
Research Article
Roadway Protection by Roof-Cutting in the Support Removing
Channel of the Long-Wall Mining Face

Xingyun Ren ,1 Bingyuan Hao,2 Hongwei Wang,1 Junjie Zhao,3 Ji Zhang,2

and Chen Zhang2

1School of Safety and Emergency Management Engineering, Taiyuan University of Technology, Taiyuan 030024, China
2School of Mining Engineering, Taiyuan University of Technology, Taiyuan 030024, China
3Shanxi Fenxi Mining Group Nanguan Coal Industry Co., Ltd., Lingshi 031307, Taiyuan, China

Correspondence should be addressed to Xingyun Ren; tyutrenxy@126.com

Received 29 October 2021; Accepted 21 March 2022; Published 16 April 2022

Academic Editor: Shaofeng Wang

Copyright © 2022 Xingyun Ren et al. )is is an open access article distributed under the Creative Commons Attribution License,
which permits unrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited.

Aiming at strong mining pressure and large deformation of surrounding rock in the main roadway, a mechanical model of the
advanced abutment pressure distribution in the long-wall mining face was established.)e main reason for the large deformation
of the surrounding rock in the main roadway was found to be unreasonable position of the stop line, which brings the main
roadway under the influence of mining operations.)erefore, on the premise of an unaltered stop line, the technique of cutting the
roof and use of pressure relief to protect the main roadway were proposed. )e technique will form a weak surface along the stop
line, blocking the rock layer from transmitting the abutment pressure. Engineering practice shows that by using the advanced roof
cutting and pressure-relief technique, the abutment pressure on the long-wall mining face is reduced and the main roadway
is protected.

1. Introduction

)emain roadways lie through the entire mine area and thus
require a long service life. Once the surrounding rock de-
forms and is destabilised, the productivity of the mine will be
affected, so the main roadways are required to be well
supported and the surrounding rock remains stable [1]. )e
main roadways are usually located along the centre of the
strike in mining areas and are affected by the mining of
nearby working faces. )e maintenance condition is affected
not only by natural factors such as strata properties and the
original stress state in the rock (the geostatic pressure), but
also by advanced mining pressure on working faces (the
dynamic pressure).)e advancedmining pressure arising on
a long-wall mining face consists of horizontal and vertical
pressures, and the vertical pressure exerts the most influence
on the surrounding rock. Wang et al. [2] investigated the
mechanical response and failure mechanism of pillars under
static pressure and dynamic pressure and found that vertical
dynamic pressure is crucial in terms of its influence on the

surrounding rock. Singh et al. [3] used a stress model to find
that the vertical stress poses a threat to support structures.
Kang et al. [4] assessed the influence on the surrounding
rock of a bolt-mesh-anchor-supported main roadway under
advanced abutment pressure and found that vertical loading
causes stretch-draw and shear sliding failure in roof strata of
main roadways. )erefore, in the present research, we focus
on vertical stress.

It is difficult to change once the mining system begins to
take shape on-site, and with the purpose of safety, there are
relatively wide pillars left on each of the two sides to confirm
the position of the stop line of the mining face. Based on
Critical Layer )eory and a Winkler Elastic Foundation,
Han et al. [5] analysed the distribution of advanced abut-
ment pressure in the working face and confirmed the width
of the protection coal pillar of the main roadway according
to the influence range of advanced abutment pressure. Gu
et al. [6] gave the calculation formula of coal pillar loading
and confirmed the method of pillar width based on analysis
of stress and loading of working faces in the final mining
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stage. )e purpose of wide pillars is to increase the distance
between main roadways and working faces, so that the
influence on main roadways caused by dynamic pressure is
attenuated, but this method not only leads to a significant
waste of coal resources and a low mining-recovery rate but
only affords a poor level of protection to the main roadway.

