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Mechanical characteristics of roadway surrounding rock under different stress wave disturbances are the key to design roadway
supporting scheme. In this study, the 2802 transportation roadway in Zhangcun Coal Mine is selected as the engineering
background. The distribution of stress, displacement, and plastic zone in surrounding rock under the impact of different stress
waves is studied. Results show that the stress and displacement of the roof, floor, and coal walls present fluctuating change with
time during the stress wave loading process. With the increase of disturbing intensity of stress wave, the resistance ability for stress
wave disturbance of the roof is lower than that of the floor, while the resistance ability of two sides is the same. The volume of
plastic zone in roadway surrounding rock was calculated by the self-compiled FISH code. The relationship between the plastic
zone volume and the stress wave disturbing intensity in different states is explored. The cubic polynomial relationship between the
volume and the disturbing intensity in the state of shear_past and tension_past is obtained. Under the simulated condition, the
disturbing intensity of stress wave has the greatest influence on the increase of shear_past volume when it equals 11 MPa. While
the disturbing intensity of stress wave has the greatest influence on the increase of tension_past volume, it equals 7 MPa.
Meanwhile, the relation between stress wave disturbing intensity and surrounding rock stress and displacement is obtained
respectively. The achievements provide a theoretical base for roadway surrounding rock support under dynamic and

static loading.

1. Introduction

With the increase of the scope and depth of coal mining,
China’s coal mining has gradually entered the deep mining
stage [1]. The current mining depth in China has reached
1500 m [2, 3]. During coal mining, a series of safety problems
caused by the large deformation and destruction of sur-
rounding rock of deep buried roadway need to be further
solved [4]. The mining process inevitably bears the stress
adjustment disturbance caused by the machinery or blasting
induced loading/unloading. It belongs to the typical dy-
namic and static combined stress state [5]. Therefore, a
better understanding of the mechanical properties of
roadway surrounding rock under the action of dynamic and
static combined loading is beneficial to improve the stability
of surrounding rock and provide reference for the opti-
mization of support design.

The methods of experimental testing and numerical
simulation are carried out to study the deformation and
failure behaviors of roadway surrounding rock under dy-
namic and static combined loading. Wang et al. [6] devel-
oped a test equipment to study the damage of the
surrounding rock of the roadway by dynamic loading. When
roadway surrounding rock reaches its bearing capacity, this
increases the input energy of the dynamic load and increases
the AE events and causes serious damage to the surrounding
rock. Other test experiments were conducted. Guo et al. [7]
used the digital laser dynamic caustics system to study the
influence of the blasting load on the adjacent roadway. Tang
et al. [8] used the SHBP experimental device to simulate the
dynamic mechanical response and energy dissipation be-
havior of coal samples under impact loads. The main
methods of numerical simulation include discrete element
method, analytical method, and finite element method
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[9-17]. Qian et al. [17-20] simulated and studied the in-
fluence of lateral pressure coefficient, dynamic load am-
plitude, and disturbance time on the stability of roadway
surrounding rock by using software of REPA, PFC*", and
FLAC’”. They pointed out that with the increase of dynamic
load amplitude and disturbance time, the deformation of
roadway surrounding rock increases, as well as the stress,
displacement, and the number of cracks on the roof and
floor. As a result, the damage degree of roadway increases
and the stability becomes worse. Fan et al. [21] simulated the
response characteristics of the surrounding rock of deep
chamber with a large section under the influence of dynamic
and static loads by the dynamic module of FLAC’”. The
stress, deformation, and rupture range of surrounding rock
under static load were analyzed, as well as the response law
of chamber surrounding rock under different frequency,
intensity of impact loadings, and distance between cham-
bers. Wang et al. [22] simulated the mechanical response of
roadway surrounding rock under dynamic disturbance. The
greater the original rock stress, the more significant the
impact of dynamic disturbance on roadway surrounding
rock. For deep high-stress roadways, the dynamic distur-
bance causes peak horizontal stress in roof and floor and
reaches a very high stress state to form a large-scale plastic
yield area with a risk of rock burst. Jia et al. [23] studied the
nonlinear evolution characteristics of surrounding rock and
discussed the influence of mining sequence on its stability by
three-dimensional dynamic finite difference method. Kong
et al. [24] investigated the deformation of roadway under
different dynamic and static loadings using fast Lagrangian
analysis software. It is found that the greater the dynamic
load, the greater the increase in roadway deformation under
the same static loading. Under different static loadings, the
dynamic response of the stress distribution of roadway
surrounding rock is different. Xue et al. [25] simulated the
damage of dynamic stress to roadway surrounding rock by
using UDEC software and explored the influence of the
thickness and strength of the roof. The above research re-
veals the deformation and failure laws of roadway sur-
rounding rock under the action of dynamic and static
combined loadings from different points of view.

