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With the increasing mining depth of coal mines, the occurrence of rockburst, especially in mine roadways, is becoming critical as a
severe dynamic disaster. This paper explores the stability control of deep mine roadways and solves the contradiction between the
support and pressure relief of roadways by studying the use of an internal steel pipe for wall protection and a soft structure for
energy absorption during repeated borehole drilling. Numerical simulations are performed to examine the effects of active support
technology on the support structure during repeated drilling. Internal steel pipes can effectively prevent the support structure
from being damaged. When the soft structure cracks, the energy transmitted from the rockburst to the roadway is significantly
reduced. According to the deformation and failure characteristics of the surrounding rock of the 21170 roadway, the combination
of anchor active support, hydraulic lifting shed support, and soft structure energy absorption is proposed. An engineering case
study shows that the support method can effectively maintain the stability of the surrounding rock and ensure the safe mining of
the working face. The proposed control method can provide reference for the prevention and control of rockburst in mine

roadways under similar geological conditions.

1. Introduction

A rockburst represents a severe dynamic disaster that affects
the safety and efficient production in underground projects
such as coal mines [1, 2]. With the increase in the depths of
coal mines, the rockburst severity has considerably in-
creased, especially in China [3]. As of June 2019, 121 coal
mines in production in China were identified as rockburst
prone mines [4].

The mechanism of rockburst in coal mines is highly
complex because of the complexity of the mechanical
properties of coal and rock and diversity of geological
conditions. Many theories on rockburst mechanisms have
been proposed, including the strength theory [5], energy
theory [6-8], bursting liability theory [9, 10], and rigidity
theory [11, 12]. In recent years, considerable research on the

mechanism of rockburst has been conducted in China, and
notable results have been achieved through the rockburst
research and engineering practice. Zhang [13] proposed the
theory of rockburst instability. Qi et al. [14] proposed the
“three-factor” mechanism of rockburst, based on the results
of friction and sliding instability tests on coal and rock. Dou
et al. [15] proposed the strength weakening theory for
rockburst. Pan [16] established the theory of rockburst
initiation. Moreover, Pan [17] proposed the instability
theory for the rockburst-induced disturbance response in
coal mines. Rockburst prevention and control can be
achieved by regulating the stress state or decreasing the
generation of high stresses in the coal/rock mass structure.
To this end, the main measures include reasonable mining of
the protective layer, water injection in coal seams [18],
pressure relief through large-diameter coal seam drilling and
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coal seam blasting, roof softening through deep hole blasting
and hydraulic fracturing, and the use of directional hydraulic
fracturing. These measures can considerably reduce the risk
of rockburst and effectively prevent the occurrence of
rockburst disasters. According to preliminary statistics,
90.8% of rockburst accidents occurred in coal mine road-
ways [19]. However, only a few studies have focused on the
support of roadways to prevent/control rockburst. From the
perspective of rigid or flexible supports, support concepts for
mine roadways have been established. The combinations of
support technology currently used in coal mines include
anchor net + anchor cable + steel arch support technology,
steel U-bolt support technology, anchor+ metal
net + shotcrete + steel U-bolt support technology, energy
absorption support technology, coupled rigid and flexible
support technology [20], and “three-level support” tech-
nology [21]. In the anchor net+anchor cable + steel arch
support technology, steel U-bolt support technology, and
anchor + metal net + shotcrete + steel U-bolt support tech-
nology, only the support of the roadway is strengthened, and
the pressure relief of the high stress roadway is not con-
sidered. The reinforcement of the roadway support increases
the support cost and process and does not considerably
influence the support effect of the roadway with rock burst.
The energy absorption support technology, coupled rigid
and flexible support technology, and “three-level support”
technology involve filling a layer of energy absorbing ma-
terial and adding energy absorbing materials with a weak
stiffness between the surrounding rock and support, which
can absorb a considerable amount of the impact energy and
reduce the damage of the impact load on the support
structure. However, this type of support can passively absorb
only a small amount of energy, and if a large energy
rockburst is encountered, the roadway may be critically
damaged. The new support method proposed in this paper
solves the contradiction between strong active support,
pressure relief, and antiscour in rockburst roadway and can
enhance the support and pressure relief effect of the rock-
burst roadway. Moreover, this approach can effectively
maintain the strength and integrity of the surrounding rock
of the roadway, thereby protecting it from damage; increase
the stability of the surrounding rock of roadway wall, as the
soft structure may crack again after high stress compaction;
and protect the inner strong small structure from secondary
damage of the borehole.