To diminish the influence of mining stress, besides
widening pillars, research into roof-strata weakening has
attracted attention among scholars. Currently, the common
method is a precracking technique, including blasting, hy-
draulic or gas cracking, and static cracking. Hao et al. [7, 8]
undertook a static cracking experiment on cuboidal lime-
stone specimens under uniaxial stress, revealing the evo-
lution of acoustic emissions and cracking during static
fracturing, and applied it to forced roof caving in gassy
mines and roof-cutting pressure-relief techniques. )e
boring of holes required to implement this method is labour-
intensive, and the reaction to events is too slow. Chen et al.
[9] tested the influences of dielectric viscosity of high hy-
draulic pressure, critical CO2, etc., on the eliciting emer-
gence and development of cracking: cracks elicited by high
dielectric viscosity are smoother, and cracks elicited by
hydraulic pressure develop in shear failure mode. Kang et al.
[10, 11] applied hydraulic pressure to achieve advanced roof
cutting in a main roadway, which reduces the advanced
abutment pressure in the long-wall mining face. Explosion is
an advanced method of rock-breaking. Gao et al. [12] de-
veloped a method that utilises directional stretch-draw ex-
plosion roof-cutting pressure relief to achieve control of the
roadway surrounding rock and also used numerical mod-
elling and industrial practice to examine its effects. Yang
et al. [13] achieved explosive precracking of an overhanging
roof in goaf based on overhanging theory, cutting side
transmission of stress in the roof and thus decreasing the
pressure thereon. Yardimci and Konicek [14, 15] used deep-
hole cumulative explosions to achieve pressure relief in stiff
roof strata above the coal seam: the method could eliminate
stress concentration. Existing research mainly concentrates
on a solution to the problem that the stiff roof strata in side
roadways are overhanging and rock bursts are induced by
mining; research into advanced roof-cutting pressure relief
in the long-wall mining face by deep-hole explosion remains
sparse.

)erefore, this work established a technique involving
deep-hole precracking explosion in the key strata layer at the
position of stop line in the long-wall mining face based on
analysis of the mechanical model, so transmission of mining
advanced abutment pressure along the main roadways is cut,
effect of dynamic pressure inside working faces is weakened,
and the purpose of protecting the main roadway is achieved.

2. Engineering Context

Shanxi Coking Coal Group Co., Ltd. (Nanguan Coal
Company), whose production capacity is 14Mt per annum,
runs its 2# coal seam under the classification of a low-gas
mine.)ere are three main roadways: a return air roadway, a
conveyor roadway, and a rail roadway. )e return air
roadway and rail roadway lie along the floor of 2# coal seam,

and the conveyor roadway is 12m below the floor of 2# coal
seam. )e level interval among the three roadways is 30m.
)e working face is located to the north of the air return
roadway, the mining method is mechanised inclined long-
wall mining with a mining height of 2.45m, under U-type
ventilation, and caving is applied to the roof of the goaf. )e
layout of main roadways and working faces is shown in
Figure 1.

)e roof and floor strata of the 2# coal seam are shown in
Figure 2; the thickness of the coal seam is 2.45m, at a dip angle
of 7°, with a simple structure and high stability; the thickness
of the immediate roof is 6.65m, which is interbedding
composed of sandy mudstone, siltstone, and mudstone; the
basic roof is composed of 6.0m fine-grained sandstone.

As shown in Figure 1, according to design, a 60m coal
pillar was left between the stop mining line and return air
roadway after mining of the 3207 working face was
completed: as affected by dynamic pressure, there was high
pressure around the return air roadway and the defor-
mation was serious, leading to increase in ventilation re-
sistance and the need for repair, making production
difficult. When the surrounding rock of the return air
roadway is relatively broken, the U-shaped steel shed is
used for support, and in other cases, the anchor net and
shotcrete support are used. )e specific deformation and
failure condition are shown in Figure 3. In the U-shaped
steel supported area, the roadway was narrowed from a
semicircular arch into a triangle, concrete and boarding
were damaged, and bending and cracking occurred in the
middle of the U-shaped steel support; in bolted net and
shotcrete supported areas, there was outbursting on both
sides of the roadway, bulging on the upper corner, and
spalling of concrete from the exposed surface.