However, the studying of influencing factors on the
stability of surrounding rock is limited as only one factor is
considered at the same time. In the deep mining, the dy-
namic damage and deformation of surrounding rock are
resulted by a combination of multiple factors. This paper
designs 7 sets of plans and uses FLAC’" software to study the
stress, displacement, and plastic zone distribution of road-
way surrounding rock under different stress wave distur-
bance intensities. The functional relationship between the
volume of plastic zone and the intensity of stress wave in
different states is obtained. The changes of displacement,
stress, and plastic zone of roadway surrounding rock are
analyzed. The polynomial function of the maximum stress
and displacement in the roof, floor, and two sides of roadway
and the intensity of stress wave are fitted. The results provide
a theoretical guidance for roadway surrounding rock control
under dynamic and static loading.
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2. Failure Mechanism of Roadway Surrounding
Rock under Dynamic and Static Loading

During underground mining, dynamic phenomenon such as
roof failure, fault activation, rock burst, and coal and gas
outburst occur usually accompanying stress waves. The
stress wave generates an impact loading in the rock mass and
subsequently propagates outward as shown in Figure 1.
When the stress wave encounters the interface between two
types of media, part of the stress wave is transmitted or
refracted through the interface, and the rest part of stress
wave is reflected. The refraction, reflection, and transmission
of stress waves are related to the impedance characteristics of
the media on both sides of the interface, which are reflected
by the wave impedance function of each dielectric layer in
dynamic impact. According to the theory of continuum
mechanics, the excavation of roadway will cause redistri-
bution of surrounding stress [26]. When the stress wave
generated by the fault slip vibration propagates in the infinite
and uniform ideal surrounding rock, it transports in all
directions with the wave source as the center. The impact
loading is generated during the wave propagation process,
which causes roadway surrounding rock to form different
areas in coal and rock with different stress and deformation
states, namely, the broken, plastic, and elastic zones.

Assuming that coal and rock medium is isotropic and
continuous, the impact loading generated by the longitu-
dinal wave (P wave) in the medium is derived based on the
elastic wave theory [27]:

Oap = PCyVp> (1)

where odp is the dynamic load generated by the P wave, Pa; p
is the medium density, kg/m’; c, is the P wave propagation
velocity, m/s; and v, is the peak vibration velocity caused by
the P wave, m/s.

Another basic wave generated by vibration is transverse
wave (S wave). The direction of particle vibration caused by
transverse wave is perpendicular to the direction of prop-
agation. The propagation of transverse wave generates shear
stress in coal and rock medium. The impact loading on coal
and rock medium caused by transverse wave propagation is
(22]

O4s = G)/, (2)

where G is the shear modulus, MPa, and y is the shear strain.

During the time period of dt, the tangent of the tan-
gential angle variable 6 of coal and rock media caused by
shear waves is defined as

v,dt

tan 0 = =—
c dt

(3)

where ¢ is the propagation velocity of transverse wave, m/s,
and vs is the maximum vibration velocity caused by the
propagation of transverse wave, m/s.
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FiGure 1: Failure mechanism of roadway surrounding rock under
impact loading.

