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Blasting vibration generated from blasting excavation of subway tunnel may endanger the adjacent structures buried in strata. To
guarantee their safety and stability, it is crucial to understand the spatial variation law of blasting vibration in strata. In this paper,
the blasting excavation of the large cross-sectional tunnel of Wuhan Metro Line 8 is studied. Tree-dimensional fnite element
simulation is performed using the dynamic fnite element program LS-DYNA, and its validity is verifed by the feld monitoring
data.Te spatial variation law of blasting vibration in layered strata is investigated through analyzed the distribution characteristic
of blasting vibration in three directions, including the direction along the axis of the large cross-sectional tunnel, the direction
perpendicular to the axis of the large cross-sectional tunnel, and the direction along the depth. A prediction model for blasting
vibration velocity, which considers the impact of elevation diferences, is established through dimensional analysis, enabling the
prediction of blasting-induced vibrations at various depths in the layered strata.

1. Introduction

In China, metro lines located in urban areas are basically
arranged in underground tunnels. Due to factors such as
engineering geology and tunnel depth requirements, many
tunnels need to pass through rocky areas. Te drilling and
blasting method, as an economical and efcient excavation
technique, remains the main excavation method for tunnels
in rock formations [1–3]. From the ground surface to the
rock layer, where the tunnel is located, there may be multiple
geological layers, and the geological layers above the tunnel
are typically soil strata when near the ground surface.

During the blasting excavation of urban tunnels, the
surrounding environment is complex, and there are a large
number of pipelines and building structures around the
blasting area. Te load generated by the blasting excavation
of the tunnel is transferred from the rock strata to the soil
strata and fnally reaches the ground surface. When struc-
tures (such as buried pipelines and foundations) are

encountered along the propagation path of the blasting
seismic wave, they will experience induced vibrations [4, 5].
If the blasting vibration intensity is signifcant, it can lead to
structural damage, afecting the safety of the structures.
Terefore, understanding the spatial variation law of blasting
vibration in strata induced by tunnel blasting excavation is
signifcant for the safety control of the structures adjacent to
the blasting source.

In existing research, scholars usually ft the Sadovsky
formula or other empirical vibration propagation formulas
to get the blasting vibration propagation law on the ground
surface based on the feld monitoring data [2, 6–8]. Alter-
natively, researchers utilize numerical simulation methods
to investigate the distribution pattern of blasting vibration
on the ground surface [9–12]. A review of the currently
available literature reveals that there is a lack of research on
the propagation law of blasting vibrations in the geological
layers [13, 14]. However, with an increase in urban blasting
projects, it has become more common to encounter
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structures such as pipelines and foundations near blasting
sites, necessitating a deeper understanding of the spatial
variation law of blasting vibrations in the rock and soil strata.

Te main reason that there is limited research on the
spatial variation law of blasting vibration in rock and soil
layers is due to the difculty in measuring blasting vibration
in rock and soil strata using seismometers [14]. Monitoring
blasting vibrations by burying blast vibration sensors in rock
and soil strata presents a series of challenges, including
difculties in sensor placement, intricate preparation pro-
cedures, uncertainty in capturing vibration signals, and
challenges in retrieving the vibration sensors. Moreover, due
to restrictions in excavation equipment, the burial depth of
vibration sensors is relatively shallow, and in urban areas,
the hardened road surfaces and other issues may further
hinder the burial of vibration sensors.

To investigate the spatial variation law of blasting-induced
vibration in layered strata, a signifcant amount of blasting
vibration data within the rock and soil strata is needed, which
is difcult to obtain through on-site monitoring. In the
present paper, the blasting excavation of the large cross-
sectional tunnel of Wuhan Metro Line 8 is studied. Te
spatial variation law of blasting vibration in layered strata is
investigated by numerical simulation with using ANSYS/LS-
DYNA, and the validity of the numerical simulation is verifed
by using feld monitoring data. In addition, a prediction
model for blasting vibration velocity, which considers the
impact of elevation diferences, is established through di-
mensional analysis, enabling the prediction of blasting-
induced vibrations at various depths in the layered strata.

