
Research Article
Research of the Surrounding Rock Deformation Control
Technology in Roadway under Multiple Excavations and Mining

Ming Su 1,2 and Xiaohui Gao 3,4

1School of Mining, Liaoning Technical University, Fuxin, Liaoning 123000, China
2Datong Coal Mine Group Co., Ltd., Datong, Shanxi 037003, China
3China University of Mining and Technology-Beijing, Beijing 100083, China
4Cscec City Construction Development Co., Ltd., Beijing 100083, China

Correspondence should be addressed to Ming Su; smltusm@126.com

Received 29 December 2020; Revised 5 February 2021; Accepted 22 February 2021; Published 3 March 2021

Academic Editor: Junfei Zhang

Copyright © 2021 Ming Su and Xiaohui Gao. ,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.

To effectively control the large surrounding rock deformation of the mining roadway under multiple excavations and mining in
Wangcun coal mine, the field investigation, numerical simulation, field test, and monitoring were conducted, and the char-
acteristics of stress and deformation evolution of the surrounding rock under the influence of multiple excavations and mining
were analyzed; then the collaborative supporting technology of high prestressed bolt and short anchor cables was proposed in this
study. ,e results show the following: (1) under the influence of multiple excavations and mining, the peak vertical stress of the
typical air-return roadway reaches 23MPa, and the deformation increases by about 2.8 times after the mining of adjacent panel.
(2) ,e principle of the roadway support under the influence of multiple excavations and mining in Wangcun coal mine is
determined; from the perspective of prestress, we can conclude that the active support of short anchor cables is better than that of
long anchor cables. (3) Based on the results of the field monitoring, the bolt stress can be divided into four stages: the loss stage of
prestress, the sudden-decrease stage of the roof periodic weighting, the decrease stage of advanced support, and the rapid-increase
stage of strong disturbance. Due to the large anchorage range of anchor cables, there is no decrease stage of advanced support.
After the application of prestress, the bolt stress of side bolts and top bolts decreases, and the reduction amplitude is up to 30 kN.
(4) As the panel advances, the deformation of the surrounding roadway increases, and the growth rate is also increasing gradually.
However, the final displacement of the roof, floor, and two sides is within 18mm.,e bolt and anchor cables are not broken, and
the control effect is good. ,e research results have a certain reference value for similar roadway control.

1. Introduction

,e deformation and failure of the surrounding rock of
mining roadways are affected by many factors, of which the
excavation and mining is an important influencing factor
[1]. Due to the superposition of the disturbance stress and
the original rock stress under the action of multiple exca-
vations and mining, the stress concentration of the roadway
is extremely high, leading to the large deformation and
failure of the surrounding rock [2–4].

In recent years, research on the deformation charac-
teristics and control technology of the surrounding rock
under the influence of multiple excavations and mining has

been widely investigated. Xie et al. [5] studied the defor-
mation characteristics of typical gob-side coal mines under
the influence of repeated mining in Wangjialing coal mine,
concluded that the surrounding rock presented asymmetric
failure characteristics, and proposed the asymmetric control
technology of high prestressed anchor cables truss [6, 7].
Huang et al. [8] investigated the large deformation char-
acteristics of the roadway with soft coal seams in the deep
strong mining and proposed theoretical framework of the
rheology of the surrounding rock and large deformation of
the roadway caused by structural instability in the deep
strong mining [9]. Jiang et al. [10] analyzed the compre-
hensive stress field characteristics of the original rock stress
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field, mining stress field, and support stress field of the
typical mining roadway of the extra-thick coal seam in
Majialiang coal mine under multiple excavations and
mining [11].

,rough the comprehensive numerical simulation,
three-dimensional laser scanning technology and field
measurement method, Guo et al. [12] analyzed the de-
formation characteristics of the roadway roof influenced
by mining. Jia et al. [13] concluded that there was a large
plastic failure depth in the coal side of the roadway during
mining, and the maximum failure depth of the roadway
slope was inclined to the roadway side [14–16]. On this
basis, the high-extension combined bolt supporting
technology was proposed [17]. According to the failure
characteristics of the surrounding rock of the roadway
passing through multiple rock strata under multiseam
repeated mining, Sun et al. [18] put forward the non-
uniform reinforcement technology for strengthening the
support of weak structure parts. Based on the deforma-
tion characteristics of the surrounding rock in the
roadway with seriously damaged section coal pillar under
the influence of secondary mining, Qiao et al. [19] pro-
posed the combined differential control technology of
long anchor cables, high prestressed anchor cables, and
steel belts.

