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Weak impact occurs during roadway excavation in some extremely thick coal seams in China. Although this hazard is not enough
to destroy the roadway, it will cause fracturing and large deformation of the roadway surrounding rock, resulting in the fracturing
of bolts and anchor cables and bringing great difficulties to roadway support. In the hope of solving this problem, firstly, the reason
for impact occurrence in the roadway of the extremely thick coal seam is analyzed from the perspective of energy. 0en, the
surrounding rock fracture evolution in such a roadway is explored by means of numerical simulation, microseism, and borehole
observation. Furthermore, the “pressure relief and yielding support” joint prevention and control technology is proposed and
applied to Yili No. 1 Coal Mine. 0e field engineering application results show that the joint prevention and control technology
can effectively reduce the impact energy and ensure the stability of the roadway surrounding rock in the extremely thick coal seam.
0e research findings can provide a theoretical foundation for the roadway support of the same type.

1. Introduction

Coal is the dominant energy in China. In recent years,
extremely thick coal seams in mining areas, such as Urumqi,
Liuhuanggou, and Yili in Xinjiang, Huating in Gansu,
Binchang in Shaanxi, and Yima in Henan, in western China
suffer rock burst phenomena [1–4]. Multiple rock burst
accidents have occurred in the driving faces (120–600m
deep) of over 10 extremely thick coal seams (8–50m thick).

Rock burst has become one of the main dynamic di-
sasters threatening pit mining. Since the 1960s, the scholars
all over the world have paid considerable attention to it and
started to research on its generation mechanism. Con-
cerning this disaster, Cook, Obert, Bieniawski, Qi, Dou, and
other scholars successively put forward a variety of theories,

including the strength theory, the rigidity theory, the energy
theory, the three-factor theory, and the intensity weakening
theory [5, 6].0ese research results play an important role in
guiding safe mining.

At present, the rock burst prevention and control
measures [7–17] at home and abroad, which can be classified
into two categories, namely, regional prevention measures
and local risk relief measures, mainly include blasting
destressing, stress relief slot destressing, and borehole des-
tressing. Reasonable application of these measures can ef-
fectively decrease the impact magnitude and the number of
rock burst disasters. Cai et al. [18] proposed to prevent rock
burst by means of blasting destressing. 0rough physical
simulation, Lin and Zhou [19] analyzed the stress distri-
bution around the coal body after the excavation of a stress
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relief slot in the coal roadway and discussed the coal outburst
prevention mechanism of the slot. 0rough numerical
simulation, Zhu et al. [20] studied the destressing effects at
different slot depths under different ground stress conditions
and revealed the mechanical mechanism of slot destressing
operation in the surrounding rock. Jia et al. [21] investigated
the destressing effect of the large-diameter borehole by
means of laboratory test and numerical simulation. Zhu et al.
[22] derived the method of quantitatively calculating the
parameters of burst prevention boreholes based on the
energy dissipation index and put forward the “zoning and
classification” prevention and control concept for the area
with impact danger in the working face. In addition, Qi et al.
[23] and Li et al. [24] probed into the size effect and time
effect of the destressing borehole, respectively. 0e above
research studies provide theoretical guidance for the des-
tressing of roadways prone to rock burst disasters.

0e stability control of the roadway surrounding rock
under the burst load has always been a research hotspot in
the geotechnical engineering field at home and abroad.
Under the burst load, roadway surrounding rock deforms
seriously and quickly, which requires the supporting
structure to have the properties of large deformation and
yielding support. Considering this requirement, foreign
experts developed and designed energy-absorbing bolts such
as the cone bolt, the Roofex bolt, the Garford bolt, and the
D-bolt [25–30], and Chinese scholars also conducted rele-
vant research studies. Lian and Wang [31] designed a new
type of prestressed yielding bolt by adding a yielding tube in
the ordinary bolt. Zhang et al. [32] designed a yielding bolt
with constant resistance by the extrusion and slip effect. 0e
research team of He et al. developed constant-resistance and
large-deformation bolts and anchor cables [33–39]. 0e
development of these large-deformation bolts and anchor
cables provides a new technology for roadway burst pre-
vention support affected by dynamic pressure.