2. Overviewof the LargeCross-Sectional Tunnel
Blasting Project

Te large cross-sectional tunnel is a part of Wuhan Metro
Line 8. As the tunnel is embedded in slightly weathered
limestone, the drilling and blasting methods are selected
during the construction process. Above the large cross-
sectional tunnel, there is a civil air defense tunnel. Fig-
ure 1 depicts the spatial relation of the tunnel and the civil air
defense tunnel. Te large cross-sectional tunnel is 20.04m in
span and 12.78m in height. Te civil air defense tunnel is
2.3m in span and 3.05m in height. From top to bottom, it is
3.2m thick of plain fll, 16.4m thick of clay, and below
19.6m is slightly weathered limestone.

According to the construction scheme, the working face of
the large cross-sectional tunnel is segmented into three distinct
sections, namely, the left, middle, and right sections, with each
of these sections comprising three benches: the upper bench,
middle bench, and lower bench. Cut blasting methodology is
employed for the upper bench within each of the aforemen-
tioned sections, while a loose blasting technique is utilized for
both themiddle and lower benches.Te upper bench of the left
section of the tunnel is excavated frst and cause larger vibration
because of the clamping efect of the surrounding rock. Te
detailed dimensions of the large cross-sectional tunnel and the
cut boreholes layout are shown in Figure 2. A total of eight cut
boreholes, each measuring 250 centimeters in length, are uti-
lized for the excavation process. A No. 2 emulsion explosive is

selected for blasting, and each individual borehole is loaded
with six rolls of explosives, resulting in a cumulative explosive
charge of 14.4 kg. Te detailed construction conditions can be
found in Zhang et al. [15].

3. Validation of Modelling Techniques against
Field Monitoring Data

Te blasting vibrations in the civil air defense tunnel were
monitored during the construction of the large cross-
sectional tunnel. Te monitoring points were positioned
along the axis of the civil air defense tunnel, with the distance
of 6m between each monitoring point. Te initial moni-
toring point was aligned with the working face of the upper
bench on the left section, while the subsequent monitoring
points were situated ahead of the working face where the
excavation of the upper bench was not carried out. Figure 3
shows the blasting vibration gauges arrangement in the civil
air defense tunnel. Table 1 provides the blasting vibration
data obtained from on-site monitoring.

Based on feld monitoring data, the authors validated the
material models and parameters used in the numerical
simulation [15]. A concise overview of the validation process
is presented within this section. Te authors developed a 3D
fnite element model for the blasting excavation of the large
cross-sectional tunnel. Te blasting vibration velocities in
the civil air defense tunnel obtained from numerical sim-
ulation and feld monitoring were compared. Figure 4(a)
shows the comparison of the blasting vibration along the axis
of the civil air defense tunnel. Figure 4(b) presents the re-
lationships between the blasting vibration velocity and the
scaled distance in the civil air defense tunnel obtained from
feld monitoring and numerical simulation. Te comparison
validated the modelling techniques and the verifed material
models and parameters can be applied to investigate the
spatial variation law of blasting vibration in the layered
strata. A comprehensive exposition of the modelling
methodologies employed and the process of validation can
be located within the work of Zhang et al. [15].

4. SpatialVariationLawofBlastingVibration in
Layered Strata

4.1. Numerical Model. Te blasting excavation model of
large cross-sectional tunnel is established to study the spatial
variation law of blasting vibration in the strata. According to
the survey report, the geological model of the site is gen-
eralized. From top to bottom, it is 3.2m thick of plain fll,
16.4m thick of clay, and below 19.6m is slightly weathered
limestone. Although each layer has slight undulations in
diferent degrees according to the survey data, the degree of
undulation is relatively slow, and the variation of the
thickness of each stratum in the study area is limited. In
order to keep the computational cost of the whole model
within a controllable range, and to more typically represent
the spatial variation law of blasting vibration in layered
strata, the geological layers in the model are approximated as
horizontal [16] and the civil air defense tunnel is not con-
sidered in this study. Figure 5 presents the 3D fnite element
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model. Te size of the model is 70m× 45m× 60m. Point O
in Figure 5 indicates the corresponding position on the
ground surface directly above the blasting source. When the
numerical simulation method is used to study blasting-
related problems, the stress wave will be refected when it
reaches the boundary of the model due to the limited size of
the established model, which will afect the calculation re-
sults. In order to eliminate the efect of stress wave refection,
a nonrefective boundary is applied around and at the
bottom of the model [17, 18].