,rough the numerical simulation, Li et al. [20] con-
cluded that the expansion pressure and the bursting de-
formation corresponding to rock failure in the nonuniform
plastic zone led to the nonuniform and violent subsidence
of the dynamic pressure roadway [21–23]. In case of severe
subsidence, the scope of the plastic zone was determined by
the magnitude of deviator stress, and the orientation was
dominated by the direction of main stress [24–26]. ,e
stress of the surrounding rock was improved by panel
regulation, and the supporting technology of the sub-
reinforcement was put forward. Xu et al. [27] and Lan et al.
[28] proposed the comprehensive control of “high-strength
bolt support + roof anchor cables channel steel composite
structure + coal pillar side anchor cables reinforcement”
according to the damage characteristics of coal roadway
affected by severe fully mechanized mining [29–31]. Xu
et al. [32] analyzed the characteristics of large deformation
and failure of the roadway surrounding rock affected by
strong dynamic pressure and proposed the technology of
reconstructing bearing arch and adding high-prestressed
anchor cables support [33–35]. In the above research, the
deformation and control characteristics of mining road-
ways under the condition of severe mining influence have
been explored [36, 37]. However, the surrounding rock
deformation characteristics of mining roadways under
similar conditions of Wangcun coal mine have been rarely
studied.

In this paper, the stress and deformation evolution
characteristics of the surrounding rock under the influence
of multiple excavations were mainly investigated, and the
collaborative supporting technology of the high prestressed
bolt and short anchor cables was put forward, and then the
field tests were conducted to verify the effectiveness of the
proposed supporting technology.

2. General Situation of the Test Roadway

2.1. Geological Conditions. ,e air-return roadway 5103,
located in the east panel 8103 of Wangcun coal mine, was
taken as the test roadway. ,e average buried depth of air-
return roadway 5103 was about 500.1m. ,e south of air-
return roadway 5103 was the panel 8101, the east was the
three-panel lanes, and the west and north were all solid coal
areas. ,e thickness of the coal was 3m, and fully mecha-
nized mining was adopted. ,e air-return roadway 5103 was
strongly influenced by the dynamic pressure of adjacent
panel 8101 and panel 8103. ,e design length was 2577m,
and the mining was performed along the roof of no. 4 coal
seam through breaking the floor. ,e direct roof and direct
bottom were sandy mudstone; the main roof and the old
floor were medium sandstone. ,e rock property charac-
teristics of coal seam roof and floor are shown in Table 1.,e
net width and clear height of the roadway were 5500mm and
3200mm.

2.2. Original Support Scheme. As shown in Figure 1, the left-
hand screw thread steel bolt without longitudinal rein-
forcement was used as the bolt. ,e specifications were as
follows: (1) top bolt: L� 2.4m, ϕ 22mm, the parallel ar-
rangement was adopted with the spacing and the row
spacing of 1000mm and 1150mm; (2) side anchor:
L� 1.8m, ϕ 18mm, the spacing and the row spacing was
1000mm and 1000mm; (3) anchor cables: L� 6.3m, ϕ
17.8mm, and the parallel arrangement was adopted; (4)
resin anchoring agent: 1 CK2330 + 2 M2330 was placed in
each hole of roof bolts, with anchoring force≥ 125 kN and
pretightening force≥ 220N·m; 2 CK2360 + 1 M2330 were
placed in each hole of anchor cables, with the pretightening
force≥ 100 kN; and 1 CK2330 + 1 M2330 was placed in each
hole of two side bolts, with the anchoring force ≥85 kN.

2.3.MainProblems. ,e pretightening torque test of bolts in
air-return roadway 5103 showed that the pretightening
torque of most bolts was only 200N·m, and some of them
were less than 180N·m. According to the research on the
transformation of pretightening torque and pretightening
force of bolts, the conversion efficiency of pretightening
torque was less than 0.2; that is, the axial pretightening force
of bolts was less than 40 kN. It indicated that there was a
relatively low reinforcement effect on the surrounding rock
of the roadway, and the core role of the bolt supporting has
not been fully utilized.

