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To study the impact of cutting blasting on the surface, a vibration waveform prediction function was constructed, and a method of
dividing the afected area was proposed. Based on the equivalent spherical charge theory, it is possible to establish a connection
between the ftting coefcient and the engineering parameters in the equivalent source intensity function. Furthermore, a blasting
vibration waveform function suitable for engineering can be constructed. Secondly, the reliability of the method introduced is
verifed through the data monitored on-site. Finally, the afected partitions of blasting vibration are divided based on the peak
particle velocity and vibration displacement as standards. Te results show that the vibration waveform prediction system
introduced can restore the vibration waveform corresponding to cutting blasting. In addition, the zoning method can reasonably
divide the scope of the afected area.

1. Introduction

With the rapid development of highway and railway
transportation network, mountain tunnel adjacent to
existing structures is becoming more and more common.
Due to the advantages of strong operability and good
economic benefts, blasting is often used in the excavation of
mountain tunnel. However, the environmental problems
caused by blasting cannot be ignored, such as structural
vibration, fying rocks, and harmful gases caused by blasting
construction. Among them, the blasting vibration will ad-
versely afect the stability and structural safety of the sur-
rounding existing buildings and even endanger the safety of
the existing buildings in severe cases [1–4].

Te efect of blasting vibration is afected by many
complicated factors such as topography and geological

conditions [5, 6] and blasting parameters [7–9]. It is difcult
to accurately predict the intensity of blasting vibration, and
there is a certain degree of one-sidedness in evaluating the
intensity of blasting vibration using single or combined
indicators such as particle peak vibration, frequency, ac-
celeration, and displacement [10–13].Te blasting waveform
curve contains rich blasting vibration signal characteristics,
which can completely present the vibration history of the
vibration signal during the period [14]. Combined with
mathematical methods and computer analysis methods,
characteristic information such as the vibration velocity,
frequency, and acceleration of the particle at any time in the
blasting process can be obtained, and the waveform can be
changed by technical means. Te prediction results based on
the waveform can provide a certain scientifc basis for the
controlled blasting construction of tunnel.
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Under the premise of blasting vibration response, the
construction site is reasonably divided and corresponds to
the risk level in the specifcation, and diferent control
measures are taken for diferent risk levels [5, 15]. At present,
the research of the proximity infuence zoning mainly in-
cludes infuencing factors, zoning guidelines, and engi-
neering countermeasures. Zhang et al. [16] applied the
concept of proportional distance to the partition of tunnel
blasting vibration, taking the slope of the velocity attenu-
ation curve as the basis for partition calculation. Park et al.
[17] established the relationship between the size of the
excavation failure zone and the tensile strength of the rock
mass and deduced the distance of the excavation afected
area through the induced dynamic strain and the critical
tensile strain. Based on the Hoek–Brown nonlinear failure
criterion of rock mass, Zhou et al. [18] proposed a method
for dividing the infuence zone of underwater tunnel. Li et al.
[19] obtained the predicted waveform of blasting vibration
waveform based on theoretical derivation. Moreover, the
application results verify the applicability of this method.

At present, artifcial intelligence algorithms [20, 21] and
numerical simulation have provided powerful technical
means for the prediction of blasting vibration waveforms
and the precise study of impact zone. Te blasting vibration
waveform prediction systems based on fuzzy modeling
method [22], neural network algorithm [23], support vector
machine algorithm, classifcation regression tree algorithm
[24], and other industrial intelligence algorithms have high
prediction accuracy. Te Intelligent algorithm has the ad-
vantages of strong theory and good prediction efect, but it
still has certain limitations in application. A large number of
parameters and sample data are required to reconstruct and
train the model. Compared with artifcial intelligence al-
gorithms, numerical simulation technology [25, 26] can
restore the construction site. However, numerical simulation
methods are limited by the specifc assumptions of nu-
merical calculations and often cannot perfectly refect the
characteristics of actual engineering.