Te materials used in the calculation model include
explosives, slightly weathered limestone, plain fll, clay, and
concrete.Temodels and parameters of eachmaterial can be
found in Zhang et al. [15], and these models and parameters
have been verifed as described in Section 3.

4.2. Distribution Characteristic of Blasting Vibration in Strata
along the Axis of the Large Cross-Sectional Tunnel. To study
the distribution characteristic of blasting vibration in strata
along the axis of the large cross-sectional tunnel, the vi-
bration velocities at various depths in plain fll and clay
layers are analyzed and compared with the vibration dis-
tribution on the ground surface along the axis of the tunnel.
Figure 5 presents the arrangement direction of the ground
surface vibration measuring points, and the arrangement of
the measuring points in the soil is consistent with that on the
ground surface. Figure 6 shows the depth of measurement
line layout in the plain fll layer and clay layer.

Figure 7 presents the distribution patterns of vibrations
on the ground surface and at diferent depths in the plain fll
layer along the axis of the large cross-sectional tunnel. In
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Figure 7, the negative direction of the abscissa represents the
back of the tunnel working face (excavated area), and the
positive direction of the abscissa represents the front of the
tunnel working face (unexcavated area).

It can be observed from Figure 7 that the vibration
velocities on the ground surface are higher than that at the
corresponding positions of 0.91m, 1.83m, and 2.74m below
the ground surface in the plain fll layer. Te maximum
surface vibration velocity can reach 3.36 cm/s. Te main
reason for the maximum surface vibration velocities is
considered to be the superposition and refection of stress
waves at the free surface, with the strongest superposition
efect occurring at the ground surface. In front of the tunnel
working face, the ground vibration velocity continuously
attenuates with the increasing distance from the tunnel
working face. In the range of 0–10.33m behind the tunnel
working face, the ground vibration velocity decreases as the
distance from the tunnel working face increases. When the

distance between the monitoring point and the blasting
source is greater than 10.33m, the ground vibration velocity
shows a trend of increasing frst and then decreasing. Behind
the tunnel working face is the excavated area. Te upper
surface of the cavity formed by the excavation provides
a good free surface for the refection of stress waves. Te
superposition of incident and refected waves on the ground
causes an increase in ground vibration velocity when the
distance between the monitoring point and the blasting
source is greater than 10.33m. From this point of view, the
excavated area exhibits an amplifcation efect (cavity efect)
on ground vibrations.

Te distribution patterns of vibrations at diferent depths
in the plain fll layer along the axis of the large cross-sectional
tunnel are similar with the vibration distribution pattern on
the ground surface. Te excavated area has an amplifcation
efect on vibration at diferent depths in the plain fll layer.
Notably, at a depth of 2.74m from the ground surface, when

Table 1: Blasting vibration of the civil air defense tunnel.

Excavation progress
of upper
bench of
the left
section (m)

Horizontal distance
(m)

Blasting center
distance (m)

Scaled distance
(m·kg−1/3)

Vertical vibration
velocity (cm/s)

Resultant velocity
(cm/s)

92
6.15 14.91 6.13 4.03 4.67
12.12 18.20 7.48 2.07 2.54
18.11 22.64 9.30 1.35 1.82

98 6.32 14.98 6.16 4.85 4.94
18.2 22.71 9.33 1.68 1.93

102
1.87 13.71 5.63 6.5 6.55
6.45 15.03 6.18 5.28 5.33
12.32 18.34 7.54 2.46 2.47

103.5
2.02 13.73 5.64 6.24 6.27
6.51 15.06 6.19 5.7 5.84
12.36 18.36 7.55 3.17 3.21

105.5 6.57 15.09 6.20 5.76 5.79
18.34 22.82 9.38 1.56 1.68

Vibration recorder

Vibration sensor

Figure 3: Blasting vibration monitoring.
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the distance behind the working face is greater than 21m and
the distance in front of the working face is greater than
17.36m, there is a minor increment in vibration velocity at

monitoring points. At this depth, the blasting vibration
measurement line is closer to the interface between the plain
fll and clay layer, and the refection and superposition of
stress waves have a greater impact on the vibration velocity
at positions farther from the tunnel working face. In the
plain fll layer, stress waves continuously refect and su-
perimpose at the upper and lower interfaces, leading to the
complexity of vibration propagation law within the plain fll
layer. Along the axis of tunnel, there is no explicit magnitude
relationship for the vibration velocity at the corresponding
monitoring points at diferent depths.