3. The Layout of Advanced Abutment
Pressure in the Long-Wall Working Face

)emining area roadway belongs to themain roadway of the
mine, which is an important channel for safe production.
Studies have shown that the overlying basic roof layer of the
long-wall mining face will form a cantilever beam with the
coal wall as the fulcrum and the coal wall will bear a large
vertical load and transfer this in the direction of the main
roadway, which will not only affect the bearing capacity of
the coal pillar but also decrease the stability of the main
roadway (often to a dangerous extent). Zhu et al. [16, 17]
found (by calculation) the influence range of the advanced
support pressure on the long-wall working face to be 244m,
based on the key-layer transfer mechanism, so the remaining
250m coal pillar was intended to protect the main roadway.
Huang [18, 19] established an arch model based on Ter-
zaghi’s theory and studied the transmission of dynamic load
in the roof rock.

To quantify the influence of advance-supporting pres-
sure of long-wall mining face on the stability of the sur-
rounding rock of the main roadway, the mechanical model
of advance-supporting pressure distribution in the long-wall
mining face shown in Figure 4 was established by combining
the research results of Zhu et al. [16, 19].
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In the mechanical model shown in Figure 4, the abut-
ment pressure is composed of three parts: the overlying rock
weight I of the coal pillar (blue part), the rock weight II of the
fissure zone controlled by key block ① (red part), and the
rock weight III of the curve subsidence zone controlled by
key block① (green part). Among them, the weight II of the
fissure zone controlled by block ① propagates toward the

coal pillar in the form of an isosceles triangle through its
articulation point A and the weight III of the curve subsi-
dence zone propagates toward the coal pillar in the form of
an isosceles triangle through the front arch foot G. Now, the
mechanical expressions of the three parts of the advance-
support pressure I, II, and III of the long-wall mining face
were studied and calculated separately.

In Figure 4, the dividing point between the coal wall and
the roof strata forms the coordinate origin O to establish an
O-x-y right-angled coordinate system, the x-axis points to
the direction of the coal pillar, and the y-axis points to the
surface; then, the load distribution is as shown in Figure 5.

In △GPO (Figure 5(a)), GP � GO � a, OP � b, and OH

� b/2. )ese similar triangles mean that (σ0/σx) � (b/2/x)

(Figure 5(b)) and σx � (σ0 · x/b/2), so the stress σx (kN/m)
is as follows:
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)en, the segmented calculation formula of σx is as
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where Q is the concentrated load on the isosceles triangle,
kN; σ0 represents the pressure (expressed as a line load) on
the top of the system, kN/m; and σx is the pressure from any
point on (x, 0), kN/m.

3.1. Calculation of the Height of the .ree Zones. )e key
strata in the overlying rock layer of the long-wall mining face
appear to be mainly affected by the mining height and the
location of the key layer. )e height of space between the
collapsed immediate roof and the upper key layer is as follows:

Δ � M + 1 − KP(   hi, (3)

where Δ is the height of space between the collapsed im-
mediate roof and upper key layer, also known as rotation
volume of the breaking block in the key layer, m;M denotes
the thickness of the coal seam, 2.45m; Kp is the bulking
coefficient of broken rocks, 1.3; and  hi is the thickness of
the immediate roof, 6.65m.

N

3209 working face

3207 working faceStop mining line

Return air roadway
Conveyor roadway
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Figure 1: Layout of main roadways and mining faces.
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Figure 2: Roof and floor strata of 2# coal seam.
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Assuming the ultimate rotary subsidence volume re-
quired to form a stable “masonry beam” structure is Δmax,
when Δ＜Δmax, the key layer will be in the fissure zone and
present a “masonry beam” structural form. According to the
deformation instability model of such a “masonry beam” as
found by Qian et al. [20],

Δmax � h −

����

2ql
2

σc



, (4)

where h is the height of key strata, 6.0m; l is the pace of key-
layer failure, and we take a periodic pressure spacing of 15m;
q denotes the stress on the key-layer imposed by the upper
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Figure 4: Mechanical model of the distribution of abutment pressure on the long-wall mining face.

Figure 3: Deformation of the main roadway.
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strata, 2.1MPa; and σc is the uniaxial compressive strength
of key-layer rock, 32.3MPa. Applying the parameters from
Nanguan Coal Company, we can obtain

Δ � M + 1 − KP(   hi

� 0.46m,

Δmax � h −

����

2ql
2

σc



� 0.6,

Δ<Δmax.