Because the medium vibration velocity is far lower than
the shear wave velocity,
y=tan 0

vt
st (4)

¢ = \|— (5)

From (2) and (4), and (5), the impact loading generated
by the transverse wave can be solved as

g, = pcyv,. (6)
The impact loading generated by stress wave is

{ de = PCSVP, (7)
Ogs = PCsVs-

The stress in coal and rock mass is in equilibrium at
beginning if there is no mining disturbance [28]. The
equilibrium broken by the mining will cause energy release.
When the released energy is greater than the consumed
energy, the redundant energy will lead to dynamic damage.
The expression can be described as [29]

dU, dUC+dUS dUy

B 8
a dr ar ar’ ®

where UR is the energy stored in the surrounding rock, J; UC
is the energy stored in the coal, J; US is the energy input by
the mine earthquake, J; and UB is the energy consumed by
the coal and rock when the rock burst occurs, J. The sum of
the energy stored in coal and rock mass and the energy stem
from the stress wave can be expressed as

3
2
U= (0, +04) , (9)
2E
o
mem = ;n];m’ (10)

where o5 is the static load of coal and rock mass, Pa; od is the
dynamic load of coal and rock mass, Pa; obmin is the critical
impact loading, MPa; U is the sum of the energy stored in
coal and rock mass and the energy stem from the stress wave,
J; Ubmin is the critical minimum energy for impact, J; and E
is elastic modulus.

According to (8) and (9), and (10), the conditions of the
shock manifestation stress can be obtained, namely,

05+ 0y, 2 Opmin- (11)
When the impact loading and the static loading su-
perimpose and exceed the critical strength of surrounding
rock, the dynamic phenomenon will occur, and the roadway
surrounding rock will be destroyed and deformed.

3. Calculation Model and Plan

3.1. Engineering Geological Background. The 2802 trans-
portation roadway studied in this paper is located in the No.
3 coal seam in Zhangcun Coal Mine, Shanxi Province. The
coal seam is stable with an average thickness of 6.03 m. The
geological histogram is shown in Figure 2. The 2802
transportation roadway is arranged along the floor, with a
design length of 2050m. The section of roadway is rect-
angular, with the tunneling section area of 18.9 m* The 2802
transportation roadway is excavated in coal seam, which is
prone to be damaged under the disturbance of high stress or
dynamic loading.

3.2. Schedule for Static Analysis. According to the geological
conditions of 2802 haulage roadway, the calculation
model is established to study the mechanical character-
istics and instability deformation process of the roadway
surrounding rock under different stress wave intensities
by the dynamics module of FLAC3D software. Assuming
that the model is isotropic, the Mohr Coulomb criterion is
used for simulation. The specific parameters used in the
simulation process are shown in Table 1. The model size is
40m x10m x20.56 m (length x width x height). The ge-
ometry model is divided into 69000 elements. The
roadway is tunneled along the 3# coal floor, the section is
rectangular, the size is 5.4 x 4.0 m (width x height), and
the overall model is shown in Figure 3.