3. Stress and Deformation Evolution of the
Surrounding Rock of the Roadway under
Multiple Excavations and Mining

,rough the FLAC3D numerical software, the stress char-
acteristics of the surrounding rock of air-return roadway
5103 during the whole service period were analyzed to fa-
cilitate the selection of a reasonable support scheme and
parameter design optimization. ,e interval between air-
return roadway 5103 of panel 8103 and adjacent panel 8101
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was a 25m coal pillar. During the service period, air-return
roadway 5103 was affected by multiple excavations and
mining, including the excavation of air-return roadway
5103, the excavation of the top air-return roadway of panel
8103, and the mining of adjacent panels 8101 and 8103. As a
result, the complex stress change of the surrounding rock of
the roadway has occurred, and the roof and coal pillar of the
roadway bore large dynamic abutment pressure, leading to
the strong stress changes and fluctuation for the air-return
roadway 5103. ,e stability of air-return roadway 5103 was
greatly affected under the action of multiple excavations
stress.

3.1. Simulation Scheme. ,e strike length of panel 8101 was
1850m, while the length of air-return roadway 5103 was
2577m. ,erefore, the section simulation of air-return
roadway 5103 was carried out. Due to the limited space, the

influence area of air-return roadway 5103 affected by the
dynamic pressure of panel 8101 was mainly simulated.

,rough the numerical simulation software, the calcu-
lation model was established to simulate the excavation of
the air-return roadway 5103, the excavation of the top air-
return roadway of panel 8101, and the mining of panel 8101.
,e stress change of the coal pillar, the stress, and dis-
placement of the surrounding rock of the roadway under the
above three conditions were comprehensively compared to
obtain the basis for the subsequent support design.

3.2. Stress Characteristics of the Surrounding Rock during the
ExcavationofAir-ReturnRoadway5103. In the excavation of
air-return roadway 5103, the stress distribution of the
surrounding rock and coal pillar was obtained, as shown in
Figure 2. After the excavation of air-return roadway 5103,
due to the influence of adjacent roadway 2101, there was a

Table 1: Rock property characteristics of coal seam roof and floor.

Name of the roof and floor Rock name ,ickness (m) Features

Main roof Medium
sandstone 2.5–6.15 Grayish white, calcareous cemented and mainly composed of quartz

feldspar
Direct roof Sandy mudstone 1.5–4.32 Gray black, uniform bedding, massive structure
Direct bottom Sandy mudstone 2.5–6.3 Gray black, flat fracture

Main floor Medium
sandstone 2.0–12 Gray white, calcareous cementation, general sorting
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Figure 1: Original support scheme of air-return roadway 5103.
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certain superposition effect of vertical stress in two road-
ways, but the superposition effect of horizontal stress and
displacement field was not obvious. After the excavation, the
horizontal stress concentration area was distributed in the
roof and floor of the roadway. ,rough comparative anal-
ysis, it can be seen that the peak value of the maximum
vertical stress was about 16MPa, and the peak value was
located on the two sides of the roadway. ,e distance be-
tween the peak value of the vertical stress of the coal side and
the coal wall was about 1.8m.,e vertical stress distribution
on the coal pillar was similar to that of the bimodal dis-
tribution. On the whole, the change of the vertical stress was
small. It indicated that during the tunneling of the air-return
roadway 5103, due to the small disturbance of the roadway
during the excavation, the variation of the surrounding rock
stress field had little influence on the roadway.

3.3. Deformation Characteristics of the Surrounding Rock
during the Excavation of the Top Air-Return Roadway of
Working Face 8103. After the excavation of air-return
roadway 5103, the top air-return roadway of panel 8103 was
arranged at 10m away from the panel side of the roadway for
gas drainage, which had a certain impact on the stability of
the air-return roadway 5103. In particular, this top air-return
roadway was arranged in the rock, and the blasting method
was used for excavation; then the stability of the air-return
roadway 5103 was affected. ,erefore, the blasting can cause
the coal wall spalling of air-return roadway 5103 during the
tunnel excavation, which seriously affects the roadway
stability.