Tis article mainly relies on the Chong-Li Tunnel
blasting project to conduct research. Chong-Li Tunnel is an
underpass tunnel. Tunnel blasting will have adverse efects
on surrounding buildings. Terefore, it is very important to
study the prediction of blasting vibration waveforms and the
impact zoning of blasting vibrations. Although many
achievements [27–30] have been made in the prediction of
tunnel blasting vibration efect and impact partitioning,
which have certain guiding signifcance for practical engi-
neering, there are still some defciencies. For example, the
theoretical results obtained based on the assumption of
a uniform and isotropic medium as a research premise are
not universal. Artifcial intelligence algorithms such as
neural network algorithms require large amounts of real-
world data as training samples. Te complex and time-
consuming numerical simulations are not easily mastered
by technicians. Terefore, the prediction of blasting vibra-
tion waveforms and the division of blasting vibration af-
fected areas in specifc projects are still considered
a relatively new systematic research method.

To solve the above problems, relying on the Chong-Li
Tunnel underpassing project, a blasting vibration waveform
function that is simple in form and suitable for actual en-
gineering is frst constructed. Ten, the PPV and displace-
ment are used as judgment criteria to divide the infuence
area, respectively. Te reliability of the waveform function
and the applicability of the infuence partitioning criterion
based on the waveform theory are verifed by the measured
data in the feld. Finally, the afected areas of Chong-Li
Tunnel blasting vibration are divided in detail based on the
vibration waveform function.

2. Vibration Waveform Function under the
Action of Equivalent Spherical Charge

Te propagation of blast vibration waves is afected by many
factors such as geological structure, blasting parameters, and
propagation distance. Terefore, it is often convenient to
model the problem in a simplifed form. Tunnel blasting
construction generally adopts a multihole multistage
blasting scheme, in which the surface vibration efect caused
by cutting blasting is the largest [31, 32], so the surface
vibration efect generated by cutting blasting is studied. Te
excavation cycle and tunnel section are both small compared
to the blasting vibration wave propagation distance [33, 34].
Without considering the section size factor, the tunnel
blasting can be approximated as a dynamic response
problem of a semi-infnite rock mass under a spherical
transient excitation load.

As shown in Figure 1, a spherical packet can be assumed
to exist at a depth (h) below the surface. Te spherical
package is on the z-axis and the surface is on the z� 0 plane.
Combined with the theory of equivalent pore model in
uniform elastic media proposed by Sharpe [35], this paper
equates the porous multistage blasting problem to the action
of a spherical cavity pressure source with radius re and
pressure p(t)� p0e−a0t. As shown in Figure 1, the distance
from the surface mass point A to the origin is D and the
distance to the source of the blast area is R.

A large number of studies [5, 33, 36] have been carried
out on the vibration waveform functions of spherical packet
blasting ground in elastic media. Sharpe [35] idealized the
problem of elastic waves generated by blast pressure and
simplifed it to a perturbation problem in an elastic medium
and developed an equivalent pore model for blast tremor
sources in elastic media. De Hoop [37] delved into the point
source model in elastic half-space to obtain the vibration
waveform function of a mass on a free surface under the
action of a point source. Achenbach andTau [38] modifed
the theory to derive a spherical charge package burst source
intensity function. Due to the great diference between the
rock properties of the elastic medium and the actual medium
and the complex form of the derived vibration velocity
function, it is not suitable to be extended to practical en-
gineering applications. Terefore, based on the analytical
solution derived from the theory of elastic media, this paper
constructs a more concise form that can be applied to
practical engineering vibration waveform function.
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Te application of the study to blast vibrations stems
from the understanding of the homogeneity of all vibrating
matter through the concept of structural dynamics. Te
forced vibration equation for seismic wave generation from
a spherical cavity pressure source with pressure p(t) is given
by Lin and Bai [39] through theoretical derivation as follows:

y″(t) + 2ξω0y′(t) + ω2
0y(t) � ζp(t), (1)

where ω0 � 2Cs/r, ξ � Cs/Cp, and ζ � −r/ρ.
Te analytical solution of equation (1) is

y(t) � exp −ξω0t(  A cos ωDt(  + B sin ωDt(  

−
rp0 exp −α0t( 

ω2
0 − 2ξω0a0 + a

2
0 ρ

,
(2)

where ωD � ω0

�����

1 − ξ2


. A and B are the parameters to be
determined concerning the boundary conditions.

