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,e development and application of roadway group layout methods in coal mines have become more common and the mutual
disturbance of blasting and driving of roadway groups has also become more prominent at depth. To improve the stability of rock
mass surrounding roadways, we performed a systematic study on the factors that influence blasting and driving disturbances of
adjacent roadways in deep mine roadway groups. We use the dynamic analysis module in FLAC3D to obtain the influence laws of
three factors on the disturbance effects of adjacent roadways, namely, excavation methods, layer position changes of the roadway
group, and whether or not bolt support is applied in the first roadway. Blasting strongly influences the surrounding roadway and
increased horizontal distance can effectively reduce the disturbance effects of blasting and driving between adjacent roadways
compared with increased vertical distance. Bolt support of the first excavated roadway enhances the roadway integrity and better
stabilizes the rock structure surrounding the roadway. Industrial tests were carried out on three uphill roadways in the Gubei no. 1
mine (6-2). ,e monitoring results show that the movement of the roof and floor of the floor uphill return wind roadway is larger
than that on the two sides. ,ere is no notable change in the deformation speed of the surrounding rock in the floor return air
roadway, but the deformation speed of the uphill conveyor belt roadway changes significantly. ,e results show that when the
blasting excavation of a deep mine roadway group is more than five times the tunnel spacing, the increased horizontal distance
effectively reduces the disturbance effects of excavation between adjacent roadways, which is consistent with the
simulation results.

1. Introduction

,e total length of newly excavated roadways in Chinese coal
mines exceeds 1.4×104 km annually. Blasting remains the
most economical and practical way to break a rock in rock
roadways [1, 2]. With the expansion of mine design capacity,
safe mine production has become increasingly difficult using
a single roadway; two, three, or even multiple roadway
development and deployment methods have therefore be-
come a necessary choice [3, 4]. ,e increase of mining depth
further introduces roadway effects, such as high ground
stress, high ground temperature, high permeability pressure,
and mining disturbances, and the appearance of rock
pressure is particularly complicated [5–7]. To ensure the

stability of rock surrounding roadways and production
safety, systematic research on the factors that influence the
blasting and excavation disturbances of adjacent roadways
in deep mine roadway groups has therefore become in-
creasingly prominent.

Severe loads and shock waves are generated during
blasting construction, which extends cracks in the sur-
rounding rock, expands the loose circle, reduces the overall
structure stability, and can even lead to collapse and/or
damage accidents. Previous studies have extensively
addressed the law of shock wave transmission and load on
surrounding rock during construction blasting using labo-
ratory tests to measure wave speeds and amplitude attenu-
ation coefficients of different waveforms, combined with a
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dynamic damage calculation model to study the formation
mechanism of the blasting seismic waves and decay law
[8–10]. Field blasting test methods have also been used to
study the vibration field distribution around tunnels or hy-
draulic engineering rock mass at close range and combined
with particle vibration velocities to determine the seismic
wave transmission distance and direction [11, 12]. Vibration
effects caused by blasting pose the primary impact on existing
tunnels (roadways). ,e seismic wave and load generated by
blasting damage in the surrounding rock is an energy dis-
sipation process that exerts the greatest damage on the
surrounding rock surface. Although the rock mass in the
middle and far areas is insufficient to directly cause rock
fracture, further damage can be inflicted on weak surfaces
(e.g., joints, bedding, and fissures), thereby affecting the
stability of the rock structure surrounding adjacent roadways
[13–15]. Numerical simulation methods have been used to
study the influence of the relative position of a double tunnel
on stability, problems associated with construction proce-
dures, and mutual disturbances during construction [16–18].
Several studies have also addressed the stability of the sur-
rounding rock of double-lane tunnels during blasting and
tunneling, including analysis of the impact of blasting con-
struction on urban double-lane tunnels with small spacing
based on field measurement data and the mechanical be-
havior characteristics of the rock wall during construction
blasting of double-line small-distance tunnels [19, 20].