Before dynamic calculation, static balance is first
performed. In the static calculation, roller constraint is
applied on the left and right boundaries of the model,
while the fixed condition is for floor boundary, and
uniformly distributed loading condition with the weight
of the overlying rock is for the upper boundary. The static
calculation model is shown in Figure 4. The roof of the
model is buried at a depth of 400 m, and the upper boundary
loading is 10 MPa.
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Roofand | The thickness Columnar
floor of each layer 13 00 Rock name Lithology description
plate name (m) i
Basic 551 - Fine-grained Light gray, thick layered; fine-grained sand-like structure;
roof ’ - e sandstone mainly composed of quartz, followed by feldspar.
Immediate 35 | /== = Argillaceous Gray, thick layered; sandy argillaceous structure;
roof ’ — sandstone mainly composed of clay minerals.
3#coal 6.03 coal Blacl.<, huge thick lay#red, massive, powdery structure;
partly with a layer of argillaceous gangue, coal seamstructure.
Immediate Sandy .
floor 2.20 mudstone Gray, massive, sandy and muddy structure.
Basic 332 - - Fine-grained Gray, mainly quartz, followed by feldspar,
floor ’ - . siltstone with developed local fissures and uneven fractures.
FIGURE 2: Geological histogram.
TaBLE 1: Rock mechanics parameter.
Roof and floor Bulk density =~ Bulk modulus Shear modulus ~ Cohesion  Internal friction Tensile strength Remark
plate name (kg/cm3) (GPa) (GPa) (MPa) angle (*) (MPa)
Basic roof 2873 21.01 13.5 3.2 42 1.29 Experiments
Immediate roof 2487 5.97 6.01 2.06 40 1.13 Experiments
3#coal 1380 491 2.01 1.25 32 0.15 Experiments
Immediate floor 2483 9.97 7.35 1.2 32 0.58 Experiments
Basic floor 2460 10.83 8.13 3.75 38 1.84 Experiments
M Basic roof B Immediate floor
B Immediate roof B Basic floor
W 3#coal
FIGURE 3: Meshing of the 3D model.
3.3. Schedule for Dynamic Analysis. In the mining opera-  calculation process. The stress-time curve is shown in
tions, the disturbing stress produced by the failure of key = Figure 5:
strata, fault slip, blasting, and seismic vibration can be f<l
loaded in the form of stress wave. Complex shock waves can o(1l—-cos(2mft)), —,
be filtered through Fourier algorithm for high frequency and f
low frequency waves and replaced by simple harmonics. Sun F= (12)
et al. [30] simplified the impact loading to be a half sine wave t>1

and compiled it in fish language to embed it in the dynamic
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overburden strata

Horizontal hinge constraint

Fine-grained sandstone

3#coal

Sandy mudstone

Siltstone

Horizontal hinge constraint

Fixed constraint

F1GURE 4: Boundary condition of the static calculation model.
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FIGURE 5: Variation of disturbing stress wave with time.

where o is the peak stress, MPa; f is the disturbance fre-
quency, Hz; and ¢ is the dynamic load loading time, s.

According to the in-situ observation in literature [31],
the frequency of stress wave is mainly concentrated within
0-50 Hz. In this paper, the frequency of the stress wave is set
to 20 Hz, and the stress wave loading time is 0.2s. Seven
calculation schemes are designed to compare and analyze the
mechanical characteristics of roadway surrounding rock
under different stress wave intensities. The peak stresses of
Scheme 1 to Scheme 7 are 3, 5, 7, 9, 11, 13, and 15 MPa,
respectively. This paper adopts the value range of peak stress
in the literature [32] and refers to the microseismic moni-
toring data in field.

After the static force is balanced, the dynamic calculation
is performed. An impact loading is applied to the upper
boundary to simulate the impact loading caused by the
slippage of fault during the mining process. FLAC3D
software provides two types of damping, namely local
damping and Rayleigh damping. According to literature
[33], Rayleigh damping is selected, with a minimum
damping ratio of 0.3% and a center frequency of 5.2 Hz. The

static viscous boundary condition is used to reduce the stress
wave reflection, and the nonreflective boundary is used on
the top boundary of the model. Since the model is taken
from the deep semi-infinite boundary of rock mass, non-
reflective boundaries are used on both sides and bottom of
the model to absorb normal incident waves. The dynamic
calculation model is shown in Figure 6.

3.4. Procedure of Numerical Simulations. Step 1: before ex-
cavation, balance the ground stress in the model until
reaching the static equilibrium. Step 2: excavate the roadway
with size 54 x4.0m (width x height) until the model is in
static equilibrium (step =10654). Step 3: before dynamics
calculation, arrange monitoring points on the roof, floor, and
two sides of roadway surrounding rock to monitor changes in
stress and displacement. Step 4: apply a vertical downward
half-sine compressive stress wave on the top of the model and
continue the calculation. When step=110654, the first
compressive stress wave is transmitted into the model. The
detailed steps are shown in Figure 7.
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FIGURE 6: Boundary condition of the dynamic calculation model.
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F1GURE 7: Simulation flow chart.
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4. Results and Discussion on
Numerical Simulations