In some extremely thick coal seams, the impact energy of
the driving face and its near-field area is relatively small
(smaller than 104 J), which belongs to weak impact. When
this kind of impact occurs, a vibration effect will be gen-
erated [40–42], inducing roadway surrounding rock vi-
bration accompanied by a loud noise. For example, some
mines in Yili mining area suffered this kind of weak impact
during roadway excavation. Although such impact is not
enough to destroy the roadway, it will lead to the fracturing
and large deformation of the roadway surrounding rock and
breakage of bolts and anchor cables, bringing great diffi-
culties to roadway support. Currently, there is a lack of
research on the roadway support affected by weak impact in
extremely thick coal seams. In this study, the “pressure relief
and yielding support” joint prevention and control tech-
nology is put forward based on the analysis of the mecha-
nism of roadway impact in the extremely thick coal seam.

2. General Situation of the Yili No. 1 Coal Mine

Yili No. 1 Coal Mine is located in the Kazak Autonomous
Prefecture of Yili in Xinjiang Uygur Autonomous Region,
China. 0e mine, which has rich reserves, simple geological

structure, and a designed production capacity of 10.00Mt/a,
is developed through inclined shafts. 0e wellhead elevation
is +1,260m, and the shaft station elevation is +1,060m. 0e
belt transportation rise, the car rise, and the air return rise
start from the shaft station and extend downward along No.
3 coal seam. No. 3 and No. 5 coal seams are the main mining
coal seams. Located in the upper part of the Xishanyao
Formation, No. 3 coal seam belongs to an extremely thick
coal seam (average thickness: 12.35m) with low strength and
poor crushing resistance. Its roof and floor are mainly
composed of mudstone, siltstone, and fine sandstone which
are all weak cemented soft rocks with low strength. Besides,
they weather easily and contain a certain amount of water.
0erefore, the three rises where thick top coal and bottom
coal are reserved are arranged in the middle and lower part
of No. 3 coal seam.0e roadway layout is shown in Figure 1.

Entering No. 3 coal seam from the three rises, weak
impact appears in the process of roadway excavation. With
the increase in the mining depth, the energy of weak impact
gradually increases. Its manifestation (below 6# cross-
heading) has the following four characteristics: first, under
the dual effects of concentrated stress of the surrounding
rock and weak impact, the roadway surrounding rock un-
dergoes plate fracture and heaving sides. Part of the roadway
sides becomes crisp and forms a cavity; second, weak impact
mainly occurs in the driving, supporting, and coal trans-
portation processes; third, the self-stabilization time of the
surrounding rock is very short, and the weighting is quick;
fourth, weak impact leads to serious deformation of the
roadway surrounding rock and fracturing of bolts and an-
chor cables.

According to the result of ground stress measurement at
the shaft station, the maximum horizontal principal stress is
151.3%–162.1% of the vertical stress and 125.5%–149.8% of
the minimum horizontal principal stress. According to the
impact tendency determination result, No. 3 coal seam
possesses weak burst proneness, while its roof belongs to
nonburst strata. 0e ground stress characteristics and the
burst tendency of No. 3 coal seam are the preconditions for
the weak impact of the roadway in the extremely thick coal
seam of Yili No. 1 Coal Mine.

2.1. Analysis on the Near-Field Energy Evolution of the Sur-
rounding Rock. In order to facilitate the analysis, the
roadway is simplified into a circle.0e roadway surrounding
rock is an elastic energy storage area composed of coal and
rock (Figure 2).0e radius of the roadway is r, and that of the
high-energy storage area of the roadway surrounding rock is
R. 0e elastic energy accumulated in the unit length of the
roadway surrounding rock can be expressed by the following
equation:

E � Sr · ωr + Sc · ωc, (1)

where E is the elastic energy accumulated in the surrounding
rock in the high-energy storage area (J/m); Sr is the area of
rock stratum in the high-energy storage area (m2); ωr is the
energy density of rock stratum in the high-energy storage
area (J/m3); Sc is the area of coal seam in the high-energy
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storage area (m2); and ωc is the energy density of coal seam
in the high-energy storage area (J/m3).