Reinforcement technical measures have been proposed
to ensure rock wall stability. ,e vibration of an existing
tunnel under different surrounding rock types and tunnel
spacing conditions has been analyzed using ANSYS software
to determine the influence of existing tunnels on the vi-
bration of adjacent tunnels [21]. For coal mine roadways, a
study has investigated the propagation law and influence of
disturbance stress during driving and blasting and simulated
the influence of single blasting distance on the disturbance
effects of adjacent roadways. A higher number of blasting
disturbances has been shown to lead to more serious de-
formation of the surrounding rock near the roadway. In-
creasing the one-time blasting excavation length is beneficial
for reducing the disturbance effects of short-distance
roadway excavation [22]. However, the mutual disturbance
of roadway groups is mostly concentrated on the defor-
mation and failure characteristics of the rock surrounding
the roadway under the dynamic pressure during coal mining
[23–25]. In summary, previous blasting disturbance studies
mostly focused on tunnel construction (e.g., subways and
bridges) and the influence of a blasting disturbance on
adjacent roadways in coal mines is mostly considered to
originate from the disturbance damage and failure mech-
anism of the excavated rock mass. However, comprehensive
analysis of the factors that influence the disturbance effects
of blasting and excavation in deep coal mine roadway groups
remains scarce. Furthermore, the effects of dynamic dis-
turbances from the driving method and changes of roadway
space level remain poorly understood.

In this study, we used the FLAC3D dynamic loadmodule
to analyze the influence of two blasting and fully mechanized
excavation methods, the spatial layer change of the roadway

group, and the impact of bolt reinforcement on the adjacent
roadways. ,e disturbance law of adjacent roadway exca-
vation blasting is obtained based on the principal stress
distribution and particle vibration. Industrial tests were
carried out in three uphill roadways of the Gubei no. 1 mine
(6-2), and the monitoring results verify the conclusions of
the simulation analysis.

2. Materials and Methods

2.1. Engineering Background. ,e Gubei no. 1 mine is lo-
cated in Fengtai County, Huainan City, Anhui Province,
China, with an annual output of 6 million tons. ,e special
return airway for the sixth coal floor of the Beiyi (6-2) uphill
mining area is located in the northwest area of the 648 m
deep pit bottom depot. ,e driving section is located be-
tween the 6-2 coal and 1 coal seam from the Beiyi (6-2)
mining area. ,e gate of the return air stone gate was
constructed with an azimuth angle of 303° and the six coal
floors with an average vertical distance of 20m. ,e road-
ways were arranged parallel to include three roadways of six
uphill coal conveyor belts, six uphill coal floor return air
tunnels, and six uphill coal floor tracks with horizontal
distances of 30, 40, and 60m, respectively.,e six uphill coal
conveyor belts underwent roadway excavation in the 6–2
coal seam, and the remaining two roadways are at the same
level as the special return air roadway for the sixth coal floor.
,e excavation layer of the no. 6 coal floor special return air
tunnel is mainly located in interbedded mudstone and sand-
mudstone. ,e roof lithology is mainly fine sandstone, coal,
and mudstone, and the floor is mainly interbedded sand-
mudstone and fine sandstone.

,e horizontal distances between the floor dedicated
return air tunnel and the uphill floor return air roadway and
uphill conveyor belt roadway are 30 and 40m, respectively,
and the vertical distances are 0 and 20m. ,e section of the
special return air tunnel for the no. 6 coal floor is a straight
wall semicircular arch with dimensions of 5.4× 4.3m
(width× height). ,e supporting form adopted at this stage
is a single shed support. U29 steel is used for normal tun-
neling with a shed distance of 600mm, and U36 steel is used
for the abnormal zone with a shed distance of 500mm. Each
shed is constructed with four pairs of cable clamps with a
300mm spacing and four tie bars. Blasting is presently
adopted with daily footage of 6m (10 sheds).