Referring to the form of the analytical solution of the
forced vibration equation in structural dynamics, the general
ftting expression for the surface vibration velocity waveform
function under the action of the equivalent spherical drug
package in the actual medium is determined as follows:

V(t) � a1e
−b1t cos c1t(  + d1 sin c1t(  . (3)

Tat is,

V(t) � a1

�����

d
2
1 + 1



e−b1t sin c1t + φ( , (4)

where a1 is the coefcient related to the PPV. b1 is the decay
parameter of the mass vibration velocity. c1 is the coefcient
related to the frequency of vibration of the mass. d1 is
a constant with no practical meaning, and tanφ� 1/d1 [40].

Equation (4) is shifted forward by φ units, and the form
of the constructed oscillation velocity waveform function is
obtained as

V(t) � a1

�����

d
2
1 + 1



e−b1t sin c1t( . (5)

Te Sadovsky formula is now commonly used to predict
the peak particle velocity of surface mass. b1 is related to the
decay rate of the vibration velocity, which depends on the
characteristics of the surrounding rock. Liu and Chen [40]

obtained the approximate range of values for the decay index
of the vibration velocity waveform and established a re-
lationship with the RMR grading score of the surrounding
rock quality.

Based on the derivation of the PPV under the action of
an equivalent spherical explosion source, we can get

a1

�����

d
2
1 + 1



� K1
re

R
 

α1
. (6)

According to structural dynamics, c1 is related to the
main vibration frequency fm, that is, c1 � 2πfm. Trough
the derivation of dimensional analysis method, the at-
tenuation formula of the main frequency of blasting vi-
bration under the action of equivalent spherical explosion
source can be obtained. Factors afecting blasting vibration
frequency mainly include load characteristics and sur-
rounding rock characteristics. Among the many infu-
encing factors, we selected the rock mass elastic modulus E,
rock mass density ρ, rock mass longitudinal wave speed CP,
distance from the blast area R, and equivalent elastic radius
re for research.

E, CP, and re are selected as basic physical quantities, and
there are

fm � φ E, CP, re, ρ, R( . (7)

According to the π theorem, three dimensionless
numbers can be obtained:

π1 �
fm

CP

re,

π2 �
E

C
2
Pρ

,

π3 �
re

R
.
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(8)

According to the principle of dimensional harmony,
equation (7) can be converted into

fm

CP

re � λ
E

C2
Pρ

 

z
re

R
 

ι
. (9)

For specifc tunnel projects, E, CP, and ρ can be ap-
proximately regarded as fxed values.Terefore, equation (9)
can be converted into

fm � ζ
Cp

re

re

R
 

φ
. (10)

Based on the above analysis, it can be obtained that

V(t) � K1
re

R
 

α1
e

−2βt sin 2πζ
Cp

re

re

R
 

φ
t , (11)

where K1 and α1, respectively, represent the site coefcient
and attenuation coefcient of the particle peak velocity and ζ
and φ, respectively, represent the site coefcient and at-
tenuation coefcient corresponding to themain frequency of
vibration.

Figure 1: Explosion of equivalent spherical charge in elastic half-
space.
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Compared with the traditional blasting vibration
waveform prediction method, this paper proposes a wave-
form prediction method that quantitatively refects the in-
fuence of frequency in symbolic expressions for the frst
time. Te constructed waveform prediction model equation
has a simple form and is more convenient for use in pre-
diction research.

Te relationship between the value of β and rock clas-
sifcation categories is shown in Table 1 [41].

3. Application of Engineering Case

3.1. Project Background and Monitoring Program. Tai-xi
Railway is an important trafc artery connecting Zhang-
jiakou City, Hebei Province, and Xilingol, Inner Mongolia
Autonomous Region. Taking the Chong-Li Tunnel in the
railway project as the engineering background, the research
on the blasting vibration efect is carried out.Te total length
of the tunnel is 5490m.