0e storage and release of energy in coal and rock mass is
related to surrounding rock stress and rock properties.
Under certain stress conditions, a certain critical energy is
stored in the coal and rock mass. 0e higher the primary
rock stress, the smaller the elastic modulus of the rock and
the higher the stored elastic energy. 0e research by Zhu
et al. [43, 44] revealed that the energy density ratio of coal
seam to rock stratum is 1.8–2.3, and the elastic energy ac-
cumulated in the surrounding rock of the driving face of the
extremely thick coal seam is much higher than that of the
thin and medium thick coal seams at the same depth. After
the roadway is excavated, the stress of the roadway sur-
rounding rock is redistributed. Under the condition that the
roadway surrounding rock consists of a certain coal seam,
once the accumulated energy exceeds the critical stored
energy (E0) of the coal seam under the new stress state, a part
of the energy exceeding the critical stored energy (E01) re-
sults in the fracture damage of the roadway surrounding
rock, while the other part (E02) pushes the broken coal seam

outward. 0e relationship among E0, E01, and E02 is
expressed by equation (2). If the released energy is high
enough, it will cause an impact. 0e weak impact occurring
in the excavation process of the extremely thick coal seam in
Yili No. 1 Coal Mine is mainly caused by E02.

E0 � E01 + E02, (2)

where E0 is the energy exceeding the critical energy storage
of coal and rock mass; E01 is the fracture energy of coal and
rock mass; and E02 is the impact energy of coal and rock
mass.

2.2. Analysis on theNear-FieldMicroseismof theDriving Face.
In order to study the location and energy of the near-field
weak impact in the driving face, microseismic monitoring
equipment is set up in the driving face [45–49]. 0e adopted
ESG microseismic monitoring system (made in Canada),
whose acquisition frequency is 50–10 kHz, comprises sen-
sors, a Paladin digital signal acquisition system, an optical
cable data communication system, and a Hyperion digital
signal processing system.

Monitoring points are arranged at the intersection of the
car rise and the connecting roadway. 0e first monitoring
section is arranged at the intersection of the 6# crossheading
(Figure 1) and the car rise. With the excavation along the
three car rises, another monitoring section is arranged at the
next intersection with an interval of 300m. In this way, the
monitoring sections are continuously arranged to ensure the
continuity and accuracy of microseism signals during
roadway excavation. A seismic detector is arranged at the
roadway roof, sides, and floor in each monitoring section,
respectively.

Figure 3 shows the spatial distribution of seismic events
in the near-field area of the driving face. 0e seismic events
occurring at different positions in 10 driving classes are
counted, and the driving face advances for 2.4m in each
driving class. 0e coordinates are arranged on the driving
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face, and they move with the advancement of the driving
face. 0e spheres in the figure represent seismic events, and
their different colors and sizes represent different energy
ranges.

As can be seen from Figure 3, in the area 0–8m behind the
driving face, seismic events are densely distributed in the
range of 2–6m in the roof and the floor, modestly distributed
within 2m in the roof and the floor, and sparsely distributed
beyond 6m in the roof and the floor. Since this area is located
in the vicinity of the roadway surface, the coal here is rapidly
destroyed under the action of concentrated stress, and there
exist a large number of cracks. 0erefore, the seismic events
here are small and of low energy. 0e area 8–14m behind the
driving face is a medium-density seismic event area, and the
area beyond 14m behind the driving face is a low-density
seismic event area. Because energy in coal and rock mass has
been released, seismic events in these two areas are signifi-
cantly reduced. In addition, the numbers of seismic events
and high-energy events in the floor are both greater than those
in the roof. 0e main reason is that the floor is not supported,
so it becomes the breakthrough of energy release.