,e section of the no. 6 uphill coal floor return air and
uphill roadway conveyor belt is a straight wall semicircular
arch with dimensions of 5.4× 3.8m. U29 metal sheds are
used for support, the shed spacing is 600mm, each shed is
constructed with four cable pairs, the cable spacing is
300mm, and there are four braces. A portion of the severely
deformed section is supplemented with anchor cables or
bolts on the roof and roadway shoulder angles, as shown in
Figure 1.

2.2. Rock Failure Mechanism of Roadway Blasting. To study
the impact of blasting and excavation disturbance in deep-
well tunnels, it is necessary to study the propagation of
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vibrational waves during blasting, especially how blasting
relates to the damage mechanism in rocks [26]. Livingston
rock blasting funnel theory asserts that the amount of energy
transferred to the rock when a charge explodes depends on
several factors, including the nature of the rock medium, the
explosive performance, and the amount and depth of the
charge.

Roadway excavation blasting is a part of semi-infinite
rock blasting, or blasting in free-surface rock mass. A rock
drill is used during tunneling to bore cylindrical holes on the
tunneling face, embed the charge in the rock, and form a
tight seal. When the charge explodes, aside from the for-
mation of crushing and fissure areas in the rock behind the
charge, the rock near the free surface is broken and thrown
out to form a funnel-shaped pit or a blasting funnel outside
the vibration zone, as shown in Figure 2.

When there is a free surface in the rock mass, blasting
causes a shock wave to propagate around the blasting source
inside the rock mass. Before the shock wave reaches the free
surface, the high-pressure rock mass points move radially
while the outer solid rock inevitably restricts this movement
[27]. When the blasting shock wave reaches the rock free
surface, the radial movement of the particles is no longer
restricted by the outer rock and the rock mass moves freely
outside. Under intense movement, rocks near the free
surface are thrown out to form an external destruction zone
for blasting. ,e free surface of a rock mass is the interface
between the air and rock mass, across which incident waves
are reflected. When the incident compression wave prop-
agates to the free surface, it produces a reflected wave or
tensile stress wave that propagates in the explosion source
direction within the rock mass. ,e stress and strain state of
the rock can be very complicated under the combined action
of the incident compression wave and reflected tensile stress
wave. ,e rock near the free surface initially produces radial
cracks. Rocks in the external damage zone are then thrown
out from the free surface under the action of the blasting gas
to form a blasting funnel. Rock damage near the free surface
is caused by the superposition of incident waves and

reflected waves. A portion of the energy generated by ex-
plosive blasting is consumed in the crushing and fissure
zones, another portion is converted into the kinetic energy of
the blasting funnel and broken rock mass, and another
portion is converted into sound and explosive shock waves.
,e remaining energy propagates outward in the form of
explosive shock waves.

2.3. Numerical Simulation Model. Deep mine roadway
groups are complex projects with several factors that affect the
blasting disturbance effects. We mainly investigate the influ-
ence of three types of external factors on the stability of rock
surrounding a blasting roadway group: driving methods,
spatial layer changes, and whether or not the first roadway is
bolted. FLAC3D is used in the calculations to establish a three-
dimensional numerical model. ,e model adopts the
Mohr–Coulomb yield criterion with dimensions of
100×10× 60m (x× y× z). ,e roadway forms a straight wall
semicircular arch with dimensions of 6× 5m (width× height)
and the roadway location is determined according to the
different influencing factors. ,e mesh size of the dynamic
analysis model is controlled by the shortest wavelength of the
input wave. Suppose themaximum size of the grid isΔl and the
shortest wavelength of the input wave is λ. To express wave
propagation, the model should satisfy Δl< (1/10–1/8) λ.
Combined with the applied stress wave, the maximum mesh
size is 1m; thus the model chooses the maximummesh size as
1m.,e dynamic analysis also requires relatively uniform grid
divisions, and the ratio of the largest to smallest grid size cannot
exceed 5.