(5)

)erefore, the key layer can form a stable “masonry
beam” structural form located in the fissure zone and control
the movement of the upper strata.)erefore, the caving zone
is the total thickness of the immediate roof (6.65m). )e
height of the fissure zone is calculated according to the
empirical formula as follows:

H1 � 30
��
M

√
+ 10

� 56.96m.
(6)

)e burial depth of this coal seam is 553.65m, and the
thickness of the curve subsidence zone is as follows:

H2 � H − H1

� 553.65 − 56.96

� 496.69m,

(7)

where H1 is the height of the fissure zone, m, and H2 is the
thickness of curve subsidence zone, m.

3.2. Advanced Abutment Pressure Composition and
Quantitative Analysis. )e advanced abutment pressure
of the long-wall mining face is composed of three parts:
the weight of overlying rock layers I of the coal pillar, the
weight of strata II of the fissure zone controlled by key
block ①, and the weight of strata III of the curve sub-
sidence zone controlled by key block ① (Figure 4). )e
mechanical expressions of each component of the ad-
vanced abutment pressure were studied and calculated
separately by drawing on the dynamic pressure and key-
layer loading transmission mechanism of the long-wall
working face and using the calculation methods of Zhu
et al. [16, 19]. Due to limitations of space, only the rel-
evant calculation results are given and the detailed cal-
culation methods and values are shown in the literature
[16, 19].

Part one: the weight of overlying rock layers I.
Calculate the original rock stress according to burial
depth:

σ0 � c · H

� 25 kN · m− 1
  × 553.65m

� 13.84MPa,

σI �
0.062x, (0≤x≤ 4),

13.84, (x＞4).


(8)

Part two: the weight of strata II of the fissure zone
controlled by key block ①.

σII �

1.56x, (0≤x≤ 11.5),

35.72 − 1.56x, (11.5<x≤ 23),

0, (x> 23).

⎧⎪⎪⎨

⎪⎪⎩
(9)

Part three: the weight of strata III of the curve subsi-
dence zone controlled by key block ①.

σIII �

0.12x, (0≤x≤ 39),

9.56 − 0.12x, (39<x> 78),

0, (x> 23).

⎧⎪⎪⎨

⎪⎪⎩
(10)

3.3. Distribution of Advanced Abutment Pressure.
According to the above analysis and calculation, the stress on
the advanced abutment is as follows:

σ � σI + σII + σIII. (11)

By substituting the actual parameters of Nanguan Coal
Company into the formula giving the advanced abutment
pressure, the advanced abutment pressure distribution
characteristics of the 3209 working face can be obtained
(Figure 6). )e advanced abutment pressure curve distri-
bution characteristics are consistent with the calculated
results of Zhu et al. [16, 19] and other researchers, which
verifies the reliability of the mechanical model established in
this study.

Analysis of the stress distribution (Figure 6) shows
that the peak advanced abutment pressure of the 3209
working face occurs some 12m in front of the working
face with σpeak � 34.0MPa. )is is 2.46 times the original
stress. )e range of vertical pressure in front of the
working face that is greater than the original rock stress is
defined as the range of advanced abutment pressure af-
fected by mining; then, the range of mining influence
range of the long-wall working face is 78m. )e distance
between the return air roadway and the stop line is 60m.
)e vertical pressure at this location is 16.2MPa, which is
1.2 times the original stress and is affected by the advanced
abutment pressure of the long-wall mining face. )ere-
fore, the main reason for the severe deformation of the
main roadway surrounding the rock is the unreasonable
position of the stop line of the mining face, which brings
the return air roadway within the influence of advanced
mining of the working face.
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4. Advanced Roof-Cutting Pressure-Relief
Roadway-Protection Technique

In response to the problem that the main roadway is affected
by the advanced abutment pressure of the lateral mining
face, the deformation of the surrounding rock is significant
and the roadway needs repairing: we propose carrying out
advanced roof-cutting in the support removing channel of
the working face to cut off or effectively weaken the
transmission of the advanced abutment pressure toward the
main roadway, so as to control the deformation of the main
roadway to the maximum extent.