Te specifc blasthole layout is shown in Figure 2. Te
full-section method was used for this construction process.
During the construction process, rock emulsion explosive
was used during construction. Te cut blasting mainly
adopts the three-stage wedge cut method, and the charging
method mainly adopts the air column interval uncoupled
charging method. Te charge amount of the cut section is
43.2 kg. In addition, the horizontal angle of the wedge-
shaped cutout hole is 60°, and the hole length is 4.2m.
Based on actual engineering conditions, the paper only
conducts verifcation research on the case of tunnel wedge
blasting.

Te blasting vibration monitoring mainly uses the TC-
4850N blasting vibration measurement system developed by
Zhong-Ke Speed Control Company. During the on-site
installation, the sundries near the monitoring point are
removed. Te speed sensor can then be rigidly connected to
the ground with plaster. Te location and layout of the
specifc measuring points are shown in Figure 3.

Based on preliminary geological survey results, the
distance between measurement point #5 and the explosion is
66m. Te distance between measurement point #2 and the
explosion is 81m. Te location of the monitoring points is
detailed in Figure 3. Based on the seismic wave refection
method [19], we obtained the report of rock overtopping
geological prediction of the two measurement points. Te
specifc geological parameters corresponding to the mea-
surement points are shown in Table 2.

Te geological parameters and attenuation indices in the
prediction equations for PPV and fwere initially determined
by combining the over-range geological forecast report and
blasting tests, and the prediction equations for vibration
velocity waveforms were calculated based on the results of
the above study. First, the corresponding RMR and β can be
obtained based on the results obtained from the feld test.
Ten, based on the on-site monitoring results, the ftting
equations about the peak velocity and main frequency of the
particle can be obtained through data ftting. In this way, the
undetermined parameters in equation (11) can obtain
corresponding values based on the ftting results of feld

data. To sum up, each undetermined parameter in the
prediction equation (11) can be obtained through on-site
monitoring or the ftting results of on-site monitoring data.
Terefore, the prediction model is highly consistent with
actual engineering conditions and canmeet the prediction of
vibration waveforms corresponding to cutting blasting.

According to the above calculation process, the specifc
calculation results are shown in Table 3.

3.2. Example Calculation of Vibration Waveform Function.
First, measurement point #5 was taken as an example to
conduct verifcation research. Firstly, the monitoring data
were imported into software to draw the measured vibration
velocity waveform.Ten, the blast vibration waveform of the
cutting hole is extracted by using detonator identifcation
technology [5]. Te theoretical predicted waveform of
surface mass vibration velocity due to cutting hole blasting is
plotted according to the calculation results in Table 3. As
shown in Figure 4, the waveform obtained from theoretical
prediction of cutting blasting and those from monitoring
show good agreement. Te predicted waveform matches the
measured waveform in general, and the peaks and fre-
quencies of both waveforms are approximately the same.

Similarly, the measured vibration velocity waveform at
the measurement point #2 and its comparison with the
theoretical waveform are plotted in Figure 5. Similar to
measuring point #5, the prediction corresponding to mea-
suring point #2 also shows good results.

Teoretical calculation comparison results show that the
theoretically predicted waveforms corresponding to the
other three measuring points and the actual monitored
waveforms also show good consistency. Due to the space
limit of the article, the article will not go into details. Te
above comparison results verify the reliability of the in-
troduced blasting vibration waveform prediction method.

4. Study of Impact Zoning

Te blast vibration velocity waveform function contains
a wealth of information that enables construction designers
to accurately understand in advance the amplitude, domi-
nant frequency, and energy magnitude of each frequency
component of the vibration signal generated during the
blast. To further guide disaster prevention and mitigation,
the above blast vibration waveform theory combined with
the corresponding zoning guidelines was used to zone the
tunnel proximity construction site. Areas of strong impact
generally require adjustments to the blasting program or
auxiliary engineering measures for construction. Areas of
medium impact require construction personnel to pay at-
tention to the construction site and require vibration
damping measures if necessary. Weakly afected areas

Table 1: β of surrounding rock at all levels.