,e model adopts the Mohr–Coulomb yield criterion,
imposes a static boundary on the left and right and front and
back, all lower boundaries are set as fixed displacement
constraints, and the upper boundary is the stress boundary.
According to the overlying strata thickness, a uniform load
of 20MPa is applied to the top surface (burial depth� 800m,
average density of the overlying strata� 2500 kg/m3). ,e
model range is regarded as homogeneous single rock ma-
terial to reduce the calculation workload, and the rock
mechanical parameters are selected according to laboratory
experiments (Table 1).

Static excavation is used in the calculation to simulate
comprehensive excavation construction. A dynamic load is
applied on the basis of static excavation to simulate drilling
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Figure 2: Blasting crater formation schematic diagram. W: min-
imum resist line; R: broken radius; r: blasting crater radius.Roadway floor
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Figure 1: Schematic diagram of supporting in the no. 6 uphill coal
floor return air.
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and blasting construction. In this simulation, a section of
blasting seismic wave recorded by actual monitoring is used
as input dynamic load. Its duration is more than 4000 steps,
the period is about 0.02 s, the dynamic application time is
0.1 s, and the overall simulation time is 0.3 s. And the three
influencing factors are combined to establish numerical
models, as shown in Figure 3.

3. Results and Analysis

3.1. Influence of Different Tunneling Methods on Disturbance
Effects. ,e energy attenuation of the blasting seismic wave
is closely related to the particle vibration velocity with regard
to the blasting vibration safety criterion. Most countries use
particle vibration velocity as an indicator tomeasure blasting
vibration intensity. ,e displacement of particles and vi-
bration velocities are therefore monitored in the rock sur-
rounding the first excavated roadway in the x- and
z-directions. Measured points are set on the vault of the two
sides, arch toe, and floor of the roadway. ,e layout of the
measurement points is shown in Figure 4.

,e horizontal principal stress of the first excavated
roadway is monitored in the two cases of comprehensive
excavation and blast excavation, as shown in Figure 5.

,e pressure on the roof and floor plate of the first
excavated roadway significantly increases during blast
excavation compared with fully mechanized excavation.
,is is because the vertical and horizontal reverse tensile
stresses on the rock increase under the action of hori-
zontal blasting stress waves and shock waves, which cause
the roof and floor stress to increase, resulting in radial and
circumferential cracks.

,e displacement of mass points 2 and 8 was monitored in
the x-direction and mass points 5 and 10 in the z-direction.,e
displacement changes of each mass point are shown in Figure 6.

When using static excavation (i.e., with a fully mechanized
excavation machine), the displacement changes of each mass
point of the first excavation roadway are 8.8mmof vault sinking,
10mm of floor rise, 7.2mm of left side displacement, and
7.4mm of right side displacement. ,e displacement change of
the roof and floor is greater than that of the side siding, whereas
the explosion-facing side siding displacement is not significantly
greater than that of the left siding. Compared with compre-
hensive excavation, the displacement of each particle does not
significantly increase in blast tunneling mode, whereas the vi-
bration time of each particle is significantly longer. ,is is
because the distance between the roadways is 30m and the
roadways are in the middle and far zones of the blasting vi-
bration. ,e blasting seismic wave propagates in the rock mass,
largely causing particle vibration, and cracks essentially no
longer form, thus the displacement change is small. ,e time
required for final stability is longer owing to the particle
vibration.

,e seismic wave during blasting and tunneling causes
strong vibrations of the internal rock mass particles, which
have a nonnegligible impact on the surrounding rock of the
adjacent roadway. ,e vibration speed of the surrounding
rock during tunneling of the fully mechanized excavator can
be ignored. ,e results show that under lateral blasting load
conditions, the horizontal vibration speed of each part of the
adjacent roadway is substantially higher than the vertical
vibration speed. ,is section mainly focuses on the peak
vibration velocity analysis of particles in the x-direction as
the failure criterion.

Figure 7 shows that the vibration velocity of each particle
generally assumes a harmonic form over time. ,e peak
vibration velocity of each monitoring point is analyzed to
determine the law of the first excavation roadway disturbed
by blasting and excavation of the adjacent roadway.,e peak
vibration velocity of each monitoring point is taken as the
object for analysis. Table 2 counts the peak vibration ve-
locities in the X direction of each monitoring point and
displays the results in the form of Figure 8.