Rockburst occurrence changes the stress state in the coal
and rock masses and may alter the generation of high
stresses by transferring and releasing stress. In this study,
focused on providing roadway support through energy
absorption by soft structures, relevant technical measures
are adopted to realize the stress transfer and stress release
from coal and rock masses in mine roadways and effectively
prevent the occurrence of rockburst. The anchor (cable)-
+ hydraulic lifting support + soft structure energy absorp-
tion technology is adopted. The technology of repeated
borehole drilling and soft structure cracking is researched,
and the contradiction between the support and pressure
relief of a roadway under impact loading is coordinated,
thereby enhancing the roadway performance.
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2. Engineering Background of the Changcun
Coal Mine

2.1. Geological Conditions. The Yima coal field, which is
located in Yima, China (Mianchi County, Henan Province),
is a thick coal field from the Mesozoic era. This region
contains the Changcun, Yuejin, Qianqiu, Gengcun, and
Yangcun coal mines. The coal seam in the Yima coal field is
the middle Jurassic Yima formation, which contains 5 coal
seams, among which the No. 27! and 27> coal seams are
generally minable. The mining depth of each coal seam is
generally greater than 600 m, and the maximum depth is
1060 m. The lithologies of the coal seam roof and floor
mainly include mudstone, sandstone, and conglomerate.
The direct roof is generally mudstone, above which lies a
sand conglomerate/argillaceous interbedded sandstone
(average thickness = 166 m) layer, followed by an extremely
thick gravel layer of the upper Jurassic period. Mining results
in brittle fractures of the overlying hard plate, which easily
cause dynamic disturbances in the roof. The F16 fault is a
regional compressional and torsional thrust fault with a
strike of approximately 110° (nearly east-west in orienta-
tion), an extension of approximately 45km, a dip angle of
15-35° in the deep part and 75" in the shallow part, and a
fault throw of approximately 50-500m. The F16 fault
connects with the Qianqiu mine in the north and extends
into the Yangcun and Gengcun mines to the west and
Changcun and Yuejin mines to the east, as shown in
Figure 1.

2.2. Roadway Support. In the Yima mining area, the No. 27>
coal seam is mainly mined. The mining roadway is generally
arranged in the coal seam, 0.5m of coal is reserved in the
floor, and the section of the mine roadway is generally
arched. A three-level support mode including an anchor net
cable, 36 steel U-bolts, and a single hydraulic prop is gen-
erally adopted during the excavation of the mine roadway.
The single hydraulic support is replaced by a hydraulic lifting
frame or roadway supports during mining. A schematic and
photograph of the three-level support system are shown in
Figure 2.