4.1.MechanismofRoof-Cutting toRelievePressureandProtect
the Main Roadway. )e previous analysis shows that the
main reason for the deformation of the main roadway in the
mining area is the influence of the advanced dynamic
pressure of the lateral mining face. )erefore, cutting off or
preventing the dynamic pressure from spreading to the main
roadway can protect the main alley in the mining area.
According to the strata control theory, the key layer controls
the overburden structure and load transmission; that is, the
advanced supporting pressure mainly propagates forward
through the key strata [21]. )erefore, the innovation of this
research lies in the novel cutting of the key layer at the stop
mining line in advance through the method of deep-hole
presplit blasting, blocking the propagation path of the ad-
vanced supporting pressure, shrinking the range of influence
of the advanced supporting pressure, and ensuring that the
main roadway lies beyond the range of influence of such
pressures [22].

Deep-hole presplitting blasting, as a rock weakening
control technique, weakens the integrity of the roof strata
through blasting cracks and can realise active control of the
collapse location and scope of the surrounding rock.
)rough deep-hole presplitting blasting, the key layer is cut
off along the stop mining line, and the fracture position of
key block① is artificially controlled to be located on the side
of the coal wall near the goaf, reducing the range and extent
of the influence of advanced abutment pressure. Figure 7

shows the comparison of the leading support pressure
distribution on the long-wall mining face before and after
roof-cutting.

Analysing the distribution of advanced abutment pres-
sure before and after roof-cutting shown in Figure 7, we can
see that, after the implementation of deep-hole precracking
roof-cutting explosions in the support removing channel, a
large number of fissures will be generated around the holes
in the strata, which destroys the integrity of key strata, and
the fissures between adjacent blasting holes overlap and
penetrate each other, forming a weak surface along the stop
line. When the working face advances to the position of the
stop line, the roof rock layer caves in time under the in-
fluence of its own gravity and mining, which reduces the
length of the overhanging roof in the direction of the mining
area, decreases the dynamic pressure on the coal wall and the
coal pillar in front of it, cuts off the transmission path of the
advanced abutment pressure, and realizes the role of pro-
tecting the main roadway and reducing the size of the coal
pillar.

4.2. Timing of Roof-Cutting and Layout of Boreholes

4.2.1. .e Range and Time of Roof-Cutting. )e key to
advanced pressure-relief roadway-protection technique is to
implement precracking explosion only in the key-layer
range, and the immediate roof range is not damaged by
controlling the sealing hole length and sealing hole quality
assurance, so as not to affect the safety of the top plate of the
withdrawal channel. )erefore, before precracking explo-
sion, the location and thickness of the key layer should be
accurately judged according to the key-layer theory and the
top slab rock layer histogram. )e target of roof-cutting is
the key layer of the top slab, and only the basic roof is cut
without destroying the integrity of the immediate roof strata
[23].

)e time to cut the roof is before the advanced abutment
pressure is transmitted to the stop line position, so that the
transmission path of the advanced abutment pressure to the
direction of the main roadway is cut. In other words, the
support removing tunnel is tunnelled to some designed stop
line position whereupon a precracking roof-cutting explo-
sion is detonated.

4.2.2. .e Layout of Deep-Hole Precracking Boreholes.
)e directional requirement for roof-cutting pressure-relief
roadway-protection technique is onerous, requiring the
cracks after an explosion to be opened in parallel with the
direction of the stop line.When the explosives are detonated,
they will produce a cavity area, crushing area, and fracturing
area around the boreholes in turn [24, 25]. )erefore, this
study achieves directional rock breaking through the pilot
hole setup [26]. By the interhole charging explosive method,
an empty hole is designed between two adjacent explosion
holes, which provides a free surface and guides the explosion
fracture along the preset direction, forming penetrating
fractures and weak surfaces in the direction of the explosion
hole connection line (Figure 8).
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Figure 6: Abutment pressure distribution on the 3209 mining face.
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4.3. Numerical Simulation Verification. We selected 2-di-
mensional distinct element software UDEC (Universal
Distinct Element Code), based on the actual engineering
conditions of roadways in Nanguan Coal Company’s 3209
working face, established a 2-d numerical calculation model
(Figure 9), and analysed the rationality of roof-cutting
pressure-relief roadway-protection technique proposed in
the present work [27]. )e rock formation parameters
measured on-site are shown in Table 1.