2.3. Analysis on the Near-Field Fracture Damage Evolution of
the Driving Face. In order to study the fracture evolution
process of the roadway surrounding rock in the extremely thick
coal seam, two observation boreholes are set up at the driving
face roof and sides on the car rise (buried depth: 680m). 0e
observation results at the roof are analyzed in this section. After
the observation boreholes are arranged, the observation is
conducted for every other driving class. 0e observation results
are shown in Figure 4. With the advance of the driving face, the
fracture damage of the roadway surrounding rock develops
quickly to the deep. It is observed that the roadway surrounding
rock is broken, with obvious ring fractures and radial fractures.
0e third observation (14.4m away from the driving face)
discloses that the fracture range of the roadway surrounding
rock is 1.3m. In the fourth observation (19.2m away from the
driving face) and the fifth observation (24m away from the
driving face), no obvious new cracks are found anywhere else
except positions 2.9m and 3.2m away from the borehole, in-
dicating that weak impact gradually ceases causing fracture
damage when the roadway is about 20m away from the driving
face. Moreover, the loose circle of the roadway surrounding
rock in the extremely thick coal seam is large and develops

rapidly for two reasons: first, the E02 weak impact induced
fracturing of the roadway surrounding rock; second, the con-
centrated stress of the surrounding rock causes plastic failure.

3. Study on “Pressure Relief” of the Weak
Impact Roadway in the Extremely Thick
Coal Seam

If the impact energy E02 is reduced, its damage to the
roadway can be weakened, which can be realized by taking
effective pressure relief measures to lower the stress con-
centration degree of the roadway surrounding rock. In this
paper, two pressure relief plans are proposed: large-diameter
boreholes and stepped driving. To comparatively study their
pressure relief effects, the numerical simulation method is
adopted for analysis.

3.1. Calculation Model and Mechanical Parameters

3.1.1. Numerical Model. 0e cross section of the trans-
portation rise near the 6# crossheading is taken as the nu-
merical model. 0e parameters are as follows: buried depth
700m, roadway net width 6.0m, roadway net height 5.0m,
arch height 3.0m, and wall height 2m. Considering the
location and cross-sectional shape of the roadway, as well as
the needs of research, the size of the model is
60m× 50m× 30m. 0e model basically restores the current
state of roadway excavation with respect to geological
conditions, physical and mechanical properties, cross-sec-
tion design parameters, etc. 0e model size and boundary
conditions are shown in Figure 5. It has 276,507 units and
49,021 nodes.

3.1.2. Main Mechanical Parameters. 0e calculation is
conducted based on the elastic-plastic model, and the
Mohr–Coulomb yield criterion is used to judge the failure of
coal and rock mass.

fs � σ1 − σ3
1 + sinϕ
1 − sinϕ

− 2c

�������
1 + sinϕ
1 − sinϕ



, (3)

where σ1 and σ3 are the maximum and minimum principal
stresses, respectively; c is the cohesion; and φ is the internal
friction angle. When fs > 0, coal and rock mass will undergo
shear failure. In the normal stress state, the tensile strength
σT of coal and rock mass is very low, so whether the coal and
rock mass undergo tensile failure can be judged according to
the tensile strength criterion (σ3 ≥ σT).

0e parameters of simulation calculation are determined
in accordance with the mechanical parameters obtained
from field sampling and mechanical testing, as listed in
Table 1.

3.2. Numerical Simulation Analysis on Roadway Pressure
Relief in the Extremely <ick Coal Seam

3.2.1. Analysis on Pressure Relief by Circular Advancing
Boreholes. In order to relieve the pressure in the advancing
direction during roadway excavation, eight 30mm-long
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Figure 3: Spatial distribution of near-field seismic events in the
driving face.
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circular boreholes with the diameters of 100mm, 200mm,
and 300mm are drilled along the advancing direction, re-
spectively. 0e layout of the boreholes is exhibited in
Figure 6.

As shown in Figures 7–9, no matter which pressure relief
scheme is adopted, only small pressure relief areas are
formed around the 8 boreholes. Even if the diameter of the
boreholes reaches 300mm, the pressure relief areas of dif-
ferent boreholes are not connected, that is, no large pressure
relief area is formed within the roadway section, and no
pressure relief effect is achieved in the surrounding rock
beyond the roadway section. Consequently, the impact
energy E02 cannot be reduced.

For the 8 pressure relief boreholes with the diameter of
100mm, the test results suggest that, during the roadway
excavation process, the borehole wall remains intact; the
boreholes are basically undamaged; and the impact strength
of the roadway surrounding rock is not notably reduced.