Classifcation of
surrounding rock I II III IV V

RMR 81∼100 61∼80 41∼60 21∼40 0∼20
β 0∼20 21∼40 41∼60 61∼80 81∼100
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Figure 3: Layout of the vibration monitoring points [1].

Table 2: Geological parameters of surrounding rock of the measuring points.

Measurement point RMR β E (GPa) μ CP (m/s) ρ (kg/m3)
#5 65 35 30 0.25 3800 2500
#2 60 40 20 0.30 2900 2300
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generally do not require auxiliary engineering measures and
can be controlled by strengthening the construction process.

A tunnel blasting project through an existing village is
used as an example to study the impact zoning theory. First,
the surface mass vibration velocity waveform function is
determined according to the above waveform prediction
theory. Te site factor K and the attenuation index α are

obtained by ftting the vibration monitoring data. Te
monitoring data are shown in Table 4.

Te data in Table 4 were ftted with the least-squares
method to obtain the site coefcient K= 87 and the atten-
uation index α= 1.2. β= 35. Te results of calculating the
predicted waveform function are shown in the following
equation:

V(t) � 87 ×

����
43.23

√

R
 

1.20

× e
−70t

× sin π × 87 ×

����
43.23

√

lgR
 

0.5

× t⎡⎣ ⎤⎦. (12)

Table 3: Engineering parameters and attenuation coefcients at 5# and 2#.

Measurement point K α Prediction formula for
vibration speed waveform

#5 88 1.13 V(t)� 3.19× e−70t × sin(383t)
#2 116 1.47 V(t)� 1.15× e−80t × sin(494t)
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4.1. Infuence Partitioning with Peak Mass Vibration Velocity
as the Discriminating Criterion. Based on on-site results,
most of the houses in the village have not beenmaintained or
repaired for years, resulting in more or less damage to the
building structure. Especially, some houses have visible
cracks on the surface. According to the “Safety Regulations
for Blasting” (GB6722-2014) and relevant engineering ex-
perience, the severe alarm threshold for blasting vibration in
the lower section is determined to be 2.0 cm/s, the alarm
threshold is 1.5 cm/s, and the warning threshold is 1.0 cm/s.
Te engineering monitoring research results [1, 5, 19] in-
dicate that the threshold division range has been efectively
applied in the tunnel blasting engineering.

It can be observed that equation (12) is a function of the
distance R from the explosion region and the time t. Terefore,
a binary function can be used to determine the extreme value of
the peak particle velocity theory. When PPV1=1.0 cm/s;
PPV2=1.5 cm/. When PPV3=2.0 cm/s, the corresponding
blasting distance R1 = 110m, R2 = 82m, R3 = 65m.

As shown in Figure 6, for the underground tunnel blasting
project, the spatial position relationship between the explo-
sion source and the measurement point can be characterized
by three distance variables, namely, D,H, and R. D represents
the distance between the excavation section and the mea-
suring point, which is the absolute value of the diference
between the mileage pile numbers corresponding to the ex-
cavation section and the measuring point. For example, if the
mileage stake corresponding to the excavation section is
DK65+ 650 and the mileage stake corresponding to the
measurement point is DK65+ 680, then D� 30m. In sum-
mary, it can be found that D is the easiest to calculate and can
be used as a reference variable for controlling the blasting
distance. Te explosive center distance R can be converted
into horizontal distance D, and the corresponding horizontal
distances D1 � 105m, D2� 76m, and D3 � 57m.

4.2. Infuence Partitioning with Mass Displacement as the
Discriminant Criterion. Tunnel blasting construction in-
evitably disturbs the surrounding soil, causing it to lose its

original stress equilibrium state, resulting in deformation
and displacement of the soil and ground surface. If ap-
propriate control measures are not taken, it will cause
damage to adjacent buildings and even cause serious eco-
nomic loss and great social impact. Based on measured data,
relevant research [42] suggests that the threshold values for
surface vibration displacement zoning are 0.2mm, 0.5mm,
and 0.9mm, respectively.