2.3. Changcun Coal Mine. The surface of the Changcun coal
mine is mostly covered with Quaternary loess. The ground
elevation is 415-580 m, and the F16 reverse fault is a regional
reverse fault that developed in the southeast region of the
mine field. The direct roof of the coal seam is mudstone with
a thickness of 16-45m. The roof is mainly composed of
conglomerate, fine sandstone, and mudstone, which can be
permeated by water. The bottom of the coal seam is car-
bonaceous mudstone with a thickness of 0.5-6.0m and a
coal seam with a hardness of 1.5-2.0. The geological for-
mations in the coal seam are presented in Figure 3.
During service, the 21170 working face is affected by the
mining-induced dynamic pressure of the adjacent face. The
west side consists of the three descending coal pillars of the
21 mining area, and the east side is the coal pillar of the F16
fault. The upper part of the working face is the 21150
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FiGgure 1: F16 fault diagram.
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FIGURE 2: Three-level support of the surrounding rock. (a) Schematic. (b) Photograph.
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Drill Depth Thickness Geolog.lcal Lithology Lithological characteristics
hole (m) (m) formation name
| 0
0 o Purplish red quartzite, quartz sandstone, gray
430 green brown red igneous rock, with different
700.1 _ Q — Conglomerate diameters and sizes, argillaceous sand basement
N T cemented, mixed with layered brown red siltstone
0 o
. Light gray spinning rock strip, wavy cross bedding,
23.5 —~ Fine e ! o
Roof 720.6 -~ containing more nodular pyrite nodules, distributed
: - ~| sandstone . . . .
along the layer, with dolomite broken in the section
e Plant fossils, partially carbonized, coarse-grained,
S=Z2 Y dense and uniform below, with more siderite
763.7 40.1 J— Mudstone bands, horizontal bedding, and schistose pyrite at
the bottom
Muscovite sheet, containing siltstone locally,
768.5 4.8 Mudstone containing plant fragments and lamellibranchial
fossils
Coal Fibrous structure, light weight, mixed with
Coal 779.7 12.0 oa carbonaceous mudstone and gangue
[
— / —_—
782.8 3.1 / Mudstone Black. High carbon content
/=
— Argillite Sandy claystone, containing angular quartzite small
gravel and siderite, containing more plant root
fossils. Slightly larger proportion
Floor 807.8 30.0 .
Fine
sandstone Sandy claystone
812.9 5.1 0 Conglomerate Quartz sandstone, shaly component, basal
0 0 © cementation

FIGURE 3: Geological formations.

working face that has been stopped, and the lower part is the
21190 working face that has not been designed. The rock
surrounding the roadway is mainly mudstone, which is
easily weathered and broken, resulting in the rapid defor-
mation of the roadway. The surrounding rock develops
rapidly in the early stage of excavation. In addition to long-
term creep, the overall deformation is large, and the roadway
needs to be repaired after excavation. The deformation of the
roadway mainly consists of two sides moving and floor
heave. The 21170 working face is shown in Figure 4.

3. Borehole Wall Protection

Cracking of the soft structure is mainly caused by repeated
drilling, blasting, water pressure [22], and air pressure
[23, 24]. The complete rock mass is split into a loose state by
an artificial method. The strength of the surrounding rock
and support structure considerably influences the support of
the roadway. Pressure relief or soft structure cracking

technology, such as drilling and blasting, transfers the stress
from the roadway and weakens the strength of the roadway
surrounding rock. After cracking, the structural integrity of
the support structure is diminished, which deteriorates the
stability of the roadway support. To protect the support
structure from damage, the support structure is protected by
an internal steel pipe. The control effect of the support
structure and the internal steel pipe used for borehole
protection on the strength of the surrounding rock and
integrity of the support structure is analysed through nu-
merical simulations; moreover, the stress and plastic zone of
the surrounding coal and rock mass are investigated.
According to the geological conditions of the 21170
roadways, after the support of the roadway is completed,
large-diameter pressure relief holes are drilled in the
roadway. The drilling is performed perpendicular to the two
sides of the roadway. The diameter of the hole is 110 mm,
and the length and distance are 10 m and 1 m, respectively.
The simulated roadway and support parameters are
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consistent with those on site. The steel pipe adopts a linear
elastic constitutive model, with an elastic modulus of
210 GPa and wall thickness of 0.05m. The steel pipe is
modelled with cylindrical shell elements, for which the grid
is as uniform as possible, and the grid in which the steel pipe
and coal body are in contact is consistent. A contact surface
is provided between the steel pipe and coal, and a hollow
cylindrical grid is implemented at the contact surface on the
steel pipe side. Figure 5 shows the simulation of the pressure
relief hole.