Figure 3 shows the stress distribution of the surrounding
rock and coal pillar during the excavation of the top air-
return roadway of panel 8103. It can be concluded that with
the excavation of the top air-return roadway of panel 8103,
the stress state of the surrounding rock of the roadway 5103
changes obviously. ,e superposition effect of the sur-
rounding rock stress and the vertical stress of the side air-
return roadway 5103 is produced, leading to an increase in
the peak value of vertical stress from 16.1MPa to 17.0MPa.

Besides, the peak area of vertical stress moves from the two
sides to the upper right of the original roadway; the re-
quirements of the roadway support are increased accord-
ingly. Since the numerical calculation software cannot
simulate the influence of rock blasting on the stability of air-
return roadway 5103, the real stress state of air-return
roadway 5103 is worse than the calculation result. ,us, this
factor should be further considered in the roadway support
design.

3.4. Stress andDeformationCharacteristics of the Surrounding
Rock of Air-Return Roadway 5103 during Mining of Adjacent
Panel 8101. After mining in panel 8101, the stress distri-
bution of the surrounding rock and coal pillar around air-
return roadway 5103 is obtained, as shown in Figure 4.

As shown in Figure 4, after panel 8101 is mined, the stress
and stress state inside the coal pillar, surrounding rock of the
roadway, and the coal rock near the panel change greatly.
,e stress concentration inside the coal pillar and the coal
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Figure 2: Vertical stress distribution of the surrounding rock and coal pillar during the excavation of air-return roadway 5103. (a) Vertical
stress of the surrounding rock. (b) Vertical stress of the coal pillar.
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rock on both sides of the panel is obvious; with the change of
the size of the protective coal pillar between panel 8103 and
panel 8101, the stress and stress state of the surrounding rock
in the coal pillar and roadway change significantly.When the
size of the coal pillar is 25m, a great lateral abutment
pressure is generated on the protective pillar of panel 8101
after the panel 8101 is mined. As a result, a large vertical
stress concentration is formed on the coal pillar. ,e peak
stress of the coal pillar appears at the panel side, and the peak
value of vertical stress on the side of panel 8101 reaches
43.6MPa, and the peak value of vertical stress on the side of
air-return roadway 5103 reaches 21.33MPa. It indicates that
the concentration degree of lateral abutment pressure
changes after mining on the panel due to the small size of the
coal pillar at this time. It can be predicted that under such
conditions, the roadway can be significantly affected by the
dynamic pressure of panel mining, which is not conducive to
the stability and maintenance of the roadway in the later
stage.

In addition, the stress state of the surrounding rock and
vertical stress of the coal pillar decreases obviously. Firstly,
the double peak distribution state of vertical stress is
changed, and the peak stress state of the surrounding rock is
asymmetric. ,e overall vertical stress of the surrounding
rock increases significantly, and the peak vertical stress of the
coal pillar stress is 43.9MPa, while that of air-return
roadway 5103 is 23MPa. It shows that the mining of panel
8101 has a great influence on the dynamic pressure of air-
return roadway 5103 at this time.

3.5. Deformation Variation Characteristics of the Roadway
SurroundingRock of 5103ReturnAirRoadwayunderMultiple
Excavations and Mining. ,e displacement of air-return
roadway 5103 under multiple excavations and mining is
obtained, as shown in Figure 5. In the excavation stage of
air-return roadway 5103, 25m coal pillar at the panel has
little influence on the air-return roadway 5103. In the
excavation stage, the overall deformation of air-return