Figure 8 provides the distribution patterns of blasting
vibrations at the depths of 3.95m, 9.16m, and 14.38m in the
clay layer along the axis of the large cross-sectional tunnel.
With the increase of distance from the ground surface (closer
distance to the blasting source), the vibration velocity at
corresponding monitoring points along the axis of the tunnel
in the clay layer increases. At 1.6m in front of the tunnel
working face, the three curves all reached the peak value, and
then the vibration velocity of the monitoring point decreased
continuously with the increase of the distance from the tunnel
working face. At a certain distance behind the tunnel working
face, the vibration velocity of the corresponding monitoring
points at diferent depths in the clay layer decreases with the
increase of the distance from the working face. Beyond
a certain distance, the vibration velocity of the monitoring
point exhibits an initial increase followed by a decrease as the
distance from the working face increases. Tis indicates that
the cavity amplifcation efect of the excavated area has the
same impact on the blasting vibration in the clay layer.

As the depth of the monitoring point in the clay layer
increases, behind the working face, the initial distances at
which the vibration velocity of the monitoring point increases
are −10.33m, −9m, and −7.5m, respectively. It can be seen
that there is a monotonically decreasing relationship between
the initial position, where the vibration velocity of the
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Figure 6: Layout of blasting vibration measurement lines.
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monitoring point increases, and the depth of the measure-
ment line in clay layer. Behind the working face, when the
distance between the monitoring point and the face is large
enough, the vibration velocities variation curves in the clay
layer at diferent depths from the surface tend to converge.

4.3. Distribution Characteristic of Blasting Vibration in Strata
Perpendicular to the Axis of the Large Cross-Sectional Tunnel.
Figure 9 presents the distribution patterns of vibrations in
the plain fll layer perpendicular to the axis of the large cross-
sectional tunnel. In Figure 9, the negative direction of the
abscissa indicates the left side of the blasting source, and the

positive direction of the abscissa indicates the right side of
the blasting source.

It can be seen that perpendicular to the axis of the large
cross-sectional tunnel, the velocity at the position directly
above the blasting source center is the largest on the
measurement lines at diferent depths. In the direction
perpendicular to the axis of the large cross-sectional tunnel,
the vibration velocity of the monitoring point on the ground
surface is greater than that of the corresponding position in
the plain fll layer at diferent depths.Te vibration velocities
at corresponding positions on the left and right sides of
measuring lines at diferent depths do not difer signifcantly,
exhibiting a predominantly symmetrical distribution. With
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an increasing distance from the origin, vibration velocities at
monitoring points on both sides demonstrate a trend of
attenuation. In the plain fll layer, due to the refection and
superposition of the stress wave on the free surface and the
plain fll-clay interface, the vibration velocity of the corre-
sponding monitoring point at diferent measurement lines
does not exhibit a monotonic relationship with increasing
depth from the ground surface.

Figure 10 shows the vibration distribution in the di-
rection perpendicular to the axis of the large cross-sectional
tunnel in the clay layer at depths of 3.95m, 9.16m, and
14.38m from the ground surface, respectively. Te vibration
velocity distribution pattern of diferent measurement lines
in the clay layer is similar to that in the plain fll layer.
However, the diference lies in the fact that, with an increase
in distance from the ground surface, the particle vibration
velocities at the corresponding positions at diferent depths
exhibit a distinct increasing trend. At diferent depths, on
both sides of the blasting source center, the amplitude of
velocity increasement gradually decreases with the increase
of the distance from the blasting source center.

