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This paper examines the effectiveness of energy absorption anti-impact support in protecting the coal mine roadway from rock
burst and ensuring safe production. By establishing an ABAQUS numerical model of the support and wall rock, the mechanical
behavior of the system under static and impact loads have been investigated. The analysis includes the deformation of the wall
rock, plastic strain, plastic property, and damage range to evaluate the support effect and the synergistic effect with the wall rock.
The findings indicate that compared to ordinary support, the energy absorption anti-impact support exhibits a 20.40% increase in
maximum deformation, 4.74% increase in maximum stress, 66.67% decrease in maximum plastic strain, and 116.79% increase in
maximum absorption energy. The wall rock also experiences a 2.91% increase in maximum deformation and 10.19% increase in
maximum stress. These results suggest that energy absorption anti-impact support is effective in improving the anti-impact

performance of the support and providing a certain level of protection to both the support and wall rock.

1. Introduction

In recent years, China’s coal mining industry has shifted to
deep mining due to the depletion of shallow coal resources,
resulting in more complex formation conditions and an in-
creased risk of rock burst accidents [1]. Most rock burst in-
cidents occur in roadway, causing significant damage to the
wall rock and posing a serious threat to the safety of personnel
and equipment [2]. Rock support in burst-prone grounds
needs to address a few additional designs [3]. The use of
yielding support is a key component when designing a rock
burst support system. To prevent and mitigate these disasters,
energy-absorbing technology has become a research area in
roadway rock burst prevention and reduction [4].

Various studies have been conducted to improve
roadway stability and prevent rock burst accidents [5-8],

including the use of high-strength support systems such as
single hydraulic columns and portal hydraulic supports.
The yielding cable bolt has also been studied [9, 10]. Coal
pore structure will also be affected by other factors [11-13].
Those mentioned above follow the rock support guiding
principles. There are also some new support theories
[14, 15]. There are some prevention and control methods
for mining working face [16-18]. While these supports can
reduce the probability of rock burst incidents, they may not
be effective in mitigating the large impact energy associated
with some rock burst disasters. To address this issue, Jiang
et al. [19] proposed the use of energy-absorbing materials
[20], energy absorption, and anti-impact coupling support
[21], which have been shown to be effective in preventing
rock burst accidents. Based on the theory of support sys-
tems and the analysis of roadway wall rock [22], a design
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principle for anti-impact support has been proposed, and
the energy absorption anti-impact hydraulic support [23]
has been developed and successfully applied in the field. In
addition, a folded thin-walled device [24] has been pro-
posed as an energy absorption core device and yielding
hydraulic support, and its mechanical properties have been
studied.

This paper proposes that the use of a roadway energy
absorption anti-impact support structure can significantly
improve the prevention and control of rock burst in coal mines.
The support structure works in synergy with the wall rock to
enhance its effectiveness. To establish a system model between
the energy absorption anti-impact support and the wall rock,
a numerical calculation method is used. The mechanical state of
the support and wall rock combination system is analyzed
under both static and impact loads, based on the vertical and
horizontal deformation of the roadway, equivalent plastic
strain, plastic property, and damage range. These research
indicators are used to study the support effect of the energy-
absorbing support and its synergistic effect with the wall rock in
coal mine roadway.

2. Engineering Application

2.1. Energy Absorption Anti-Impact Support in Coal Mine
Roadway. The roadway, which is supported by anchor
mesh, anchor rods, anchor cables, hydraulic lifting sheds,
and hydraulic support for rock burst prevention, adopts
a semicircular arch section. The roadway anti-impact hy-
draulic support is installed within the range of 40 m-260 m
of the advanced coal mining face and the support is
implemented at a spacing of 3 m. The support base is buried
in the floor, and tracks and belts are laid on the base. The
hydraulic support adopts an energy absorption anti-impact
device, which is shown in Figure 1. There was a mining
earthquake event in 2016 which caused the mechanical
pressure gauge on the column in the two hydraulic supports
for rock burst prevention to burst and damage, but the wall
rock supported by the anti-impact structure did not have
obvious deformation and showed no signs of damage. This
event had a certain impact on the roadway in the support
area, but the energy absorption anti-impact structure ef-
fectively resisted the dynamic process of the wall rock
triggered by this mining earthquake.

2.2. Geological Background. The tectonics is a westward
inclined monoclinic structure without faults. The dip angle
of the coal seam is 1-3°, with an average thickness of 4.72 m
and a burial depth of approximately 680 m. The surface
water system in the mine field is not developed, and there are
no surface water bodies such as reservoirs and lakes.