Figures 6-11 show the stress and displacement states
under the Mohr-Coulomb criterion. Almost no displace-
ment is observed around the steel pipe; however, the dis-
placement in the area around the steel pipe is 20 times larger
when no steel pipes are used. The results of the stress cal-
culation show that the stress in the coal cannot be released in
the case of drilling with steel pipes installed, and the value is
similar to the stress before drilling; in contrast, the stress in
the coal is released when no steel pipes are used. Figure 12
shows the creep relations of the roadway during drilling with
and without steel pipes. The plastic zone is larger when the
borehole does not have a steel pipe. Under the action of high
stress and large creep, the fracture range of the plastic zone
further increases, thereby affecting the stability of the
roadway support structure.

After the calculation balance of the roadway excavation,
the plastic failure area of the surrounding rock is redefined
into a new group by fish language. The Burger creep model is
used as the constitutive model. The maximum time step is
0.04, the calculation time is 200, and the corresponding site
age is 200d. The creep variation and creep rate of the
roadway are recorded in the whole process. Figure 13 shows
the relationship curve of the creep variable, creep rate, and
time.

4. Using a Soft Structure to Prevent Rockburst

4.1. Energy Absorption of a Soft Structure. A rockburst is a
shock wave produced by either fracturing hard, thick strata
during the mining process, or the movement and fracture of
strata during the blasting process. The stress wave is directly
transmitted to the roadway or working surface, and it may
exceed the ultimate bearing capacity of the surrounding
rock. Cracks in the surrounding rock induce instability and

70 working face.

failure of the support structure. Therefore, a soft structure
with an energy-absorption function can be set outside the
support area. The shock wave is considerably weakened
through the scattering and absorption provided by the soft
structure, and, consequently, the stability of the support
structure can be maintained. Figure 14 shows the soft
structure used for the mine roadway [25, 26]. The soft
structure is essentially a wave absorption zone [27, 28]. The
loose coal or rock formed by fracturing is used to absorb the
energy generated by the rockburst.

In the process of transmission, an impact-induced stress
wave may destroy the coal and rock mass. The energy generated
when the impact occurs is denoted as E, the energy consumed in
the transmission of the outer strong structure is denoted as E,
and the energy absorbed by the middle soft structure is denoted
as E,. Therefore, the remaining energy that reaches the support
structure is E; = E-E;—E,. The energy absorption provided by
the soft structure mainly includes the energy absorbed by the
loose blocks and spatial scattering and that through rotation and
rock reflection [29, 30], as shown in Figure 12. Energy is
absorbed by the loose blocks because the dynamic shock wave
requires more time to propagate through a fractured coal/rock
mass than through a dense coal/rock mass, which decreases the
shock wave velocity and vibration wave velocity; thus, the
impact energy is reduced. Rotational energy absorption refers to
the rotation/movement of the fractured coal/rock induced by
the transmission of the dynamic waves, which transforms a
portion of the impact energy to kinetic energy. Spatial scattering
energy absorption refers to the energy absorbed through the
formation of a broken area including fractured coal and rock. As
the dynamic wave propagates, it is scattered to the surrounding
broken area and expands continuously through the loose
particles, thereby decreasing the energy of the dynamic wave.
Rock-reflected energy absorption refers to the reflection and
transmission phenomena of the dynamic wave in the broken
area. After reflection, the energy of the transmitted dynamic
wave is reduced, and the wave is dispersed. Therefore, the
impact energy of the dynamic wave propagating to the roadway
is reduced.