4.4. Distribution Characteristic of Blasting Vibration in Strata
along theDepthDirection. From Section 4.3, we know that the
distribution characteristic of blasting vibration in the direction
perpendicular to the axis of the tunnel shows a symmetrical
pattern. Terefore, when studying the variation law of blasting
vibration in the strata along the depth direction, only the
measurement lines at the left side of the working face are
investigated. Te measurement lines are in the cross-section
containing the working face, and their horizontal distances to
the blasting source are 0 m, 4.47 m, 8.93 m, 13.41 m, and 17.88
m, respectively. Figure 11 shows the distribution of vibration
velocity along the depth direction at diferent positions, with
the dashed line indicating the interface between the plain fll
layer and the clay layer.

It can be seen from Figure 11 that the vibration dis-
tribution along the depth direction presents a similar pattern
at diferent horizontal distances from the blasting source.
Herein, the vibration distribution law along the depth di-
rection right above the blasting source is taken as an example
for analysis. From the plain fll layer-clay layer interface to
the ground surface, the distance between the monitoring
points and the blasting source steadily increases. According
to the conventional law, with the increase of the distance
from the blasting source, the blasting vibration velocity
should gradually decrease. However, in the plain fll layer, as
the distance from the blasting source increases, the particle
vibration velocity fuctuates in an oscillating manner. When
reaching the ground surface, the particle vibration velocity
reaches its peak. Te refection of the stress wave on the
ground surface and the transmission and refection at the
interface between the plain fll layer and the clay layer induce
a fuctuating pattern of velocity distribution in the plain
fll layer.

Within the range of 4.69m–3.20m from the ground
surface in the clay layer, the particle vibration velocity still
shows an increasing trend with the increase of the distance
from the blasting source. When the distance from the
ground surface is greater than 4.69m, the vibration velocity
attenuation law is consistent with the conventional atten-
uation law. With the increase of the distance from the
blasting source, the particle vibration velocity continuously
decreases. Te vibration velocity is at its minimum at 4.69m
from the ground surface. Hence, it is evident that the var-
iation law of the particle vibration velocity is afected by the
ground surface and the plain fll layer-clay layer interface,
and the infuence depth is about 4.69m.

By comparing the vibration distribution along the depth
direction at diferent horizontal distances from the blasting
source, it can be found that as the horizontal distances from
the blasting source increases, the vibration velocity of the
corresponding point presents a decreasing trend. In the plain
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fll layer, with the increase of the horizontal distances from
the blasting source, the fuctuation of particle vibration
velocity decreases continuously. Analyzing the infuence
depth of the ground surface and plain fll layer-clay layer
interface on the variation of particle vibration velocity, it can
be found that the infuence depth is basically consistent at
various distances from the blasting source, with an ap-
proximate value of 4.69m. Table 2 provides the vibration
velocity on ground surface and the vibration velocity at

a distance of 4.69m below the ground surface (minimum
velocity) at various measurement lines. At diferent hori-
zontal distances from the blasting source, the ratio of the
vibration velocity at the ground surface to the vibration
velocity at 4.69m from the ground surface is in the range of
2.18 to 2.24. It can be seen that within the infuence depth of
the ground surface and the plain fll layer-clay layer in-
terface, the ratio between maximum and minimum vibra-
tion velocities remains relatively stable.
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5. Prediction Model of Blasting Vibration
Velocity in Layered Strata

Te peak particle vibration velocity is a main parameter to
characterize the blasting vibration efect both domestically
and internationally [19, 20], and it is afected by factors such
as the blasting source and the transmission medium during
the propagation process of blasting vibration. When
studying the variation law of blasting vibration velocity, it is
necessary to comprehensively consider the infuence of these
factors, but it is difcult to realize in practical engineering.
Trough a large number of experiments, the former Soviet
scientist Sadovsky obtained an empirical formula that
characterizes the propagation law of blasting vibration ve-
locity, which has been widely used in engineering practice
[21, 22]. However, the Sadovsky formula does not account
for the infuence of the elevation diference between the
monitoring point and the blasting source, so there are
limitations in predicting the blasting vibration at diferent
depths in the strata. In this section, a blasting vibration
velocity prediction model considering the infuence of ele-
vation diference is derived through dimensional analysis,
which can be used as a reference for predicting the vibration
velocity in strata during the blasting excavations of urban
subway tunnels.