When the adjacent roadway is driven by blasting, the
peak vibration velocity of the straight wall area on the ex-
plosion side of the first excavation roadway is the largest,
reaching 2.84mm/s. ,e vibration velocity of the upper arch
area of the straight wall on the front explosion side is second
only to the middle of the straight wall, reaching 2.52mm/s,
while the vibration velocity of the upper part of the straight
wall on the back explosion side is the smallest (0.814mm/s).
Different parts of the roadway respond differently to the
effects of blasting vibration, and the maximum peak vi-
bration velocity appears in the area of the straight wall and
arch on the explosion side of the roadway. ,is is the area
most affected by blasting and excavation and most prone to
damage. Attention should therefore be paid to support
strengthening. ,e vibration speed at the dome is less than
that of the front explosion side but higher than that of the
floor plate and back explosion side andmay also be damaged
by vibration owing to the influence of its own gravity. ,e
vibration speed of the back explosion side is relatively small:
only about 1/4 that of the front explosion side, which is
minimally affected by blasting/tunneling and is relatively
safe.

3.2. Disturbance Effects of Spatial Position Change of the
Roadway Group. Figures 9 and 10 show the monitoring
results of the horizontal principal stress of the model during
excavation on the left and right and the loading of seismic
waves.

,e loading seismic waves disturb the first excavated
roadway. ,e maximum principal stress changes on the left
and right sides of the first excavated roadway are monitored
during the entire simulation process, as shown in Figures 11
and 12.

Table 1: Physical and mechanical parameters of rock.

Density (kg×m3) Cohesion (MPa) Internal friction angle (°) Shear modulus (GPa) Bulk modulus (GPa) Tensile strength (MPa)
2500 0.6 35 5.29 9.18 0.21
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,e average maximum principal stress of the left and
right sides of the roadway excavated by the 10 m hori-
zontal movement model is 1.596e5 and 1.565e5, re-
spectively. ,e average maximum principal stress of the
left and right sides of the roadway with a vertical
movement of 10 m is 1.940e5 and 1.715e5, respectively.
In the model with 10 m of vertical movement, the
maximum principal stress also strongly fluctuates be-
cause the right side is close to the back driving roadway.

,e 10 m horizontal movement model can therefore
more significantly reduce the stress on the adjacent
roadway compared with the 10 m vertical movement
model.

Figures 13 and 14 show the vibration velocity curves of
the rock surrounding the roadway under the two layout
modes. Under the horizontal movement model, the vi-
bration intensity of each monitoring point is notably
stronger than that of the vertical movement model. ,e
maximum vibration velocity of the surrounding rock when
moving horizontally is 1.08 ×10−3m/s on the roof,
0.97 ×10−3m/s on the floor, 0.75 ×10−3m/s on the left side,
and 1.28×10−3 m/s on the right side. ,e maximum vi-
bration velocity of the surrounding rock when moving
vertically is 2.4×10−3m/s on the roof, 1.24 ×10−3m/s on
the floor, 0.75 ×10−3m/s on the left side, and 2.68×10−3 m/
s on the right side. When moving vertically, the initial peak
vibration speeds of the roof, right side, and floor of the
roadway excavated are notably higher than when moving
horizontally. In summary, increased horizontal distance
can effectively reduce the disturbance effects of blasting and
excavation between adjacent roadways compared with a
change of vertical distance.
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Figure 5: Horizontal stress of ahead roadway: (a) fully mechanized excavation and (b) blast excavation.
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Figure 6: Displacement of ahead roadway versus time of right side: (a) fully mechanized excavation and (b) blast excavation.
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Figure 7: Vibration velocity of all particles: (a) left side, (b) right side, (c) roof, and (d) floor.
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3.3. Disturbance Effects of Bolt Reinforcement in the First
Excavation Roadway. We monitored the displacement of
the roof, left, right, and floor of the first excavated roadway,
and the results are shown in Figures 15 and 16.