roadway 5103 is small, the maximum roof subsidence is
56.6mm, and the roadway floor heave is 88.2mm. Roadway
deformation is mainly characterized by roof subsidence
and floor heave, and the subsidence in the middle of the
roof is similar to the bending deformation of simply
supported beams under uniformly distributed load. ,e
displacement of air-return roadway 5103 in the excavation
stage of the top air-return roadway of panel 8101 shows that
the excavation of the top air-return roadway of panel 8101
has a certain impact on air-return roadway 5103; the
maximum roof subsidence increases from 56.6mm to
59.6mm, and the roadway floor heave remains basically
unchanged, always 88.2mm. It indicates that the excava-
tion of the top air-return roadway of panel 8101 has a
certain impact on air-return roadway 5103, and the stress of
the surrounding rock and the deformation of the roadway
increases, but the overall effect is not very significant.
During the mining period of panel 8101, the air-return
roadway 5103 is affected by the mining dynamic pressure of
adjacent panel 8101; the vertical deformation distribution
of 5103 is obtained. It indicates that the roof deformation of
the roadway is relatively larger than that in the excavation
stage. At this time, the maximum deformation of the
roadway roof increases from 59.6mm (in the excavation
stage) to 166.9mm, which is 2.8 times larger than that
before mining.

,rough comprehensive analysis of the above calcula-
tion results, a comparison diagram of vertical stress of the
surrounding rock and roof subsidence of air-return roadway
5103 under different mining conditions is formed, as shown
in Figures 6 and 7.

As shown in Figures 6 and 7, the vertical stress around
the roadway increases by 170.1% after mining at the adjacent
panel of air-return roadway 5103. At this time, the maxi-
mum roof subsidence of the roadway is greatly increased,
which increases by 194.5% during the original excavation
period. It shows that the mining of adjacent panel 8101 leads
to the significant influence of dynamic pressure, resulting in
serious deformation of air-return roadway 5103.
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Figure 4: Vertical stress distribution of the surrounding rock and coal pillar in panel 8101. (a) Vertical stress of the surrounding rock. (b)
Vertical stress of the coal pillar.
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In contrast, after the excavation of the top air-return
roadway of panel 8101, the peak value of vertical stress in the
air-return roadway 5103 increased by 5.6%. At this time, the

maximum roof subsidence of the roadway slightly increases,
and it increases by about 5.3% during the original excavation
period. It indicates that the excavation influence of the top
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Figure 5: Deformation nephogram of air-return roadway 5103 under multiple excavations and mining conditions. (a) During the ex-
cavation of air-return roadway 5103. (b) During the excavation of the top air-return roadway of panel 8103. (c) During the mining of
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air-return roadway of panel 8101 is small, and the defor-
mation of air-return roadway 5103 is small.

4. Efficient Collaborative Supporting
Technology of High Prestressed Bolt and
Short Anchor Cables

In this paper, the geological conditions of the surrounding
rock and the characteristics of stress and deformation
evolution of the surrounding rock of air-return roadway
5103 under multiple excavations and mining were consid-
ered; then the collaborative supporting technology of the
high prestressed bolt and short anchor cables was proposed
for air-return roadway 5103.

4.1. Design Principle of the Roadway Support. According to
the geological conditions of air-return roadway 5103 in
Wangcun coal mine, the following design principles were
proposed to give full play to the role of bolt support.

(1) ,e principle of one-time support: for the bolt
support, one-time support is preferred to effectively
control the deformation of the surrounding rock; the
secondary or multiple support should be avoided.

(2) ,e principle of high prestress and prestress diffu-
sion: prestress is the key factor in bolt support, which
is the parameter to distinguish whether the bolt
support is passive or active. Only the high prestressed
bolt support is the real active support that can give
full play to the role of bolt support.

(3) ,e principle of “three high and one low”: “three
high and one low” refers to the high strength, high
rigidity, and high reliability and low support density.
Under the condition of improving the strength and
rigidity of the bolt and ensuring the reliability of the
support system, the support density is reduced, the
number of bolts per unit area is reduced, and the
excavation speed is improved.

(4) ,e principle of critical support strength and stiff-
ness: critical support strength and stiffness exist in
the bolt support system. If the support strength and
stiffness are lower than the critical value, the roadway
will be in an unstable state for a long time, and the
deformation and failure of the surrounding rock
cannot be effectively controlled. ,erefore, the
strength and stiffness of the designed bolt support
system should be greater than the critical value.

(5) ,e principle of mutual matching: the parameters
and mechanical properties of bolt components
should be matched, and the parameters and me-
chanical properties of bolt and anchor cables should
be matched, so as to maximize the overall support
effect of bolt support.

(6) ,e principle of operability: the bolt support design
provided should be operable, which is conducive to
the underground construction management and the
improvement of excavation speed.