According to the existing research results concerning the
attenuation law of blasting vibration, it can be known that
the propagation and attenuation of blasting seismic waves in
the stratum are afected by factors such as the blasting
source, the characteristics of the stratum, and the distance
from the blasting source [23–25]. Te key variables afecting
the propagation of blasting seismic waves are presented in
Table 3.

Taking the peak particle vibration velocity (v) resulting
from tunnel blasting as dependent variable, its function
expression can be expresses as following according to
Buckingham’s Pi theorem of dimensional analysis [26]:

v � f(Q, c, ρ, r, H, t). (1)

Taking Q, c, and r as independent dimensional quan-
tities, and using π to represent dimensionless variables, we
have

π �
v

Q
α
r
β
c

c
,

π1 �
ρ

Q
α
r
β
c

c
,

π2 �
H

Q
α
r
β
c

c
,

π3 �
t

Q
α
r
β
c

c
,

⎧⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎨

⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎩

(2)

where α, β, and c are undetermined coefcients. According
to the principle of dimensional homogeneity:

π �
v

c
, π1 �

ρ
Qr− 3, π2 �

H

r
, π3 �

t

rc− 1, (3)

Substituting equation (3) into equation (1) yields:

v

c
� f

ρ
Qr− 3,

H

r
,

t

rc− 1􏼠 􏼡. (4)

Because the product and exponentiation of diferent
dimensionless variables remain dimensionless, combining
π1 and π2 results in the following new dimensionless
variable:

π7 � π2
1/3

􏼐 􏼑
β1π3

β2 �

�ρ3
√

r
��
Q3

√􏼠 􏼡

β1 H

r
􏼒 􏼓

β2
. (5)

When blasting seismic waves propagate in the same
geological layer, ρ and c can be approximated as constants.
Tus, from the above equation, it can be deduced that v has
the following relationship with Q, r, and H:

v ∼
r
��
Q3

√􏼠 􏼡

β1 H

r
􏼒 􏼓

β2
. (6)

Te relationship can be written in the following form:

ln v � α1 + β1 ln
��
Q3

√

r
􏼠 􏼡 + α2 + β2 ln

H

r
􏼒 􏼓􏼔 􏼕. (7)

Table 2: Vibration velocity at ground surface and 4.69m away from ground surface.

Horizontal distance to the
blasting source (m)

Vibration velocity at
ground surface (cm/s)

Vibration velocity at
4.69m away from

ground surface (cm/s)
Vibration velocity ratio

0 3.35 1.54 2.18
4.47 2.92 1.31 2.23
8.93 2.11 0.95 2.22
13.41 1.48 0.68 2.18
17.88 1.1 0.49 2.24
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Let ln v0 � α1 + β1 ln(
��
Q3

√
/r), then

ln v0 � α1 +
β1 lnQ

3
− β1 ln r. (8)

In the above equation, −β1 ln r represents the attenuation
of blasting vibration velocity with respect to r, where β1
refects the attenuation index associated with site medium
condition, and α1 + (β1 lnQ)/3 accounts for the combined
impact of medium condition and explosive charge on the
blasting vibration velocity.

Let ln k1 � α1, then

v0 � k1

��
Q3

√

r
􏼠 􏼡

β1
. (9)

Equation (9) is the classical Sadovsky formula that does
not account for the elevation diference efect. Further
transformation of equation (7) yields

ln v � ln v0 + α2 + β2ln
H

r
􏼒 􏼓􏼔 􏼕. (10)

Let ln k2 � α2, then equation (10) can be transformed
into

v � k1k2

��
Q3

√

r
􏼠 􏼡

β1 H

r
􏼒 􏼓

β2
. (11)

Let k � k1k2, then equation (11) can become

v � k

��
Q3

√

r
􏼠 􏼡

β1 H

r
􏼒 􏼓

β2
, (12)

where k denotes the site infuence coefcient, β1 represents
the attenuation coefcient, and β2 refects the impact co-
efcient associated with the elevation diference between the
monitoring point and the blasting source.