Without bolt support, the total displacement changes
of the roof, left, and right sides of the first excavated
roadway are 8.868, 7.612, and 6.861 mm, respectively;
with bolt support, the total displacement changes are
8.746, 7.586, and 6.828 mm. ,e total displacement
change is smaller when the first excavation roadway has
bolt support. Without bolt support, the total displace-
ment of the roadway floor is 9.188 mm; in the case of bolt
support, the displacement change of the floor plate is
9.527 mm. ,e floor is not reinforced when the roadway
is supported, which results in increased floor
displacement.

Figures 17 and 18 show the vibration velocity curves of
the rock surrounding the roadway with and without support.
,e peak vibration velocities of each particle under no
support conditions are 1.54×10−3m/s on the roof,
0.84×10−3m/s on the left side, and 2.84×10−3m/s on the
right side. ,e peak vibration velocities of each particle
under bolt support conditions are 1.62×10−3m/s on the
roof, 0.87×10−3m/s on the left side, and 2.98×10−3m/s on
the right side. ,e particle vibration speed increases in the
bolt support case compared with the no bolt support case.
,is is because bolt reinforcement strengthens the roadway
integrity and makes the internal connection closer. Bolt
support can enhance the roadway integrity, increasingly
stabilize the surrounding rock structure, and effectively
reduce the deformation of the surrounding rock. Reasonable
support for the first excavated roadway can therefore reduce
the impact of blasting excavation on the adjacent roadway
disturbance.

4. Industrial Tests

4.1. Monitoring Station Layout. ,e monitoring content
mainly includes the surface displacement and displacement
speed of the roadway. ,e cross section method is used to
collect measurements. Twenty-three measurement stations
were arranged according to an actual roadway excavation
situation, including 13 permanent measuring stations and 10
temporary simple measuring stations. Eight permanent
monitoring stations were arranged in the uphill direction of
the special return air passage for the no. 6 coal floor (B1–B8),
10 temporary simple measuring stations were arranged on
the no. 6 uphill coal conveyor belt (B1′–B10′), and 5 per-
manent measuring stations were arranged on the no. 6 uphill
coal floor return air, as shown in Figure 19. ,e mine
pressure observation instruments mainly include the special
short bolt with hook nut, multipoint displacement meter,
and anchor cable dynamometer.

4.2. Monitoring Results and Discussion

4.2.1. Impact of Blasting in the Special Return Airway on the
Uphill Floor Return Air. ,e multisection method was used
to analyze the convergence data of the uphill floor return air
surface. ,e deformation curve and deformation speed
curve of the two sides, roof, and floor were obtained within 1
month of the roadway excavation, as shown in Figure 20. In
the initial observations, the special return air roadway for the
floor lags head-on and the horizontal distance of the floor
return air uphill station is 27m; at the end of the obser-
vations, the distance is 42m.

Figure 20 shows that the displacement of the two sides of
the uphill return wind is 17mm: 9mm on the right side,
8mm on the left side; the roof and floor plates move 46mm,
the roof sink moves 12mm, and the floor drum moves
34mm. ,e roof and floor plates move closer than the two
sides, and the floor drum sinks more severely than the roof
plate, which is nearly 2.8 times that of the roof plate sinking
amount and accounts for about 74% of the roof and floor
plate movement. ,is is consistent with the displacement of
the roof and floor of the adjacent roadways monitored in the
simulations, which is greater than the two sides. ,e special
return airway for the floor is within 30–50m head-on from
the uphill return air roadway of the floor. Upon excavation
of the dedicated return air roadway, the two uphill floor
return air roadway sides and the approaching speeds of the
roof and floor all oscillate within a certain range. ,e
movement speed of the two sides and roof sinking are es-
sentially stable within the range of 0–5mm/d, and those of
the roof and floor are stable within the range of 2–4mm/d.
,e heading position of the dedicated return airway differs
and the deformation speed curve of the uphill floor return air
roadway shows no apparent change. ,e blasting of the

Table 2: ,e peak vibration velocity of X direction of each point in roadway.