According to the test results of the mechanical properties
of the top and bottom slates of the coal seams, the top and
bottom slates of each coal seam are mainly mudstone, sandy
mudstone, and siltstone, followed by fine and medium
sandstone. The compressive strength of coal samples is the
lowest among all rock types, belonging to soft rock and
fractured rock mass.
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FIGURE 1: Photo of the roadway supported by the energy absorption
anti-impact structure.

The compressive strength of the coal seam roof is be-
tween 3.20MPa and 77.42MPa, and the compressive
strength of the coal sample belongs to soft rock with broken
rock mass.

2.3. Energy-Absorbing Device. The crucial component of the
energy absorption and anti-impact support is a structural
member with special geometry [25, 26]. The mechanical
properties and energy absorption effect of this member play
a critical role in the anti-impact performance of the entire
support. The main structure of this component is depicted in
Figure 2.

The support function of the energy absorption anti-
impact support depends on the deformation of the
energy-absorbing device. After the deformation of the de-
vice, the support still has sufficient working resistance while
allowing the limited deformation of the wall rock to continue
to release energy, which can not only adapt to the de-
formation of the wall rock but also control the deformation
of the wall rock, giving full play to the support effect of the
support. Based on the abovementioned engineering appli-
cations, this paper studies the deformation synergy of the
roadway wall rock support model.

3. Simulation Calculation

3.1. Simulation Model. The finite element model for this
study was constructed using ABAQUS software, and the
calculation model is depicted in Figure 3. The roadway has
a width of 4.88 m. To minimize the boundary effects on the
model calculation process, a range of 3-5 times the tunnel
diameter is selected around the roadway and the model size
is 30mx30mx0.5m. The wall rock adopts the
Mohr-Coulomb constitutive relationship, and the me-
chanical parameters are presented in Table 1.

The energy absorption anti-impact support is composed
of Q550 steel with a yield strength of 550 MPa, a density of
7850 kg/ma, an elastic modulus of 206 GPa, and Poisson’s
ratio of 0.3. The simulation process adopts an ideal elas-
toplastic constitutive model, without considering the
hardening properties of the steel. The entire model uses



Shock and Vibration

Energy-Absorbing
Device

Hydraulic
Support
Column

1 Ll

FIGURE 3: Roadway wall rock support model.

universal contact, with normal behavior defined as “hard
contact,” tangential behavior defined as a penalty function,
and a friction coeflicient of 0.3. The wall rock element type is
C3D8R, with a total of 8288 elements, while the rack unit
type is S4R, with a total of 14456 units. Infinite elements are
used around and at the bottom of the model, and the element
type is CIN3D8. The method of coupling the finite element
and infinite element is used to simulate the surrounding
infinite space.

3.2. Calculation Condition. To investigate the difference in
support effectiveness between the energy-absorption anti-
impact support and ordinary support without an energy-
absorbing device, a comparison working condition was
established. Vertical stress is simulated for the upper part of
the wall rock, while horizontal stress adopts different lateral
pressure coefficients.

Two stress ratios were applied to load the wall rock, and
the specific calculation working conditions are presented in
Table 2.

4. Simulation Results

4.1. Support Deformation. The support deformation in the
roadway for each working condition is shown in Figure 4,
while the maximum value of support deformation is pre-
sented in Table 3.

Based on the results shown in Figure 4 and Table 3, it can
be observed that the energy absorption support deformation
increased by 20.40% compared to the ordinary support, with
the maximum deformation occurring at the upper right
column. In addition, the anti-impact support exhibits the
characteristic of deformation giving way to the overall de-
formation compared to the ordinary support. When the
ordinary support is subjected to external impact, the de-
formation is biased to one side, and the column displace-
ment is larger when the load increases. Although the
deformation of the top beam down and bottom beam up of
the energy absorption anti-impact support is larger than that
of the ordinary support, the integrity is better, and the
column part is close to the overall translation to ensure
a “strong column” [27]. Therefore, to further compare the
support deformation in the vertical direction under different
working conditions, the vertical support deformation is
analyzed.