4.2. Numerical Simulation Development. A numerical sim-
ulation in FLAC3D is performed to examine the energy ab-
sorption and stress distribution of the soft structure in the
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roadway. According to the geological characteristics of the
21170 roadway, the numerical calculation model is as shown in
Figure 15. This model has dimensions of 60 m x 50 m x 60 m
(Xx YxZ), and a roadway with dimensions of 5.8 m x 3.5m is
excavated in the centre of the model. According to the analysis
of the soft structure with different widths and thicknesses, the
soft structure is located 10 m outside the roadway support layer,
with dimensions of 5m x 5m. The dynamic impact load is
applied on the upper part of the model. The soft structure
parameters can be set as 1% to 1/1000 of the rock parameters;
we use 1% [31].

At the top of the model, a vertical stress of 17.5MPa is
applied to simulate the overburden. The horizontal and bottom
sides are roller-constrained. The Mohr-Coulomb criterion is
used to simulate the rock strata. Poisson’s ratio of the coal and
rock and the modulus of elasticity, cohesion, and tensile
strength can be assumed to be 1.2-1.4 times and 0.1-0.25 times
greater than those obtained through laboratory testing, re-
spectively [32]. The average uniaxial compressive strength and
average stiffness are 0.284 times and 0.469 times the values
obtained in the laboratory [33]. According to the parameters
determined experimentally, the distribution and mechanical
parameters of the model are as shown in Table 1. The simu-
lation involves the following steps. (1) Establish the model, set
the boundary conditions, and balance the initial stress. (2)
Excavate the roadway for static analysis. (3) Apply a dynamic
load to simulate the effect of the roadway support without a soft
structure. (4) Simulate the effect of the roadway support with a
soft structure.

4.3. Impact Loading. The impact loading from a roof collapse
on the roadway and time-history curve of the impact are shown
in Figure 16. A roof collapse produces a dynamic load with an
extremely short duration and high loading speed. The stress
from this dynamic load has only a single peak, as it undergoes
one loading and unloading action and later decays rapidly; no
second stress wave occurs. The overall change trend is in the
form of a pulse load. The maximum stress from the impact-
induced dynamic load is 13.9MPa, and the dynamic load
duration is approximately 25ms, of which the loading and
unloading durations are 5ms and 20 ms, respectively. The roof
collapse rapidly produces a dynamic load greater than the static
weight of the rock mass.

To describe the propagation of the stress wave in the
model, the maximum grid width of the model is set as 1 m,
which is less than 1/10 of the wavelength corresponding to
the highest frequency of the wave. The boundary conditions
are set as static boundaries, the mechanical resistance is
Rayleigh damping, the minimum critical damping ratio is
0.005, and the minimum centre frequency is determined by
the self-vibration frequency calculated using the model
without damping under the action of gravity. The minimum
centre frequency is calculated to be 8.0 Hz. The dynamic
calculation time is 80 ms.

4.4. Numerical Simulation Effect. Before applying the dynamic
load, the roadway strata are in a state of compressive stress, as
shown in Figure 17. Because the dynamic loading wave is

reflected and refracted at the interface of the roadway strata
during propagation, the reflected stress wave and unloading
effect of the impact load are superposed, which transforms the
vertical stress in the roadway from a compressive stress to a
tensile stress. The low tensile strength of rock and action of the
dynamic load can easily lead to tensile failure of the rock floor.
After the soft structure cracks, the vertical stress is reduced, and
the soft structure attenuates the stress wave and protects the
roadway from damage. Figures 18 and 19 show the simulation
results of the roadway displacement. The roadway displacement
is large under the action of the dynamic load in the roadway
without a soft structure. However, after the soft structure cracks,
the soft structure absorbs the dynamic loading wave, and the
roadway support structure is not damaged. Figure 20 shows the
plastic zone under the impact load, in which the tensile and
shear failures occurred in the roadway. Primarily existing shear
and tension failure units can be observed around the roadway
support without the soft structure; in contrast, existing and new
shear failure units can be observed around the roadway with the
soft structure.