Monitoring point number 1 2 3 4 5 6 7 8 9 10
Peak vibration speed (10−3m/s) 1.22 0.84 0.81 1.14 1.54 2.26 2.52 2.84 2.46 1.44
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Figure 8: Distribution curve of the biggest vibration velocity of X
direction of each point in roadway.
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dedicated return airway does not affect the uphill floor
return air roadway deformation.

4.2.2. Impact of Blasting in Special Return Air Roadway on
the Uphill Roadway Conveyor Belt. ,e multisection
method was used to analyze the surface convergence data of
the uphill roadway by the conveyor belt and the deformation
curve and deformation speed curve of the two sides and roof
and floor were obtained within 1 month after blasting and
driving of the roadway, as shown in Figure 21. In the initial

observations, the horizontal distance of the special return air
tunnel on the floor that lags behind the uphill conveyor belt
roadway station is 60m; at the end of the observations, the
horizontal distance of the leading uphill conveyor belt
roadway station is 134m.

Figure 21 shows that the displacement of the two sides of
the uphill roadway of the conveyor belt is 68mm. ,e
moving distance of the roof and floor plates is 97mm, which
is larger than that of the two sides. ,e floor drum moves
87mm, and the roof plate sink moves 10mm. Deformation
of the roof plate is not substantial, and the floor drum
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Figure 9: Model principal stress distribution when the roadway moves horizontally for 10m: (a) excavation of the left side roadway, (b)
excavation of the right-side roadway, and (c) load seismic wave.
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Figure 10: Model principal stress distribution when the roadway moves vertically for 10m: (a) excavation of the left side roadway, (b)
excavation of the right-side roadway, and (c) load seismic wave.
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Figure 11: ,e maximum principal stress changes when the roadway moves horizontally for 10m: (a) left side and (b) right side.
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Figure 12: ,e maximum principal stress changes when the roadway moves vertically for 10m: (a) left side and (b) right side.
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Figure 13: ,e vibration speed changes when the roadway moves horizontally for 10m: (a) roof, (b) floor, (c) left side, and (d) right side.
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Figure 14: ,e vibration speed changes when the roadway moves vertically for 10 : (a) roof, (b) floor, (c) left side, and (d) right side.
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Figure 15: Deformation of surrounding rock when first excavated roadway without support: (a) roof, (b) floor, (c) left side, and (d) right
side.
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volume is 8.7 times that of the sinking amount of the roof
plate. Upon excavation of the special return air tunnel, the
deformation speed curves of the two sides of the uphill
tunnel and the roof and floor of the conveyor belt are
roughly the same and show similar laws. When the special
return air roadway lags behind the uphill conveyor belt
roadway station, the fluctuation of the deformation speed of
the two sides, roof, and floor increases and the amplitude
decreases. ,e speed and fluctuations increase when the
head-on position passes the station. ,e deformation speed
reaches a maximum when the special return air tunnel is
30–50m ahead of the uphill conveyor belt roadway station.
With increasing lead distance of the dedicated return air
tunnel, the deformation speed shows an oscillating

downward trend and gradually stabilizes. ,e peak defor-
mation speed of the two sides of the uphill belt trans-
portation roadway is 5.6mm/d. When lagging behind the
special return airway by 120m, the deformation speed can be
stabilized below 2mm/d. ,e deformation speed of the roof
plate is stabilized below 1mm/d and the peak deformation
speed of the roof and floor plates is 6–7mm/d. In addition,
the impact of the head-on excavation slows with increasing
head-on distance of the lagging dedicated return airway. At
the end of the observations, the deformation speed value is
below 2mm/d.

According to the on-site measurements, the deformation
of the roof and floor of the uphill floor return air roadway is
larger than that of the two sides. ,ere is no significant
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Figure 16: Deformation of surrounding rock when first excavated roadway with bolt support: (a) roof, (b) floor, (c) left side, and (d) right
side.