When blasting seismic waves propagate outward from
the blasting source, they pass through multiple geological
layers. Te attenuation of seismic waves varies in diferent
strata. In the strata near the ground surface, the attenuation
of blasting vibrations does not follow conventional law due
to the refection and superposition of stress waves. Tere-
fore, it is necessary to predict blasting vibration velocities
separately for diferent strata. Te numerical simulation

results are used here to ft the blasting vibration prediction
model to predict the blasting vibration velocity in the strata.

According to the numerical simulation results, the blasting
vibration velocity in the clay layer decreases continuously with
the increase of the distance between the monitoring point and
the blasting source, but in the plain fll layer, due to the re-
fection and superposition of the stress wave between the
ground surface and the plain fll-clay interface, the blasting
vibration velocity exhibits a fuctuating pattern. When ftting
the blasting vibration attenuation model in plain fll layer,
equation (12) cannot refect the velocity fuctuation well, so
only the vibration velocity at the peak of the fuctuation is
considered for ftting, and the prediction model obtained is
relatively safer. Table 4 presents the blasting vibration atten-
uation models in the plain fll layer and clay layer.

According to the obtained predictive model, when using
the controlled variable method for analysis, it can be observed
that in the clay layer, as the horizontal distance increases, the
peak particle velocity decreases; with an increase in explosive
charge, the peak particle velocity increases; and with an in-
crease in elevation diference, the peak particle velocity de-
creases. Tese fndings are consistent with the results of the
earlier numerical analysis. In the plain fll layer, as the hor-
izontal distance increases, the peak particle velocity decreases;
with an increase in explosive charge, the peak particle velocity
increases; and with an increase in elevation diference, the
peak particle velocity actually increases. Tese observations
align with the overall trend observed in the numerical sim-
ulation results. Te correlation coefcients in plain fll and
clay layers are 0.9724 and 0.9435, respectively, indicating that
equation (12) fts the blasting vibration velocity well with
a good level of correlation.

It is worth noting that in this project, the thickness of
plain fll layer is only 3.2m. Tere is an overall trend of
increasing blasting vibration velocity with an increase in
distance from the blasting source in the depth direction.
However, as the thickness of the top soil layer increases, the
infuence depth of the stress wave refection and superposi-
tion is limited. In these cases, the overall range of increase in
blasting vibration velocity will be smaller than the thickness of
the top soil layer as the distance from the blast source in-
creases and the prediction of vibration velocity for the top soil
layer should be carried out based on the actual circumstances.

Table 3: Key independent variables associated with blasting vibration velocity.

Category Independent variable Dimension

Explosive parameters Explosive mass Q M

Detonation time t T

Location parameters Horizontal distance between measuring point and blasting source r L

Elevation diference between measuring point and blasting source H L

Medium parameters Density of rock and soil ρ ML− 3

Velocity of blasting seismic wave c LT− 1
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6. Conclusions

Based on the blasting excavation of the large cross-sectional
tunnel, the spatial variation law of blasting-induced vibra-
tion in layered strata is investigated. Blasting vibration
prediction model consider the impact of elevation difer-
ences is established through dimensional analysis. Te main
conclusions of this paper are as follows:

(1) Along the axis of the large cross-sectional tunnel, the
vibration velocities on the ground surface are higher
than that at corresponding positions in plain fll
layer. Te excavated area exhibits an amplifcation
efect on vibration at diferent depths both in plain
fll and clay layer.

(2) Along the direction perpendicular to the axis of the
large cross-sectional tunnel, the velocity at the position
directly above the blasting source center is the largest
on the measurement lines at diferent depths. Te
vibration velocities exhibit a predominantly symmet-
rical distribution in plain fll layer and clay layer.

(3) Along the depth direction, the ground surface and
the plain fll layer-clay layer interface induce a fuc-
tuating pattern of velocity distribution in the plain
fll layer and their infuence depth is about 4.69m.

(4) By theoretical analysis, with elevation diference
taken into account, a blasting vibration velocity
prediction model is established. Te blasting vibra-
tion attenuationmodels in the plain fll layer and clay
layer are proposed and can be used to conveniently
assess and control the potential risk of blasting
seismic efect.
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