3.2.2. Analysis on Pressure Relief by Stepped Driving.
Aiming at comparatively analyzing the feasibility of driving
construction, two driving schemes, namely, nonstepped
driving and stepped driving, are adopted in this paper. In the
stepped driving scheme, three steps with the heights of 1.5m,
1.5m, and 2.0m are arranged positively from top to bottom,
respectively, and the driving footage is 5m.

0e nonstepped and stepped driving pressure relief
schemes are compared in Figures 10–12. It can be observed
that their stress distributions and plastic zone ranges do not
differ much after the surrounding rock roadway stabilizes.
However, in the stepped driving scheme, the stress con-
centration in front of the roadway is completely eliminated,
and those on both sides are also significantly reduced due to
the sufficient movement space and the relatively small
driving section. 0e advancing driving steps in this scheme
can efficiently relieve the pressure in the roadway sur-
rounding rock, thus decreasing the impact energy E02 in

T1 (H-0.3m) T2 (H-0.8m) T3 (H-1.3m) T4 (H-2.6m) T5 (H-2.9m)

Figure 4: Observation results of the roadway surrounding rock fracture in the extremely thick coal seam.
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Table 1: Numerical calculation of mechanical parameters of the coal and rock.

Coal and rock Tensile strength
(MPa)

Compressive strength
(MPa)

Elastic modulus
(MPa)

Poisson’s
ratio

Internal friction
angle

Cohesion
(MPa)

Density
(kg/m3)

Coarse sandstone 0.69 9.61 1,991.5 0.235 46.3 2.72 2,397
Argillaceous
sandstone 0.77 5.43 1,026 0.241 45 1.83 2,144

No. 3 coal seam 0.21 6.20 1,140 0.266 32 1.78 1,280
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advance. Field practice shows that both numbers of seismic
events and high-energy events in the roadway surrounding
rock are greatly reduced after the application of stepped
driving, but the occurrence of weak impact cannot be
completely eliminated.

4. Study on the “Yielding Pressure” Support
Technology of the Weak Impact Roadway in
the Extremely Thick Coal Seam

4.1. Working Load Variations of Roadway Bolts in the Ex-
tremely <ick Coal Seam. Although the pressure relief can
reduce part of the impact energy E02, it fails to completely
eliminate the weak impact. 0e deformation of the roadway
surrounding rock under the weak impact in the extremely thick
coal seam mainly includes two parts. One is fracturing and
deformation caused by weak impact, and the other is plastic
failure caused by concentrated stress. 0ese two parts of de-
formation jointly induce considerable deformation of the
roadway surrounding rock. As a result, the working load of
bolts is increased, even exceeding the strength limit of bolts.

0e cross section 50m away from the 7# crossheading
(point G1 in Figure 1) on the transportation rise in Yili No. 1
Coal Mine is supported by means of MSGLD-500/22 bolts,
meshes, anchor cables, and shotcrete. After the excavation of
the driving face is completed, the roadway surrounding rock
deforms quickly and severely, which puts a huge load on the
bolt supporting structure. Resultantly, bolts and anchor
cables break frequently. Figure 13 displays the change curves
of the working loads of the roof anchor (the 7# anchor) and
the left anchor (the 10# anchor). After 15 days of work, the
working load of the 7# anchor has reached 250 kN, and the
rod has broken. After 16 days of work, the working load of
the 10# bolt has reached 220 kN, far exceeding the initial
yielding load. 0e results indicate that the currently used
bolts are not suitable for the roadway surrounding rock that
has severely deformed under the weak impact in the ex-
tremely thick coal seam.

4.2. Test Analysis on the Elongation Percentage of Ordinary
Bolts. 0ree 500mm-long MSGLD-500/22 bolts produced
by different manufacturers are selected for conducting
tensile tests, so as to analyze their deformation character-
istics. 0e test results are shown in Figure 14. 0e average
elongation percentages of the elastic segment, the yielding
segment, and the strengthening deformation segment are
2.44%, 1.50%, and 11.13%, respectively, and that within the
bolt strength limit is 15.07%. Considering the necking
characteristics of the bolt rod, for steel whose yielding
strength is over 500MPa, the elongation percentage of the
bolt rod takes 8% in the design of roadway support. At
present, MSGLD-500/22 usually adopts the partial an-
chorage. If the anchorage length is 1,000mm, the free section
length of a 2,400mm-long bolt is 1,400mm. Calculated
according to the elongation rate of 8%, the deformation
length is 112mm which is not enough to bear the defor-
mation of the coal roadway surrounding rock within the
anchoring range under vibration conditions. Consequently,
part of the anchor rod breaks. Hence, the elongation per-
centage must be increased before necking or breakage of the
bolt rod.