The rockburst caused by the large-scale collapse of the rock
mass on the roadway and the dynamic loading and stope
pressure are superposed in the form of a vector. The result of
this stress superposition causes oscillations in the roadway stress
field. Since the stress state during dynamic loading shifts from
compression to tension, when the tensile stress is greater than
the tensile strength of the rock in the floor layer, cracks occur
along the tensile surface. Under the superposition of the dy-
namic load and mining support pressure, the shear stress is
concentrated, and the rock stratum is damaged by compression
and shear. The impact of a large-scale rock mass promotes the
development of fractures in the roadway strata, which causes a
significant increase in the range and depth of damage in the
roadway strata. The cracks created in the soft structure facilitate
wave absorption and energy dissipation, as the formation and
propagation of these cracks help absorb a portion of the energy
from the dynamic wave.

5. Engineering Case Study

5.1. Roadway Support. As shown in Figure 21,
@22 x 2500 mm anchors are used for the roof, for which the
individual spacing is 900 mm, and the row spacing is
800 mm; ®©18.9 x 5300 mm anchor cables are arranged along
the roadway, with an individual spacing of 1.5m and row
spacing of 1.6 m; and ©18.9 x 8000 mm anchor cables are
arranged along the roadway, with an individual spacing of
2.5m and row spacing of 1.6 m. Two rows of horizontal
anchor cable beams are constructed in the middle of the two
sides and near the bottom. The anchor cable has dimensions
of ®18.9 x 5300 mm, the steel beam is 3.2 m long, and the
hole spacing is 1.6 m. After installing the anchor and mesh
support, a hydraulic lifting shed is built along the centre of
the roadway to strengthen the support.

5.2. Soft Structure Cracking. The repeated cutting method is
used to weaken the two sides of the roadway to create the
“soft structure” to absorb the dynamic and static energy. The
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TaBLE 1: Mechanical parameters of the coal and rock used in the numerical model.

Rock strata

Thickness (m) Density (kg/m3) Bulk modulus (GPa) Shear modulus (GPa) Cohesion (MPa) Friction angle (°)

Conglomerate 5 2440 3.06 1.66 21 34
Fine sandstone 20 2540 4.5 2.8 2.5 23.25
Carbon mudstone 2 2600 4.2 0.47 3.5 32
Coal 12 1350 0.433 0.2 7.0 33
Fine sandstone 3 2570 1.01 0.70 2.6 26
Mudstone 40 2450 2.82 0.57 3.5 32
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FIGURE 16: Time-history curve of the impact load.
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FIGURE 17: Stress field analysis. (a) Roadway without a soft structure. (b) Roadway with a soft structure.

drilling machine prepares several pressure-relief holes in the
designated positions of the coal and rock on the left and right
sides of the roadway. The diameter of the drilling hole is
110mm, and the spacing between the openings of the
pressure-relief holes is 3m. A 10m steel pipe is inserted in
the borehole to protect the strong structure from damage,
which helps strengthen the strong structure in the roadway.
We continue drilling from the pressure relief borehole inside

the steel tube and crack the coal and rock in the roadway by
using the drill pipe deep in the pressure relief borehole. After
the cracking, the coal and rock are interconnected to form
the soft anti-impact structure of the two sides of the
roadway. After the two sides of the roadway are compacted
under the action of the pressure of coal and rock mass, the
coal and rock masses are cracked and relieved through
repeated cycles of inserting steel tubes without destroying
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FIGURE 18: Z-displacement analysis. (a) Roadway without a soft structure. (b) Roadway with a soft structure.
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FiGure 19: X-displacement analysis. (a) Roadway without a soft structure. (b) Roadway with a soft structure.
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FIGURE 20: Plastic zone. (a) Roadway without a soft structure. (b) Roadway with a soft structure.
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the strong and small structures in the roadway. The support
layer of the roadway does not enlarge the loose circle of the
coal and rock mass under the action of pressure relief
drilling.