Figure 5 illustrates the vertical deformation of the
supports. With the energy-absorbing device added at the
bottom of the hydraulic column, the vertical displacement of
the entire energy-absorption anti-impact support is pri-
marily the rigid displacement of the bottom beam. In
contrast, the vertical displacement of the column is small.
This demonstrates that the energy-absorbing device plays
a crucial role in protecting the column and preventing it
from bending damage.
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TaBLE 2: Calculation working conditions.

o1 =10MPa ov=10MPa oy =20 MPa

Ordinary support 1 2

Energy absorption support 3 4

U, Magnitude

+3.967e+01
+3.726e+01
+3.486e+01
+3.246e+01
+3.005e+01
+2.765e+01
+2.525e+01
+2.284e+01
+2.044e+01
+1.804e+01
+1.563e+01
+1.323e+01
+1.083e+01

U, Magnitude

+2.738e+02
+2.512e+02
+2.286€e+02
+2.060e+02
+1.834e+02
+1.608e+02
+1.383e+02
+1.157e+02
+9.308e+01
+7.049e+01
+4.790e+01
+2.532e+01
+2.727e+00

(c)

U, Magnitude

U, Magnitude

+1.294e+02
+1.186e+02
+1.078e+02
+9.705e+01
+8.626e+01
+7.548e+01
+6.470e+01
+5.391e+01
+4.313e+01
+3.235e+01
+2.157e+01
+1.078e+01
+0.000e+00

+1.197e+02
+1.103e+02
+1.010e+02
+9.158e+01

+8.219e+01
+7.281e+01
+6.343e+01
+5.405e+01
+4.467¢+01 ‘
+3.528e+01
+2.590e+01
+1.652e+01
+7.138e+00

(d)

FIGURE 4: Support deformation diagram: (a) work condition 1, (b) work condition 2, (c) work condition 3, and (d) work condition 4.

TaBLE 3: Support deformation.

_ oy=10MPa oy=20MPa
oy =10MPa (mm) (mm)
Ordinary support 39.67 129.40
Energy absorption 59.70 155.80

support

4.2. Support Stress and Damage Range. The stress of the
support is shown in Figure 6. The maximum value of stress is
shown in Table 4.

For ordinary supports, the stress is mainly concentrated
in the upper part of the three columns and the connection
between the middle column and the top beam. When the
vertical load increases to 20 MPa, the stress is mainly con-
centrated in the upper part of the three columns and the
variable cross section of the left and right columns. For the
energy absorption anti-impact support, the stress compared
with the ordinary support stress, it increased by 4.74%,
mainly concentrated in the upper part of the left and right
columns. Compared with the ordinary support stress, energy
absorption devices are mainly concentrated in the bottom

beam which increased by 9.09%. The upper left and right
column strengths of both brackets are low, and there is a risk
of yielding during application. After the energy-absorbing
device is applied to the support, the stress in the upper part
of the center column is obviously reduced, the overall stress
distribution is more uniform, the stress concentration parts
are reduced, and the support is more reasonably stressed.

The equivalent plastic strain of the supports is shown in
Figure 7. The maximum values of the equivalent plastic
strain are shown in Table 5.

The energy absorption anti-impact support is adopted,
and the overall stress of the support is different from the
position of the maximum equivalent plastic strain of the
ordinary support. The maximum equivalent plastic strain of
the ordinary support occurs at the location of the mid-
column variable cross section, whose place is more dan-
gerous. The maximum equivalent plastic strain of the energy
absorption anti-impact support occurs at the position of the
limit hinge of the bottom beam, and compared with the
ordinary support, the plastic strain decreased by 66.67%. In
the actual production and application process, there is
thickening treatment at the position of the limit hinge, and it



+6.013e+00
+2.260e+00
-1.494e+00
-5.247e+00
-9.001e+00
-1.275e+01
-1.651e+01
-2.026e+01
-2.401e+01
-2.777e+01
-3.152e+01
-3.527e+01
-3.903e+01

U, U2

+4.751e+01
+3.328e+01
+1.904e+01
+4.807e+00
-9.429e+00
-2.366e+01
-3.790e+01
-5.214e+01
-6.637e+01
-8.061e+01
-9.484e+01
-1.091e+02
-1.233e+02

S, Mises

SNEG, (fraction = -1

(Avg: 75%)

+5.251e+02
+4.813e+02
+4.376e+02
+3.938e+02
+3.501e+02
+3.063e+02
+2.626e+02
+2.188e+02
+1.751e+02
+1.313e+02
+8.756e+01
+4.380e+01
+5.347e-02