4.1. Stress Evolution in Surrounding Rocks. Figure 8 shows
the relationship between vertical stress of roadway sur-
rounding rock and the intensity of stress wave disturbance.
In Figures 8(a)-8(d), when the disturbing intensity of stress
wave increases from 0 MPa to 15MPa, the stress concen-
tration area in the roof and floor of roadway increases, and
the stress concentration area of two sides decreases. With the
increase of disturbing intensity, the stress concentration area
of roof and floor increases. The stress concentration also
intensified, leading to an increase in the damage range of the
surrounding rock. The location of the peak stress concen-
tration shifts toward the deep surrounding rock. Under the
influence of stress wave disturbance, the stress concentration
area in roof and floor is larger than that in two sides.
Meanwhile, the damage in roof and floor is more serious.

Figure 9 presents the relationship between the horizontal
stress of roadway surrounding rock and the disturbing in-
tensity of stress wave. In Figures 9(a)-9(d), when the in-
tensity of stress wave disturbance increases from 0 MPa to
15 MPa, the stress concentration area in roof and floor of
roadway increases. The increase in the stress concentration
area in two sides is greater than that in roof and floor. The
bearing capacity and stress of roadway surrounding rock
determine the elastoplastic deformation state. The defor-
mation and failure of surrounding rock in turn affect the
bearing capacity and stress, until the surrounding rock
reaches a mechanical equilibrium state. The stress wave
forms an impact loading during the propagation in coal and
rock mass. As the stress peak increases, the generated dy-
namic load gradually increases, resulting in obvious regional
division of the stress in surrounding rock.

Figure 10 illustrates the time history curve of the vertical
stress in roof and floor of roadway and the horizontal stress in
two sides. The disturbing time of stress wave is 0.1s. In
Figures 10(a)-10(b), when the disturbing intensity of stress
wave increases, the stress in roof and floor shows an increase-
decrease-stabilize trend. As shown in Figure 10(a), when the
time is from 0.01s to 0.05s, the stress is negative, and the
pressure is compressive stress. At time of 0.05s, the entire
stress wave enters the surrounding rock. After 0.05 s, the roof
stress is all positive, and tensile stress appears. The tensile
strength of the rock medium is far lower than its compressive
strength. When tensile stress and compressive stress alter-
nately act, the deformation in the roof and floor accumulates,
which provides the possibility of outburst failure for the in-
ternal rock mass. As shown in Figure 10(b), the stress value is
positive between 0.01 s and 0.05s, and tensile stress appears.
The reflection and transmission of stress waves appear on the
free surface. Because the surrounding rock has the effect of
medium damping, the stress wave will be consumed during
the propagation process, and the vertical stress in roof and
floor will gradually decrease and tend to be static load.

Figure 11 shows the relationship between the maximum,
minimum, and stable vertical stress in roof and floor, the
horizontal stress of two sides, and the disturbing intensity of

stress wave. When the intensity of the stress wave increases,
the stresses in surrounding rock increase. The minimum
stress in roof is similar with that of stable stress. The qua-
dratic interpolation polynomial function between the
maximum stress in roof and the intensity of stress wave is
shown in Figure 11(a). In Figure 11(b), the increase am-
plitude in the stable stress is the largest. The cubic inter-
polation polynomial function is fitted between the
maximum stress in floor and the intensity of stress wave. The
disturbance of stress wave has a great influence on the
maximum stress in roof and the stable stress in floor. From
Figures 11(c)-11(d), the stresses of two sides are similar.
When the disturbing intensity equals 9 MPa, the stable value
of stress is close to the minimum value. When intensity is
smaller than 9 MPa, the stable value is greater than the
minimum value. When the intensity is greater than 9 MPa,
the minimum value is greater than the stable value. The cubic
interpolation polynomial function is fitted between the
disturbing intensity of stress wave and stress in two sides.