(7) Under the condition of ensuring the effect and safety
of the roadway support, being feasible in technology
and operable in construction, it is beneficial to re-
duce the comprehensive cost of the roadway support.

4.2. Comparison of Supporting Effects of Different Anchor
Cable Lengths. As shown in Figure 8, the distribution of
prestress field with different lengths of anchor cables is
obtained under the same prestress (200 kN) of anchor cables.
,e following can be seen:

(1) With the increase of the length of anchor cables, the
range of the effective compressive stress zone
gradually increases in the height direction, which
indicates that the scope of the active support of
anchor cables is expanding continuously. However,
this change is not obvious in the width direction, and
it has a decreasing trend with the increase of the
length of anchor cables.

(2) With the increase of anchor cables length, the
compressive stress in the middle and upper length of
anchor cables decreases gradually. It indicates that
the supporting effect of anchor cables on the middle
and upper surrounding rock decreases continuously.

(3) With the increase of the length of anchor cables, the
compressive stress of the middle surrounding rock
between the two anchor cables gradually decreases. It
indicates that the supporting effect of anchor cables
on the surrounding rock between the two cables
decreases gradually.

,e analysis shows that under a certain prestress range,
the longer the anchor cables, the less obvious the effect of
prestressed anchor cables, and the worse the active support
performance. ,erefore, the following conclusions can be
drawn:

(1) When the prestress is constant, the active support
effect of short anchor cables is better than that of
long anchor cables

(2) ,e longer the anchor cables are, the greater the
prestressing force should be applied to fully realize
the supporting function of anchor cables

(3) By increasing the prestress of anchor cables, the
length of anchor cables can be reduced properly

To sum up, the comprehensive support effect is better
when the length of anchor cables is in the range of 4m–6m.

4.3. New Support Scheme

4.3.1. Roof Support. ,e bolt body was HRB400 left-hand
nonlongitudinal rebar, with a diameter of 20mm and a
length of 2.0m, and the tail thread was M22. ,e length of
the screw section at the end of the bolt was not less than
150mm. Resin anchorage agent was used to lengthen the
anchorage length of bolts. ,e anchorage length was 1.3m,
the spacing and the row spacing of bolts were 1200mm and
1200mm, and the pretightening torque was ≥300N·m. ,e
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Figure 8: Stress distribution of different anchor cables lengths under the same prestress. (a),e length of anchor cables is 4m. (b),e length of
anchor cables is 5m. (c) ,e length of anchor cables is 6m. (d) ,e length of anchor cables is 8m. (e) ,e length of anchor cables is 10m.
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top anchor cable materials were φ 17.8mm and 1 × 7 high-
strength low-relaxation prestressed steel strand with a length
of 5300mm and the anchoring length of 1.6m. ,e “two,
one–two, one spacing” arrangement was adopted with the
spacing of 2400mm; two or one anchor cables were drilled in
the middle of the roadway, and the spacing was 2400mm,
vertical to the roof strata. ,e initial tension of anchor cables
was 200 kN, and the loss of pretension shall not be less than
150 kN.

4.3.2. SideWall Support of the Coal Pillar. ,e bolt body was
HRB400 left-hand nonlongitudinal rebar, the diameter and
the length of the top bolt diameter were 20mm and 2.0m,
the rod tail thread was M22, and the length of the bolt tail
thread section was not less than 150mm. ,e anchoring
length of the side anchor was 0.8m; the bolt row spacing was
1200mm, each row and each side has two anchors, and the
spacing was 1400mm; the bolt pretightening torque was
≥300N·m.,ematerial of side anchor cables was φ 17.8mm,
1 × 7 strands of high-strength low-relaxation prestressed
steel strand, with a length of 4300mm and anchorage length
of 1.3m. ,e “interval” arrangement was adopted, and one
anchor cable was laid at 1m above the roadway floor in two
rows with the spacing of 2400mm, which was vertical to the
coal wall; the initial tension of anchor cables was 200 kN, and
the prestress loss shall not be less than 150 kN.