Max: +5.251e+02

Elem: DAOCHUMOXING-1.15646

Node: 17342

S, Mises

(Avg: 75%)
+5.500e+02
+5.043e+02
+4.585e+02
+4.128e+02
+3.670e+02
+3.213e+02

+2.755e+02

+2.298e+02
+1.840e+02
+1.383e+02
+9.256e+01
+4.682e+01
+1.071e+00

Max: +5.500e+02

Elem: XINWAITAO6MM-2.795

Node: 66

()
SNEG, (fraction = 1@

+4.771e+01
+3.782e+01
+2.793e+01
+1.804e+01
+8.151e+00
-1.738e+00
-1.163e+01
-2.152e+01
-3.140e+01
-4.129e+01
-5.118e+01
-6.107e+01
-7.096e+01

U, U2
(a)
m U)Uz

(c)

+4.779e+01
+3.395e+01
+2.011e+01
+6.265e+00
-7.576e+00
-2.142e+01
-3.526e+01
-4.910e+01
-6.294e+01
-7.678e+01
-9.062e+01
-1.045e+02
-1.183e+02

S, Mises

(Avg: 75%)

+5.500e+02
+5.043e+02
+4.585e+02
+4.128e+02

+3.213e+02
+2.756e+02
+2.299e+02
+1.841e+02
+1.384e+02
+9.266e+01
+4.693e+01
+1.192e+00

Max: +5.500e+02

m
Node: 9352

S, Mises

Node: 459

(©

SNEG, (fraction = -1.0)

] +Sm
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(b)
(d)

FIGURE 5: Support vertical deformation diagram: (a) work condition 1, (b) work condition 2, (c) work condition 3, and (d) work condition 4.

Elem: DAOCHUMOXING-1.4967

(b)

SNEG, (fraction = -1.0)
(Avg: 75%)

+5.500e+02

+5.043e+02

+4.585e+02

+4.128e+02

+3.671e+02

+3.214e+02

+2.756e+02

+2.299e+02

+1.842e+02

+1.384e+02

+9.272e+01

+4.699¢+01

+1.261e+00 500e+002
Max: +5.500e+02

Elem: XINENGHE90-1-LIN-3-1.159

(d)

FIGURE 6: Support stress diagram: (a) work condition 1, (b) work condition 2, (c) work condition 3, and (d) work condition 4.
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TABLE 4: Support stress.
oy =10 MPa oy =10 MPa oy=20MPa
Ordinary support 525.10 550.00
Energy absorption support 550.00 600.00
PEEQ PEEQ

SNEG, (fraction = -1.0)

(Avg: 75%)
+4.794e-01
+4.395e-01
+3.995e-01
+3.596e-01
+3.196e-01
+2.797e-01
+2.397e-01
+1.998e-01
+1.598e-01
+1.199e-01
+7.990e-02
+3.995e-02
+0.000e+00

Max: +4.794e-01
Elem: DAOCHUMOXING-1.14866
Node: 16749

(a)

PEEQ

SNEG, (fraction = -1.0)

(Avg: 75%)
+1.374e+01
+1.260e+01
+1.145e+01
+1.031e+01
+9.163e+00
+8.018e+00
+6.872e+00
+5.727e+00
+4.582e+00
+3.436e+00
+2.291e+00
+1.145e+00
+0.000e+00

Max: +1.374e+01
Elem: XINWAITAO6MM-3.2593
Node: 2901

1"374e+001

(0

SNEG, (fraction = -1.0)
(Avg: 75%)

+1.790e+00
+1.641e+00
+1.492e+00
+1.343e+00
+1.194e+00
+1.044e+00
+8.952e-01
+7.460e-01
+5.968e-01
+4.476e-01
+2.984e-01
+1.492e-01
+0.000e+00

Max: +1.790e+00
Elem: DAOCHUMOXING-1.21311
Node: 21936

(®)

PEEQ

SNEG, (fraction = -1.0)

(Avg: 75%)
+3.966e+00
+3.635e+00
+3.305e+00
+2.974e+00
+2.644e+00
+2.313e+00
+1.983e+00
+1.652e+00
+1.322e+00
+9.914e-01
+6.609e-01
+3.305e-01
+0.000e+00

Max: +3.966e+00
Elem: XINENGHE90-1-LIN-3-1.514
Node: 16

2966e+000

(d)

Ficure 7: Equivalent plastic strain of the support: (a) work condition 1, (b) work condition 2, (c) work condition 3, and (d) work

condition 4.

TaBLE 5: Equivalent plastic strain.

UH=10MPa UV=10MPa 0V=20MPa
Ordinary support 0.48 1.79
Energy absorption support 0.16 0.56

can be considered that the position meets the safety
requirements.