4.2. Displacement Evolution in Surrounding Rocks.
Figure 12 shows the relationship between vertical dis-
placement of roadway surrounding rock and the disturbing
intensity of stress wave. From Figure 12(a), when the dis-
turbing intensity of stress wave is 0 MPa, the roof sinks and
the floor heaves. As shown in Figure 12(b), when the dis-
turbing intensity of stress wave is 5 MPa, the maximum roof
subsidence increases about 1.7mm, and the floor dis-
placement appears negative. In Figure 12(c), the maximum
roof subsidence increases, the influence range decreases, and
the subsidence around the roadway increases. The influence
range of roof subsidence in Figure 12(d) is larger than that in
Figure 12(c), while the maximum subsidence amount in-
creases about 17mm. From Figures 12(a)-12(d), when the
disturbing intensity of stress wave increases, the influence
range of roof and floor displacement extends. The distur-
bance of stress wave has great influence on roof subsidence.
When the propagation of stress wave encounters a free
surface, the negative displacement in floor will be resulted.

Figure 13 presents the evolution of vertical displacement
in roof and floor and horizontal displacement of two sides of
the roadway. From Figure 13(a), when the disturbing in-
tensity of stress wave is 0 MPa, the influencing range of the
displacement is larger in two sides of the roadway. In
Figures 13(b)-13(d), when the disturbing intensity of stress
wave increases, the displacement increasing area on the two
sides of roadway extends and the maximum displacement
increases. Figures 13(b)-13(d) illustrate that the maximum
displacement of the right side has increased from 4.84 mm to
26.6mm, with a growth rate of 449.5%. The maximum
displacement of the left side increases from 4.85mm to
26.6 mm, and the growth rate reaches 448.4%. Under the
action of stress wave disturbance, the resistance ability of
stress wave disturbance in two sides of roadway surrounding
rock is similar.

Figure 14 illustrates the evolution of vertical displace-
ment in roof and floor of roadway and horizontal
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FIGURE 8: Vertical stress cloud diagram. (a) Vertical stress with peak stress wave of 0 MPa. (b) Vertical stress with peak stress wave of 0 MPa.
(c) Vertical stress with peak stress wave of 11 MPa. (d) Vertical stress with peak stress wave of 15 MPa.
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F1GUre 9: Horizontal stress cloud diagram. (a) Horizontal stress with peak stress wave of 0 MPa. (b) Horizontal stress with a peak stress wave
of 5 MPa. (c) Horizontal stress with peak stress wave of 11 MPa. (d) Horizontal stress with peak stress wave of 15 MPa.

displacement in two sides. From Figure 14(a), when the
loading process of stress wave starts, the roof subsidence
behaviors have a maximum-minimum-stable trend. When
the disturbing intensity of stress wave increases, the roof
subsidence increases. In Figure 14(b), when the disturbing
intensity of stress wave increases, the displacement of roof
changes nonlinearly with an increasing-decreasing trend.
Figures 14(c)-14(d) illustrate that the displacement changes
of two sides is the same. When the intensity of the stress
wave increases, the displacements of two sides increase.

Figure 15 shows the evolution of vertical displacement in
the roadway roof and floor and horizontal displacement of
two sides. From Figure 15(a), when the disturbing intensity
of stress wave increases, the maximum, minimum, and
stable values of the roof subsidence increase, and the stable
value increases fastest. When the disturbing intensity of
stress wave increases from 3 MPa to 15MPa, the stable
displacement in roof increases from 8.94 to 54.46 mm with
an increase of 509%. The linear function of the maximum
roof subsidence and the disturbing intensity of stress wave
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FIGURE 10: Vertical and horizontal stress time history curves under different stress wave intensities. (a) Vertical stress time history curve of
roof. (b) The vertical stress time history curve of floor. (c) The horizontal stress time history curve of the left side. (d) The horizontal stress

time history curve of the right side.

disturbance is obtained by fitting. In Figure 15(b), the floor
heaving exhibits a fluctuating change that first increases and
then decreases. The inflection point appears when the dis-
turbing intensity of stress wave is 5 MPa, and the maximum
floor heaving decreases after the inflection point. When the
disturbing intensity of stress wave increases from 3 MPa to
15 MPa, the stable floor heaving is reduced from 4.88 mm to
0.96 mm, with a reduction rate of 408%. In Figures 15(c)-
15(d), the maximum, minimum, and stable displacements in
two sides increase linearly, and the stable displacement has
the largest increase, from 2.52mm to 26.39 mm, with a
growth rate of 947.2%. The linear function between the

maximum displacement in two sides of roadway and the
intensity of stress wave is shown in Figures 15(c)-15(d).
Under the disturbance of stress wave, the impact loading has
the greatest influence on the roadway roof.