4.3. Test Analysis on the Deformation of Yielding Bolts.
When the roadway surrounding rock experiences large
deformation, the current elongation percentage of the bolt
cannot adapt to the large deformation. When the defor-
mation of the surrounding rock within the anchorage range
is greater than the elongation that the bolt can bear, the bolt
will break and lose the support function. Even worse, ac-
cidents such as roof fall and collapse may occur. In Yili No. 1
Coal Mine, the impact energy of the three rises is relatively
small. Although some bolts are broken due to the large
deformation of the roadway, statistics show that the per-
centage of broken bolts is about 20%. 0erefore, it is con-
sidered to apply double-bubble yielding bolts to the three
rises.

A yielding bolt mainly boasts two functions in the weak
impact roadway: first, it can promote the deformation ca-
pacity of the bolt supporting structure. When the bolt is
subjected to a large tensile force, the yielding tube can
undertake part of the deformation to prevent the bolt from
breaking, thus protecting the bolt supporting system. Sec-
ond, the anchored rockmass deforms under the condition of
near-constant resistance, which can not only reduce the
additional pressure brought by the impact-induced harmful
deformation to the supporting structure but also release a
part of the impact energy of the surrounding rock. In this
way, it can better control the development of the broken
zone and plastic zone of the surrounding rock, so as to
maintain the stability of the roadway. Considering that the
yielding tube serves to protect the bolt, the initial yielding
strength of the yielding tube should be slightly higher than
the initial yielding strength of the bolt.

In order to obtain its compression deformation law, the
double-bubble yielding bolt is designed for the MSGLD-
500/22 bolt. 0e calculated yielding strength of the bolt rod
is 189 kN; the designed length of the yielding bolt is 70mm;

1m 1m1m1m

1m

1m

1m
1m

2m

2m

1m

6m

Figure 6: Layout of pressure relief boreholes.
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and the initial yielding strength of the yielding bolt is
designed to be 1.1 times the calculated yielding strength of
the bolt rod, namely, 210 kN. 0e yielding bolt is installed
on the 500mm-long MSGLD-500/22 rod body first, and
then the tensile test is carried out on the ZCMG-600D
digital display mining bolt (anchor cable) tension testing
machine. Figure 15 displays the test curve which can be
divided into five sections. First, the yielding tube and the
bolt rod undergo elastic deformation (displacement
12mm, section A). Next, the yielding bolt yields at 207 kN
(displacement 14.5mm, section B). Afterwards, bubble 1
starts to deform and yield (displacement 26mm, section C).
0en, bubble 2 deforms and yields (displacement 22.5mm,
section D). Finally, the bolt rod is broken (section F).

0rough the above analysis, it is known that deformation
yielding sections C and D are the main deformation sections
of the yielding tube. 0e deformation yielding length of the
yielding tube is 48.5mm in the test. In practice, if the
yielding distance of a double-bubble yielding tube is not

enough, one or two double-bubble yielding tubes can be
added in the yielding bolt to meet the requirements of the
field engineering.