The plastic strain distribution of the support is shown
in Figure 8. Plastic deformation occurs in the upper part of
the three columns of the ordinary support, while the
columns of energy absorption anti-impact support are still
within the elastic range of the line. Therefore, it can be
considered that the energy-absorbing device applied in
the support can play a good role in protecting the support,
making the force of the whole support more uniform and
reasonable, and favorably reducing the risk of damage to
the support.

4.3. Support Energy. The energy nephogram of the three
columns of the support under each working condition is
shown in Figure 9. The energy absorbed is shown in Table 6.
It can be observed that the energy absorption is more than
twice that of ordinary support. The energy absorption of the
three columns is not equal, and the most energy absorbed
place is the left column. The energy absorption of the middle
column is the average of the left and right columns. When
the entire support is impacted, due to the close distance
between the left two columns, it bears more energy ab-
sorption function, while the right column absorbs less en-
ergy. The support structure can be optimized in the future.

4.4. Wall Rock Deformation. The deformation of the wall
rock is shown in Figure 10. Compared with the ordinary
support, when the wall rock is with the energy absorption
support, its deformation is improved by 3.59% and 2.91%,
respectively. It can be considered that the energy absorption



PEEQ

SNEG, (fraction = -1.0)

(Avg: 75%)
+4.794e-01
+1.000e-09
+9.167e-10
+8.333e-10
+7.500e-10
+6.667e-10
+5.833e-10
+5.000e-10
+4.167¢-10
+3.333e-10
+2.500e-10
+1.667e-10
+8.333e-11
+0.000e+00

Max: +4.794e-01

Elem: DAOCHUMOXING-1.14866

Node: 16749

PEEQ

SNEG, (fraction = -1.0)

(Avg: 75%)
+1.374e+01
+1.000e-08
+9.167e-09
+8.333e-09
+7.500e-09
+6.667e-09
+5.833e-09
+5.000e-09
+4.167e-09
+3.333e-09
+2.500e-09
+1.667e-09
+8.333e-10
+0.000e+00

Max: +1.374e+01

Elem: XINWAITAO6MM-3.2593

Node: 2901

(©

12374e+001

PEEQ
SNEG, (fraction = -1.0)
(Avg: 75%)

Max: +3.966e+00
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PEEQ

SNEG, (fraction = -1.0)

(Avg: 75%)
+1.790e+00
+1.000e-08
+9.167e-09
+8.333e-09
+7.500e-09
+6.667e-09
+5.833e-09
+5.000e-09
+4.167¢-09
+3.333e-09
+2.500e-09
+1.667e-09
+8.333e-10
+0.000e+00

Max: +1.790e+00
Elem: DAOCHUMOXING-1.21311
Node: 21936

+3.966e+00
+1.000e-08
+9.167e-09
+8.333e-09
+7.500e-09
+6.667¢-09
+5.833e-09
+5.000e-09
+4.167e-09
+3.333e-09
+2.500e-09
+1.667e-09
+8.333e-10
+0.000e+00

Elem: XINENGHE90-1-LIN-3-1.514
Node: 16

(d)

FiGure 8: Plastic strain distribution of the support: (a) work condition 1, (b) work condition 2, (c) work condition 3, and (d) work

condition 4.
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FIGURE 9: Energy nephogram of the support: (a) work condition 1, (b) work condition 2, (c) work condition 3, and (d) work condition 4.

TABLE 6: Equivalent plastic strain of column.

UH=10MPa UV=10MPa UV=20MPa
Left 4.25 12.63
Ordinary support Middle 3.04 9.95
Right 2.72 6.92
Left 11.82 27.38
Energy-absorption support Middle 8.91 21.85
Right 5.05 12.56

U, Magnitude

+3.707e+01
+3.398e+01
+3.089¢+01
+2.780e+01
+2.471e+01
+2.163e+01
+1.854e+01
+1.545e+01
+1.236e+01
+9.268e+00
+6.179¢+00
+3.089¢+00
+0.000e+00

U, Magnitude

+6.464e+01
+5.926e+01
+5.387e+01
+4.848e+01
+4.310e+01
+3.771e+01
+3.232e+01
+2.694e+01
+2.155e+01
+1.616e+01
+1.077e+01
+5.387e+00
+0.000e+00

(b)