)e numerical model uses the Cullen–Moore intrinsic
model over an area measuring x × y � 200m × 67.4m [28].
)e boundary effect is eliminated according to the St.
Venant principle; that is, 20m coal pillars are left on the left
and right sides of the model, the left and right sides and
bottom boundary are fixed, the top is free, a vertical stress
of 13.5MPa is applied at the top to simulate the overlying
strata [29], and no pressure is applied to the left and right
sides of the model [30]. )e section size of the main
roadway in the model is width × height � 4m × 3m, and the
model is advanced from 173m to the left side until 118m at
the stop mining line and excavated in steps of 5m. In the
key-layer range at the stop line, the roof cutting was in-
stigated, the precracking was set in advance at the roof-
cutting position, and the precracking medium was deleted
before the excavation of the working face to simulate the
stress changes in the surrounding rock under the two
conditions of cutting and not cutting, respectively. During
the numerical modelling, a stress-monitoring line was
arranged in the middle of rock layer 6 along the length of
the model to monitor the roof stress when affected by
mining and the stress change curves of surrounding rock
under the two conditions of roof-cutting and not roof-
cutting the top: the stress change cloud and diagrams
shown in Figures 10 and 11 were obtained.

Analysing Figures 10 and 11, the peak stress on the
advanced abutment when the numerical model is not cut is
35.7MPa, arising at a point some 10.2m in front of the stop
line (2.64 times the original rock stress); the advanced
pressure at a location some 60m along the main roadway in
front of the stop line is 8.4MPa. )e peak overhead stress
after roof-cutting is 32.6MPa, found at 11.3m in front of the
stop line, which is 2.41 times the original rock stress; the
overhead stress at the location of the main roadway is
8.0MPa. )e peak advanced stress was reduced by 3.1MPa,
or 8.7%, by cutting the roof, and the advanced stress at the
location of the main roadway was reduced by 0.4MPa, or
4.8%. )erefore, cutting the key rock layer of the roof at the
location of the stop line can play a role in blocking the
forward transmission of the advanced abutment pressure
and weakening the range of influence and degree of the
advanced abutment pressure, which is consistent with the
results of the study done by Yue-jin Zhou [31], which verifies
the rationality of the technical solution proposed in this
study.

5. Industrial Practice and Engineering Effect

5.1. Precracking Explosion in the Support Removing Channel.
When the 3209 working face was advanced to 300m from
the stop line, the support removing channel was tunnelled in
advance at the designed stop line position. )e support
removing channel was tunnelled along the roof of 2# coal
seam to a rectangular section (width× height� 3.0m×

2.5m), with bolt-mesh-anchor support installed. According
to the rock column diagram of 2# coal seam shown in
Figure 2 and the key-layer theory, it is known that the basic
roof of the support removing channel is a 6.0m-thick fine-
grained sandstone. )e main target of deep-hole roof-

Stop mining lineNot roof cutting

Goaf

Roof cutting

Bl
as

tin
g

se
ct

io
n

Coal pillarMain roadway
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cutting pressure-relief explosion and the weakening treat-
ment is the basic roof, so the vertical depth of roof-cutting
explosion is 12.65m. Under the premise of protecting the
safe use of the 3209 working face support removing channel,
only explosion for the basic roof range is conducted.

)e diameter of the explosion hole is 94mm, the blasting
length of each hole is 8.0m, and the amount of explosive
used is 20 kg/hole.

Based on the hole diameter, the physical characteristics
of the basic roof, the performance of the explosives in the
cartridge, the structure of the charge, and the radius of the
fissure zone produced by a single-hole explosion under this
condition were theoretically calculated to be 5.7m. )e
spacing of the explosion holes was determined to be 5.0m
based on the ability of the fissure zone produced by ex-
plosion to pass through each other and considering a certain
safety factor. In total, there were 65 boreholes along the axial
direction of the support removing channel (33 charged
explosion holes and 32 uncharged auxiliary holes). )e
layout of the roof-cutting holes is shown in Figure 12.

5.2. .e Effect of Roof-Cutting. After the roof-cutting ex-
plosion in the support removing channel of the 3209
working face, the immediate roof of the support removing
channel was intact and did not affect the removal of the
support after mining, with no increase in safety risk. )e
smoke in the auxiliary hole diffused, which means that the
fissures produced by the explosion holes on both sides of the
face are interconnected.

