation sensor and
anchor cable dynamometer to monitor the roof separation
amount and anchor cable axial force. The deep base point
and the shallow base point represent the installation posi-
tions of the two fluke of the roof separation sensor, and the
separation amount of the roof below the fluke is monitored,
respectively. Subfigure b is the roof and floor dynamic sensor
to monitor the convergence of the roof and floor. Subfigure c
is the laser range finder, monitoring the convergence of the
roadway side.

5.4. Roadway Surface Displacement. The surface monitoring
displacement curve is shown in Figure 13. It shows that the
advanced abatement pressure has little influence on the road-
way, and the roof and roadway side begin to deform at 15m
in the advanced working face. However, the roadway roof sub-
sidence and roadway side displacement are both small, while
the values are 12mm and 8mm, respectively. In the range of
0~18m behind the working face, the roadway deformation is
severe, and the deformation increases rapidly. When the work-
ing face is 18~40m behind, with the gob roof compaction, the
roadway deformation rate decreases until it tends to be stable.
Finally, the roadway’s roof subsidence is about 55mm, and
the roadway side displacement is about 41mm. In conclusion,
the roadway’s deformation is small, the surrounding rock is sta-
ble, and the effect of retaining the roadway is excellent.

5.5. Roof Separation. Figure 14 shows the change curve of the
roof separation of the on-site monitoring roadway. The ver-
tical red dotted line in the figure is the installation position
of the roof separation sensor in the roadway.

It can be seen from Figure 14 that with the working face
gradually close to the monitoring point, the separation
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amount of roadway roof in the cutting roof area and the
uncutting roof area were both small. After the working face
passed the monitoring point for a certain distance, the sepa-

ration amount of the roadway roof suddenly increased,
induced by the collapse of the immediate roof and the main
roof of the working face. By setting the immediate roof
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Figure 12: Roadway monitoring point layout.
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surface as the origin, the total convergence of the roadway
roof from 0 to 1m is 6mm, 9mm for the roadway roof from
0 to 5m, 15mm for the roadway roof from 0 to 7m, and 35
mm the roadway roof from 0 to11.5m. According to the
above analysis, it was indicated that the smaller convergence
of the roadway roof is, and the more stable the surrounding
rock is, which verifies the reliability of the roof cutting dis-
tance obtained by theoretical calculation.

5.6. Monitoring of Roadway Roof Anchor Cable Axial Force.
The axial force variation of roadway roof anchor cable is
shown in Figure 15.

As can be seen from Figure 15, when about 15m in
front of the working face, the anchor cable axial force
begins to increase, and when about 25m behind the work-

ing face, it increases to the peak value. The gob roof
deforms and caving behind the working face at 0~ 25m
resulted in the rapid increase of anchor cable pressure.
After 25m behind the working face, the anchor cable axial
force gradually decreased and finally stabilized with the
gradual compaction of the gob roof. When the anchor
cable axial force is stable, it indicates that the gob roof
has caved outside the cut suture and is compacted. Mean-
while, the peak value of the anchor cable axial force is rel-
atively small, which indicates that the pressure relief effect
of the roadway is excellent. The actual situation on-site
(Figure 16) also indicated that after the working face’s
progress, gob-side entry retaining formed by roof cutting
and pressure release was successfully realized.
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6. Conclusion

In this paper, a method of controlling the stability of the
roadway roof by changing the cutting distance is put forward.
The main research conclusions are as follows:

(1) According to the roof pressure distribution, a
mechanical model of roadway roof is established,
and the evolution process of roof failure is summa-
rized: fixed beam at both ends → simply supported
beam → failure. Meanwhile, the critical criterion of
structure evolution is given. Combined with the abut-
ment pressure distribution curve, the roof’s furthest
failure position in front of the working face is
obtained. The optimal roof cutting distance is the
daily mining length multiply roof cutting frequency
and then plus the length from the furthest failure
point to the working face.

(2) The roof cutting distance, advanced abutment pres-
sure, and roadway deformation are closely related.
The roof cutting distance is small, and the roof of
the gob-side entry is damaged under the action of
advanced abutment pressure. With the roof cutting
distance increase, the roof deformation of the gob-
side entry in the cutting area increases. Based on the
calculated results, the roof deformation in the cut
roof area increases slightly when the roof cutting dis-
tance increases within the range of 2.6m. However,
the reduction of the roof cutting distance will result
in large deformation of the roof in the uncut area.。

(3) Engineering verification is conducted in 1102 gob-
side entry in Qiuji coal mine. The monitoring results
and the field application effect show that the roadway
convergence is small, and the pressure relief effect is
significant. Therefore, the feasibility and effectiveness
of the calculation approach are verified.
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