4.3.3. Panel Support. ,e bolt body was a 22mm glass fiber
reinforced plastic bolt, with a length of 2.0m; the bolt an-
chorage length was 0.8m; the bolt row spacing was
1200mm, each row and each side has three bolts, and the
spacing was 900mm; the bolt pretightening torque was
≥50N·m. Figure 9 shows new support scheme for air-return
roadway 5103.

5. Analysis of Ground Pressure Monitoring
Results in the Test Area

To master the influence of panel mining on the stability of
the surrounding rock of the roadway and test the effect of the
new support scheme, the stress monitoring of bolt and
anchor cables and roadway deformation were carried out in
the air-return roadway 5103. A test station was arranged
around 627m in front of the panel to monitor the stress of
the supporting structure in the roadway and the deformation
law of the surrounding rock during the periodic pressure, as
shown in Figure 10(a). ,e layout of anchor cable dyna-
mometer is shown in Figure 10(b). ,e specific monitoring
scheme is as follows.

5.1. Stress Analysis of Bolt andAnchor Cables. Figures 11 and
12 show the stress curves of bolt and anchor cables,
respectively.

(1) ,e bolt stress at different positions of roof and
two sides are compared, and the overall law is
consistent. After the bolt is applied with pre-
tightening force, the stress decreases at

110m–115m away from the panel, is stable at
70m–100m away from the panel, suddenly de-
creases near 70m from the panel, is stable at
30m–75m away from the panel, then decreases at
20m away from the panel, and then increases
gradually. However, the overall range of variation
is small, with the amplitude below 20 kN (without
considering the pretightening force). It can be
explained that after the bolt is applied with pre-
stress, due to the loss of prestress, the bolt stress is
reduced, and then since the distance from the
panel is far away from the panel and has not been
affected by mining, the stress is relatively stable. At
70m away from the panel, due to the periodic
pressure of the roof of the panel, the main roof
collapses, causing the surrounding rock rebound
of the roadway, and the bolt stress suddenly de-
creases, and then due to the high prestressed bolt
support energy effective control of the roadway
surrounding rock deformation, bolt stress is still
relatively stable, at a distance of 20m from the
panel layout of single hydraulic prop advance
support, the initial support force of hydraulic prop
makes the surrounding rock deformation con-
verge, and bolt stress decreases; with the advance
of the panel, roadway surrounding rock defor-
mation gradually increases, and bolt stress also
increases.

(2) By comparing the stress of bolts at different posi-
tions, it can be found that after the pretightening
force is applied, both the stress of two side bolts and
the top bolt decrease, and the reduction amplitude is
as high as 30 kN. ,is is due to the loss of pre-
tightening force. ,e loss value of roof bolts is lower
than that of side bolts. ,is is because the roof is
relatively flat and the pretightening force is high,
while the surrounding rock of the two sides is uneven
and the pretightening force is low.,erefore, the loss
of pretightening force is closely related to the surface
roughness of the surrounding rock and the value of
pretightening force. ,e stress change of side bolt
and roof bolt is not different, both within 5 kN. ,is
is because the supporting technology of high-
strength and high prestress bolt can improve the
antideformation ability of the surrounding rock.
However, the shaking of roof bolts is obvious at 70m
away from the panel, which is sensitive to the roof
collapse under periodic weighting.

(3) ,e stress of the bolt near the coal pillar side is
relatively stable, with the variation value of 1-2 kN.
,e bolt close to the panel side changes greatly;
within 3–5 kN, the stress of the bolt at the side corner
is relatively low. It indicates that the surrounding
rock at the bottom corner has been broken, and the
high stress is in the state of pressure relief after the
transfer of high stress.,e stress of the roof bolt close
to the panel changes greatly compared with that of
the middle and coal pillar side and is greatly affected
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by the mining of the panel. ,e change value is about
5 kN, and the difference of the pretightening force of
the three roof bolts increases, which is related to the
nonrelativity of the surrounding rock.