According to the observation of the mine pressure, holes
(depth and diameter of 20 m and 110 mm, respectively) are
drilled on both sides of the roadway, and 10 m long steel
pipes are placed in the holes. The steel pipe can be formed by
the butt joint of a short steel pipe and screws. In the outer
end of the steel pipe, the loose structure of coal is formed in
the process of drilling. After the soft structures of the two

sides of the roadway are compacted under the pressure of the
coal and rock mass, drilling is again performed through the
steel pipe into the pressure relief borehole to crack the coal
and rock mass of the roadway. According to the compaction
of the soft structure of the two sides of the roadway, the coal
and rock mass of the roadway is repeatedly cracked many
times. In this process, the left and right sides of the roadway
do not expand the loosening ring of the coal and rock mass
under the action of pressure relief drilling, which protects
the support structure while cracking the soft structure. The
cracking of the soft structure is shown in Figure 22.
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FIGURE 23: Microseismic energy monitoring before and after soft structure construction.
TaBLE 2: Comparison of roadway supports.
Previous Present
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Figure 23 shows the microseismic energy monitoring of
the roadway before and after the soft structure cracking. It
can be noted that the energy monitored is significantly
reduced after the soft structure cracking. The stress in the
coal body can be noted to be transferred or absorbed, which
effectively reduces the roadway damage caused by the high
stress and rockburst.

5.3. Support Effect. The active support of the stable an-
chorage bearing circle of the roadway support and pressure
relief of the middle soft structure provide satisfactory stress
support conditions for the roadway. The internal steel pipe
used for borehole protection can repeatedly crack the middle
soft structure while protecting the support structure from
damage, which prevents not only the crack expansion of the
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loosening circle of the support structure but also the overall
instability of the support of the roadway, thereby solving the
contradiction between the support and pressure relief of the
roadway. Table 2 compares the roadway support effects. The
support parameters significantly enhance the roadway
support situation. The selection of the support parameters is
reasonable, which effectively controls the roof separation
and deformation of the rock surrounding the roadway.

6. Conclusions

The combination of internal steel pipe borehole protection,
repeated borehole drilling, and soft structure cracking is
studied. The soft structure can solve the contradiction be-
tween the support and pressure relief of roadways. Nu-
merical simulations are performed to study the active
support of the support structure and energy absorption of
the soft structure. The internal steel pipe used for borehole
protection effectively prevents the support structure from
being damaged. When the soft structure cracks during
drilling, the energy from a rockburst transmitted to the
roadway is significantly reduced. The main conclusions are
as follows:

(1) The use of a soft structure for mine roadways is
examined, the support structure mechanism of the
surrounding rock is analysed, and the deformation of
the rock surrounding the roadway is effectively
controlled. The deformation and failure of the rock
surrounding the roadway are closely related to the
strength of the support structure.

(2) The soft structure can transfer or absorb high stresses
and high energy, thereby attenuating the shock wave.
The energy absorption provided by the soft struc-
tures is analysed, which mainly includes loose block
energy absorption, rotational energy absorption,
spatial scattering energy absorption, and rock-re-
flected energy absorption.

(3) The internal steel pipe used for borehole protection
can protect the support structure from being
weakened by pressure relief drilling. Under a high
stress and large creep, the fracture range of the plastic
zone in the roadway without a steel pipe increases to
1033 mm, according to the results of the numerical
simulation. The soft structure facilitates wave ab-
sorption and energy dissipation and can mostly
absorb the shock wave.

(4) To control the stability of the surrounding rock in
deep coal mines with high stresses, strong pressure
relief and large creep under the condition of mul-
tifactor superposition, and failure mode coupling,
the deformation and failure mechanism and failure
characteristics of the surrounding rock in such
roadways are studied. The combination of anchor
active support +hydraulic lifting support + soft
structure energy absorption is proposed. A steel pipe
is embedded in the support structure to protect the
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structure from damage; this configuration can retain
the integrity of the coal body in the roadway and
ensure the support effect.
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