Step × 104

1.40 1.60 1.80 2.00 2.20 2.40 2.60 2.80 3.00

Y-
A

xi
s ×

 1
0–3 1.0

1.2
1.4

0.6
0.8

0.4
0.2

–0.2
0.0

(a)

Step × 104

1.40 1.60 1.80 2.00 2.20 2.40 2.60 2.80 3.00

Y-
A

xi
s ×

 1
0–4

0.6
0.7
0.8

0.4
0.5

0.3
0.2
0.1

–0.1
0.0

(b)

Step × 104

1.40 1.60 1.80 2.00 2.20 2.40 2.60 2.80 3.00

Y-
A

xi
s ×

 1
0–3

1.4
1.6
1.8
2.0
2.2
2.4
2.6
2.8

1.0
1.2

0.6
0.8
0.4
0.2

–0.2
–0.4

0.0

(c)

Figure 17: ,e vibration speed changes when first excavated roadway without support: (a) roof, (b) left side, and (c) right side.
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change in the surrounding rock deformation speed when the
special floor return air roadway heads through the uphill
floor return air roadway station, and the deformation speed
curve of the uphill conveyor belt changes significantly. A
comparison between the two shows that when blasting

excavation of a deep mine roadway group is more than five
times the length of the tunnel spacing, compared with the
vertical distance, the increase of horizontal distance can
effectively reduce the disturbance effects of the adjacent
roadways. ,is verifies the simulation results of section 3.2.
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Figure 18: ,e vibration speed changes when first excavated roadway with bolt support: (a) roof, (b) left side, and (c) right side.
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Figure 20: Deformation and deformation velocity of the floor return air uphill under the influence of special air-return roadway blast
excavating: (a) deformation and (b) deformation velocity.
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5. Conclusions

We established an FLAC3D numerical model to simulate
disturbance effects under comprehensive tunneling and blasting
tunneling.,e results show that compared with comprehensive
excavation, blasting more strongly affects the surrounding rock
stress of the adjacent roadways, increases the vibration of each
particle, and causes each particle to vibrate at different speeds.
,e front blasting side shows the highest vibration speed and
the back blasting side shows the lowest vibration speed. Blasting
is therefore considered to have a greater impact on the entire
adjacent roadway and the factors that influence the blasting
disturbance should be further studied.

,e FLAC3D numerical model was established by
moving the back excavation roadway horizontally and
vertically by 10m. ,e results show that horizontal move-
ment more strongly reduces the stress on the adjacent
roadway compared with vertical movement. When moving
vertically, the peak vibration speeds of the roof, right side,
and floor plate of the first excavated roadway are clearly
stronger than when moving horizontally. Increasing the
horizontal distance can more effectively reduce the distur-
bance effect of blasting and driving between adjacent
roadways compared with increasing the vertical distance.

We simulated two situations with and without bolt
support after the excavation of the first roadway. ,e results
show that the total displacement change is smaller when bolt
support is applied compared with the case without bolt
support. ,e vibration speed of each particle increases in the
bolt support case. ,is shows that bolt support for the first
excavated roadway enhances the roadway integrity, better
stabilizes the rock structure surrounding the roadway, and
effectively reduces surrounding rock deformation. Reason-
able support for the first excavated roadway can therefore
reduce the impact of blasting excavation on the adjacent
roadway disturbance.

We performed industrial tests in which the approach of
the roof and floor of the uphill roadway with floor return air
was larger than that of the two sides. ,is is consistent with

higher displacement of the roof and floor of the adjacent
roadway monitored in the simulations compared with the
two sides. ,ere is no notable change in deformation speed
of the surrounding rock when the special return air roadway
of the floor passes through the uphill floor return air
roadway measurement station, whereas the deformation
speed curve of the uphill conveyor belt roadway changes
significantly. When the blasting excavation of the deep mine
roadway group is more than five times the tunnel spacing,
compared with the vertical distance, the increased horizontal
distance can therefore effectively reduce the disturbance
effects of excavation between adjacent roadways, which
verifies the simulation results of section 3.2.
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