U, Magnitude U, Magnitude
+3.840e+01 16.652e+01
+3.520e+01 +6.098e+01
+3.200e+01 +5.543e+01
+2.880e+01 +4.989e+01
+2.560e+01 +4.435e+01
+2.240e+01 +3.880e+01
+1.920e+01 +3.326e+01
+1.600e+01 +2.772e+01
+1.280e+01 +2.217e+01
+9.599¢+00 ﬂ-?gg:g}
+6.400e+00 ey
+3200e+00 +0.000¢+00
+0.000e+00 :
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Figure 10: Wall rock deformation: (a) work condition 1, (b) work condition 2, (¢) work condition 3, and (d) work condition 4.

anti-impact support is used to give way first and then resist The energy absorption anti-impact support calculated in
to the wall rock, which can also ensure the overall de-  this paper has a yielding effect in the vertical direction. From
formation of the wall rock. the vertical deformation of the wall rock in Figure 11,
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F1GURE 11: Vertical deformation of the wall rock: (a) work condition 1, (b) work condition 2, (c) work condition 3, and (d) work condition 4.
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Figure 12: Continued.
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FiGURE 12: Mises stress of the wall rock: (a) work condition 1, (b) work condition 2, (¢) work condition 3, and (d) work condition 4.
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FiGgure 13: Equivalent plastic strain distribution of the wall rock: (a) work condition 1, (b) work condition 2, (c) work condition 3, and (d)
work condition 4.
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because the energy absorption anti-impact support leaves
a deformation space of about 120 mm in the vertical di-
rection, when the external force acts on the support, the
allowable deformation is larger compared to the ordinary
support. Finally, the deformation in the vertical direction of
the wall rock increases when the wall rock is supported by
the energy absorption anti-impact support, and the maxi-
mum value only increases by 0.85mm. That means the
energy-absorbing device applied in the roadway, the wall
rock, and the energy absorption anti-impact support can
deform together. The support first gives way, the wall rock
resists the external impact, and then the support and the wall
rock resist the pressure together to achieve synergy.

4.5. Wall Rock Stress and Damage Range. 'The stress distri-
bution in the wall rock is shown in Figure 12. In the process
of deformation of the energy absorption anti-impact support
giving way, the wall rock stress has a certain degree of re-
lease, making the secondary stress redistribution process
also increase the scope of influence. Compared with the
ordinary support, the maximum stress of the wall rock is
increased when the energy absorption anti-impact device
supports the wall rock; when o =10 MPa and ¢y = 10 MPa,
the maximum stress is 67.05 MPa and the maximum value is
increased by 10.19%, and when oy=10MPa and
oy=20MPa, the maximum stress is 55.52 MPa and the
maximum value is increased by 16.42%. The equivalent
plastic strain distribution of the wall rock for each working
condition is shown in Figure 13. The plastic zone of the wall
rock is increased when the energy-absorbing device is used,
making full use of the wall rock itself to resist external
dynamic loads.

5. Conclusion

(1) After the energy-absorbing support mentioned in
this article was used in a certain project, a mining
earthquake occurred in a coal mine. The mechanical
part of the hydraulic support column was damaged
due to excessive pressure, but the deformation of the
wall rock roadway was not significant, and the
support structure did not show any damage. The
energy-absorbing and anti-impact support effec-
tively resisted the dynamic damage of the wall rock
caused by the mining earthquake.

(2) The addition of the energy-absorbing device in the
support has significant advantages. The stress con-
centration area is reduced, and the overall stress
distribution becomes more uniform. This results in
a more reasonable stress distribution on the support
and reduces the risk of damage. The energy-absorbing
device also allows for deformation giving way to the
overall deformation, making the force of the whole
support more uniform and reasonable. Therefore, the
energy-absorbing device applied in the support plays
a significant role in protecting the support.

(3) The energy absorption anti-impact support can ef-
fectively absorb more energy compared to ordinary

Shock and Vibration

support. This means that it can reduce the plastic
damage caused by the impact load on the hydraulic
support. This feature is particularly useful in envi-
ronments where impact loads are high, as it can help
prevent structural damage and ensure the long-term
stability of the support.

(4) The energy absorption anti-impact support can
deform together with the wall rock. This means that
the support first gives way, and then the wall rock
resists external shocks, and finally, the support and
the wall rock resist pressure together. This process
achieves synergy between the support and the wall
rock, ensuring the overall deformation of the wall
rock. The energy absorption anti-impact support’s
ability to give way first and then resist the wall rock
makes it an excellent choice for supporting the
tunnel structure in environments where impact loads
are high.
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