2# coal seam Main roadway Roof cutting

Figure 9: Numerical calculation model.

Table 1: Mechanical property parameters of the strata in the model.

No. Lithology Strata
thickness (m)

Bulk density
(kg/m−3)

Poisson’s
ratio

Bulk modulus
(GPa)

Shear
modulus
(GPa)

Tensile
strength
(MPa)

Cohesion
(MPa)

Friction
angle (°)

1 Overlying
strata 20 2550 0.21 11.49 8.26 3 3 34

2 Sandy
mudstone 8 2320 0.26 9.72 5.56 2.36 3.86 32

3 Packed sand 6 2550 0.18 13.54 11.02 2.18 4.32 35
4 Mudstone 1.6 2200 0.2 5.56 4.17 1.56 1.52 30
5 Coal 0.2 1400 0.22 1.61 1.11 1.2 0.8 26
6 Gritstone 3 2400 0.29 11.11 5.43 2.36 3.86 32
7 Coal 0.35 1400 0.22 1.61 1.11 1.2 0.8 26

8 Sandy
mudstone 1.5 2320 0.26 9.72 5.56 2.36 3.86 32

9 2 # coal 2.45 1400 0.22 1.61 1.11 1.2 0.8 26
10 Packed sand 2.5 2550 0.18 13.54 11.02 2.18 4.32 35
11 Mudstone 1.8 2200 0.2 5.56 4.17 1.56 1.52 30

12 Underlying
strata 20 2500 0.19 10.75 8.40 3.5 4.3 32

not roof cutting
roof cutting
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050 104060 30 20
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Figure 10: Stress curve of the surrounding rock.
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Five mining pressure observation stations were estab-
lished in the return air roadway to observe the convergence
and deformation of the surrounding rock during the mining
of 3209 working face towards the stop line and to compare
and analyse the pressure manifest in the return air roadway
with that of the adjacent uncut roof working face. )e
distance between adjacent observation stations is 30m, and
they are symmetrically arranged.

)e average amount of surrounding rock deformation of
the five measuring stations is used as an index to evaluate the
effect of roadway protection, which is shown in Figure 13.

Under the condition of not roof-cutting, the average dis-
placement of the two sides is 180.0mm, and the average
displacement of the roof and floor is 348.4mm when the
return air roadway is affected by the mining of 3207 working
face. )e average displacement of the two sides is 52.4mm
and the roof and floor is 68.9mm, which is 29.1% and 19.8%
of the average displacement of the uncut roof. )e results
indicated that the roof-cutting pressure-relief technique
proposed in this study can reduce the influence of the ad-
vanced abutment pressure of the long-wall mining face on
the main roadway and can protect the main roadway.
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Figure 11: Vertical stress cloud on the surrounding rock. (a) No roof-cutting. (b) Roof-cutting.
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6. Conclusion

)is paper addresses the problem that the stopmining line of
the long-wall mining face is unreasonable, resulting in the
strong pressure in the main roadway being affected by the
advanced abutment pressure. )e following main conclu-
sions are drawn:

(1) )e main reason for the strong deformation of the
surrounding rock of the main roadway is the un-
reasonable position of the stop line, which makes it
within the influence range of the advanced mining of
the lateral coal seam.

(2) )e peak value and influence range of advanced
abutment pressure of the long-wall mining face are
mainly affected by the fracture characteristics of key-
layer roof, and advancing deep-hole explosion in the
support removing channel to precrack the key layer
of the roof can cut off or weaken the transmission of
advanced abutment pressure to the main roadway,
thereby protecting the main roadway.

(3) )rough explosion hole and auxiliary hole interval
arrangement, it can realise directional presplit
blasting.)e auxiliary holes do not blast and play the
role of providing a free surface and guiding the
blasting crack to develop in the preset direction. )e
cracks generated by adjacent blasting holes penetrate
each other, forming through cracks and weak sur-
faces in the direction of the hole connection.

(4) )e key-layer roof is filled with explosives for
blasting, and the immediate roof area is blocked by
soil can achieve a segmental controlled explosion; it
does not affect the integrity of the immediate roof of
the support removing channel but cuts off the key-
layer roof.
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