5. Engineering Practice Verification

0e above analysis suggests that stepped driving for ex-
tremely thick coal seam roadways can decrease the mag-
nitude of impact and the number of seismic events.
0erefore, this mining method is applied on the trans-
portation rise 100m away from the 7# crossheading (point
G2 in Figure 1) in Yili No. 1 Coal Mine. In consideration of
the convenience of construction, the driving proceeds in the
two (upper and lower) steps divided by the arch base line.
Furthermore, a double-bubble yielding tube is installed on
the pressure relief bolt so that the bolt can improve the
deformability of the supporting structure and prevent the
bolt from breaking under large deformation conditions.
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Figure 7: Vertical stresses of pressure relief boreholes. (a) Φ100mm. (b) Φ200mm. (c) Φ300mm.
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5.1. Support Design. 0e transportation rise in Yili No. 1
Coal Mine is supported by means of bolts, meshes, anchor
cables, and shotcrete [50–54]. 0e roadway support section
is presented in Figure 16. 0e specific support parameters
are as follows: MSGLD-500/22× 2400 bolt, “Wuhua” layout,
interrow spacing 800mm× 800mm, anchorage
length≥ 1,400mm, pull-out force≥ 200 kN, and pretension
force≥ 50 kN. 0e Φ22mm× 8,300mm anchor cables of
1× 19 structure are arranged from the top to both sides with
the spacing of 2,200mm. 0e anchor cables at two shoulder
sockets are used to replace two bolts arranged in the
“Wuhua” layout, with the spacing of 2,200mm× 2,400mm.
0e pull-out force is 400 kN, and the pretension force is over
200 kN. One 70mm-long double-bubble yielding tube
whose yielding value and yielding distance are 210 kN and
48.5mm, respectively, is added in each bolt, and two
150mm-long double-bubble yielding tubes whose yielding
value and yielding distance are 350 kN and 100mm,

respectively, are added in each anchor cable. Four tubes of
K2835 resin cartridges are used for each bolt, and six tubes of
K2835 resin cartridges are used for each anchor cable. Arch-
shaped high-strength pallets are selected, the sizes being
150mm× 150mm× 10mm for the bolt and
300mm× 300mm× 16mm for the anchor cable. 0e
Φ8mm steel mesh is selected, the size being 80mm× 80mm.
0e shotcrete thickness and strength are 100mm and C20,
respectively.

5.2. Monitoring of Roadway Stability under “Pressure Relief
and Yielding Support” Joint Prevention and Control

5.2.1. Microseismic Monitoring. After adopting the “pres-
sure relief and yielding support” joint prevention and
control technology, microseismic monitoring is carried out
on the transportation rise (100m away from the 7#
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Figure 8: Horizontal stresses of pressure relief boreholes. (a) Φ100mm. (b) Φ200mm. (c) Φ300mm.
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Figure 9: Plastic zones of pressure relief boreholes. (a) Φ100mm. (b) Φ200mm. (c) Φ300mm.
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Figure 10: Vertical stress of stepped driving. (a) Nonstepped driving. (b) Stepped driving.
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Figure 11: Horizontal stress of stepped driving. (a) Nonstepped driving. (b) Stepped driving.
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Figure 12: Plastic zone of stepped driving. (a) Nonstepped driving. (b) Stepped driving.
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crossheading) of Yili No. 1 Coal Mine. 0e spatial distri-
bution of near-field microseismic events in the driving face
after the application of the technology is illustrated in
Figure 17. 0e results of microseismic monitoring show that
the numbers of seismic events and high-energy events in the
roof and the floor are remarkably reduced by about 40%.0e
large-scale decrease of high-energy events and the reduction
of microseismic events weaken the damage of the impact
load on the roadway surrounding rock.

5.2.2. Deformation Monitoring of the Roadway Surrounding
Rock. 0e fracturing of the roadway surrounding rock in the
extremely thick coal seam at different depths is analyzed by
setting a multipoint extensometer M in the middle of the

crown of the transportation rise. 0e deepest point of the
multipoint extensometer is set 10m away from the orifice.
0is point is used as a datum point and is assumed to be
fixed.0emeasuring points are designed to be 0m, 1m, 3m,
5m, and 10m away from the roadway surface, respectively.
0e bolt here is lengthened and anchored, with the an-
chorage length and free section length being 1.4m and 1.0m,
respectively. 0e displacement-time variation curves of the
measuring points are exhibited in Figure 18. As can be seen
from the figure, the measuring points share basically con-
sistent deformation trends, and the deformation amount
gradually decreases from the surface to the inside, the largest
displacement occurring at the surface point. 0e free section
of the bolt here refers to the section between the 0mm-deep
measuring point and the 1mm-deep measuring point. In
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this section, the deformation of the bolt reaches 29mm,
which exceeds the elastic deformation stage of the bolt and
enters the yielding stage of the bolt and the yielding tube.
Besides, the deformation of the roadway surrounding rock
primarily occurs within 15 days after the support, while it
gradually stabilizes after 15 days.