4.3. Evolution of Plastic Zone. Figure 16 shows the plastic-
failure zone of roadway surrounding rock in roof, floor, and
two sides under different intensities of stress wave. The
volume of plastic zone is calculated by self-compiled FISH
code. In Figures 16(a)-16(d), when the disturbing intensity
of stress wave increases, the failure range of roadway
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surrounding rock gradually increases as new_shear failure
occurs. The shear failure range in roof increases, and the
failure area shows a convex shape. The main area in floor is
shear failure, and the area of tensile failure is continuously
expanding. Firstly, the shear failure in two sides occurs, and
then tensile failure occurs. Under the disturbing effect of
stress wave, the tensile failure of surrounding rock in roof
appears earlier than in the floor.

Figure 17 shows the relationship between plastic zone
and disturbing intensity of stress wave in different states. In
Figure 17(a), the volume shows increasing in shear_now
when the peak value of stress wave increases. When the
disturbing intensity of stress wave increases from 3 MPa to
15MPa, the volume of shear failure increases from

250.37m’ to 795.97m>, and the growth rate is 218%. In
Figure 17(b), the tension_now shows an increasing-de-
creasing-increasing trend. When the disturbing intensity of
stress wave is 9 MPa, the volume of tension_now is the
largest. In Figures 17(c)-17(d), when the disturbing intensity
of stress wave increases, the volume of tension_now shows
increasing-decreasing-increasing trend. In Figure 17(c), the
volume of shear_past increases steadily. However, when the
disturbing intensity of stress wave increases from 11 MPa to
13 MPa, the volume of shear_past suddenly increases from
811.27m’ to 1172.84m’, and the growth rate is 45%. In
Figure 17(d), the total volume of tension_past increases
steadily. When the disturbing intensity of stress wave in-
creases from 7 MPa to 9 MPa, the volume increases suddenly
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from 88.74m’ to 125.8 m®, and the growth rate is 42%. The
cubic interpolation polynomial functions between the vol-
ume in shear_past, tension_past, and the intensity of stress
wave are shown in Figures 17(c)-17(d).

5. Conclusions

Taking the Zhangcun 2802 haulage roadway as the engi-
neering geological background, 7 groups of numerical ex-
periments on the mechanical characteristics of roadway
surrounding rock under different stress waves are designed.
The evolution law of stress, displacement, and plastic zone
are contrastively analyzed and discussed. The conclusions
are as follows:

(1) During the compact loading of stress wave, the stress
and displacement curves in surrounding rocks of the
roof, floor, and two sides show fluctuations. The
maximum, minimum, and stable values appear in the
fluctuation process, which is similar to the har-
monics. As the peak value of stress wave disturbance
increases, the resistant ability of the roof is lower
than that of the floor, and the resistant ability of the
two banks is the same.

(2) Self-developed FISH code can be used to solve the
volume of the plastic zone in roadway surrounding
rock, and thus the relationship between the plastic
zone and the peak value of the stress wave distur-
bance under different conditions is obtained. Both of
the shear_past and tension_past volumes have a
third-order polynomial interpolation relationship
with the disturbing intensity of stress wave. When
the disturbing intensity of stress wave is 11 MPa,
stress wave has the greatest influence on the in-
creased volume of shear_past state. When the dis-
turbing intensity of stress wave is 7 MPa, stress wave
has the greatest influence on the increased volume of
tension_past state.

(3) The polynomial equations between the stress within
the surrounding rocks and the peak stress wave are
obtained. The polynomial function equations of the
displacement in the roof, floor, and two-sides are
gained with good fitting effect. These results provide
a reference basis for roadway surrounding rock
support under impact loadings.
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