(4) ,e stress changes of roof anchor cables in different
positions are the same. ,e stress decreases con-
tinuously at 70m–90m away from the panel; the
shaking occurs at 70m, and the stress decreases
rapidly and begins to increase. ,e stress of anchor
cables at 20m–70m away from the panel is stable

and increases gradually after 20m away from the
panel. ,is is because the anchor cables are damaged
after the pretightening force is applied, and the stress
of anchor cables decreases. Under periodic pressure
at 70m away from the panel, the main roof collapses
and causes the roof rebound, which causes the
sudden stress decrease of anchor cables. Within the
range of 20m–70m from the panel, the influence of
mining on the panel is small, and the stress is rel-
atively stable. ,e range of 20m away from the panel
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Figure 9: New support scheme for air-return roadway 5103.
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Figure 10: Layout of ground pressure monitoring points in air-return roadway 5103. (a) Layout of measuring points. (b) Arrangement of
anchor cables dynamometer.
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Figure 11: Stress characteristics of bolts in air-return roadway 5103. (a) Pillar side. (b) Roof. (c) Panel.
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is the mining advance affected section, the roadway
deformation begins to increase, and the anchor ca-
bles stress also increases.

(5) ,e stress of bolts and anchor cables are compared.
,e biggest difference is as follows: the stress of bolts
decreases at 20m away from the panel, while the
stress of anchor cables is almost unchanged. ,is is
because the advance hydraulic prop within 20m has
a certain supporting effect on the surrounding rock,
resulting in the smaller failure depth of the sur-
rounding rock. ,e anchorage depth of bolts is
shallower, and the anchorage depth of bolts is more
affected by the stress change of the surrounding rock,
while the anchorage depth of anchor cables is larger
and the anchorage depth of bolts is less affected by
the stress change of the surrounding rock.

(6) ,e bolt and anchor cables in the whole roadway are
not broken. ,e results show that the supporting
technology of high-strength and high prestress
bolt + short anchor cables can effectively control the
deformation of the surrounding rock of the roadway,
and the underground application has achieved good
results.

5.2. Analysis of the Roadway Surface Displacement.
Figure 13 shows the deformation curve of the roadway roof
and two sides. ,e specific analysis is as follows.

Generally, the increased displacement of the roadway
roof, floor, and two sides is consistent, and the unit dis-
placement keeps increasing. In the range of 80m–115m
away from the panel, the roof and two sides of the roadway
are not affected by the mining of the panel and are relatively
stable, and the displacement is almost zero. Within the range
of 40m–80m from the panel, the displacement of the roof
and side of the roadway increases rapidly, but the change
value is very small (below 6mm). ,e displacement of the
roof is relatively small compared with the side, and the side is

more sensitive to mining. When the distance from the panel
is 40m or less, the displacement of the roof, floor, and two
sides increases rapidly, and the increase rate is about 2 times
compared with that in the range of 40m–80m from the
panel. It shows that this section is greatly affected by the
mining of the panel, but the final displacement is less than
18mm, which far meets the production requirements.
,erefore, the high-strength and high prestressed anchor
cables supporting technology can significantly control the
deformation of the surrounding rock of the roadway.

6. Conclusions

(1) After mining the adjacent panel in Wangcun coal
mine, the vertical stress around the surrounding rock
of air-return roadway 5103 increases by 170.1%
compared with that in the excavation stage, and the
maximum roof subsidence increases by 194.5%
compared with that in the original excavation.
,erefore, the dynamic pressure has a significant
impact.

(2) ,e supporting technology of high prestressed bolt
and short anchor cables is put forward, the rea-
sonable range of short anchor cables is determined,
and the surrounding rock control scheme of air-
return roadway 5103 is obtained.

(3) ,e field monitoring results show that the bolt stress
is divided into 4 stages, including the loss stage of
prestress, the sudden-decrease stage of the roof
periodic weighting, the decrease stage of advanced
support, and the rapid-increase stage of strong
disturbance. ,e stress of bolts and anchor cables is
compared. ,e biggest difference is that the stress of
bolts decreases at 20m away from the panel, while
the stress of anchor cables is almost unchanged.

(4) ,e closer the distance from the panel, the greater
the displacement of the roadway roof and floor and
two sides, and the higher the growth rate. However,
the final displacement of the roof, floor, and two
sides is within 18mm, and the bolt and anchor cables
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Figure 12: Stress characteristics of roof anchored cable in air-
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are not broken. It shows that the supporting tech-
nology of high-strength and high prestressed anchor
cables can significantly control the deformation of
the surrounding rock of the roadway.
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