5.2.3. Working Resistance Monitoring of the Bolt. 0e
working resistance of the bolt at the crown of the trans-
portation rise is observed with the aid of a bolt dyna-
mometer.0e working resistance-time variation curve of the
5# bolt is given in Figure 19. In the first 15 days, the working
resistance jumps dramatically by 15 kN/d on average, which
is basically consistent with the monitored surrounding rock
deformation trend. In addition, the working resistance on
the 15 day reaches 215 kN, which has exceeded the elastic
limit of the MSGLD-500/22× 2400 bolt and has entered the
yielding stage of the bolt and the yielding tube. After 15 days,
the increase in the working resistance drops notably. On the
30th day, the working resistance is 229 kN, failing to reach
the strength limit of the bolt and remaining in the normal
working stage of the bolt.0eworking resistancemonitoring
results also demonstrate that the deformation of the roadway
surrounding rock tends to become stable after 15 days.

6. Conclusions

(1) In this paper, the roadway surrounding rock
structure of the extremely thick coal seam is ana-
lyzed, and the elastic energy analysis formula under
the structure is established. Based on the analysis, it
is concluded that the weak impact of the roadway in
Yili No. 1 Coal Mine is mainly caused by the impact
energy E02 of coal and rock mass.

(2) According to the magnitude of microseismic energy
and the number of events, the near field of the
driving face in the extremely thick coal seam is di-
vided into several areas: in the area 0–8m behind the
driving face, seismic events are densely distributed in
the range of 2–6m in the roof and the floor, modestly
distributed within 2m in the roof and the floor, and
sparsely distributed beyond 6m in the roof and the

floor. 0e area 8–14m behind the driving face is a
medium-density seismic event area, and the area
beyond 14m behind the driving face is a low-density
seismic event area.

(3) 0e “pressure relief and yielding support” joint
prevention and control technology is proposed.
Numerical simulation reveals that pressure relief
boreholes with different diameters cannot effectively
relieve pressure and basically cannot reduce the
impact energy E02. In contrast, in the stepped driving
scheme, the stress concentration in front of the
roadway is completely eliminated, and those on both
sides are also significantly reduced due to the suf-
ficient movement space and the relatively small
driving section. 0e advanced driving steps in this
scheme can relieve the pressure in the roadway
surrounding rock well, thus decreasing the impact
energy E02 in advance.

(4) 0e deformation characteristics of the MSGLD-
500/22 bolt are studied. It is considered that the
deformation elongation of the bolt cannot match
the large deformation of the roadway surrounding
rock in the extremely thick coal seam. Accord-
ingly, the tensile test is conducted on the double-
bubble yielding tube bolt system. 0e test results
suggest that the deformation yield length of the
double-bubble yielding tube reaches 48.5mm. 0e
double-bubble yielding tube succeeds in endowing
the bolt supporting system with the ability to bear
large deformation, which can meet the large
characteristic deformation of the surrounding
rock of the roadway in the extra thick coal seam
and can effectively control the deformation of the
roadway.

(5) 0e “pressure relief and yielding support” joint
prevention and control technology is applied to
the supporting and driving engineering of Yili No.
1 Coal Mine. 0e microseismic monitoring results
show that seismic events and high-energy events
of the roof and the floor are greatly reduced by
about 40%. 0e displacement monitoring results
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show that the deformation of the free section of
the bolt reaches 29mm, which exceeds the elastic
deformation stage of the bolt and enters the
yielding stage of the bolt and the yielding tube. 0e
working resistance monitoring results demon-
strate that, on the 30th day, the working resistance
of the bolt is 229 kN, failing to reach the strength
limit of the bolt and remaining in the normal
working stage of the bolt. 0e displacement and
working resistance monitoring results both verify
that the double-bubble yielding bolt is suitable for
the deformed roadway surrounding rock in the
extremely thick coal seam.
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