From the theoretical derivation process in the third
section, the waveform function of surface blasting vi-
bration induced by cut blasting can be obtained. In
theory, this function can be used to integrate time to
obtain displacement values. However, it is worth noting
that the wave theory and structural response analysis
results indicate that the peak velocity and vibration
displacement of particles are functions of charge quantity
and time, and there is a correlation between the various
physical quantities. Considering that the phase transition
of particle vibration displacement values lags behind the
PPV, the infuence of dosage and time should be con-
sidered when predicting surface particle displacement
values using the waveform function of cutting hole
blasting vibration velocity. However, there is a coupling
efect between these two physical parameters, which
cannot directly establish a relationship between the two.
Terefore, this article cites two coefcients to, re-
spectively, characterize the degree of infuence men-
tioned above. Tat is, λ1 �Q′/Q, λ2 � t/t′. After statistical
regression [36], the results confrm that the maximum
value of both is taken as the amplifcation factor
λ�max(λ1, λ2). Te obtained calculation result is the best.
According to the relevant engineering parameters of
blasting engineering, it can be obtained separately
(λ1 �Q/Q′� 4.44, λ2 � t/t′� 10).

To calculate the real surface displacement and to con-
sider the superposition efect of delayed blasting, λ�max (λ1,
λ2)� 10 was determined. Terefore, the surface vibration
velocity waveform function generated by cutting blasting
can be used to predict the surface mass displacement. Te
calculation formula is as follows:

Table 4: Monitoring data of blasting vibration of the tunnel blasting.

On-site monitoring Measurement point R (m) PPV (cm·s−1)

I

1 138.9 0.924
2 107.8 1.331
3 89.9 1.875
4 79.6 2.055
5 77.6 2.103

II

1 152.2 0.963
2 114.4 1.426
3 91.2 1.873
4 74.4 2.223
5 67.1 2.398
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u � λ × 
0.05

0
V(t)dt, (13)

u � λ × 
0.05

0
87 ×

����
43.23

√

R
 

1.20

× e
−70t

× sin π × 87 ×

����
43.23

√

lgR
 

0.5

× t⎡⎣ ⎤⎦dt. (14)

R1′ � 185m when u1 � 0.2mm; R2′ � 82m when
u2 � 0.5mm; R3′ � 53m when u3 � 0.9mm. Ten, the cor-
responding horizontal distances, respectively, are
D1′ � 183m, D2′ � 76m, and D3′ � 44m. Te results of the
impact zoning are shown in surface 2 in Figure 7.

As shown in Figure 7, the range of the strongly
infuenced zone under the PPV of the surface as the
discriminant is slightly larger than that under the dis-
placement as the discriminant, while the range of the
weakly infuenced zone is 42.3% smaller than the other
one. Te extent of the medium impact zone under the two
indicators is approximately the same. In the actual
construction process, before the horizontal distance be-
tween the palm face excavation construction and the
protection object is 90m, no abnormality is seen in the
design construction with ordinary working conditions.
When D > 90m, the current blasting scheme is still
adopted, and the peak vibration speed of a few monitoring
points exceeds 1.5 cm/s, and there is even a monitoring
point with a peak vibration speed of 1.87 cm/s. Te results
of surface vibration monitoring were fed back to the
construction unit in time, and the technical staf started to
substantially adjust the blasting program and take cor-
responding control blasting measures based on the results
of the analysis of the palm face in the vicinity of the
protected object at a horizontal distance of D � 50m. Te
monitoring results show that although there are a few
monitoring points where the vibration speed exceeds
2.0 cm/s, the overall PPV is efectively controlled, and

there are no obvious visible cracks in the house. In
summary, the infuence partition under the discriminant
index of surface PPV is more reasonable than the dis-
criminant index of mass displacement.

5. Discussion

Te factors afecting blasting vibration characteristics are
complex and variable but limited to practical work; the
method proposed in this paper only uses the hollowing hole
charge and blast center distance as input parameters to ft
typical representative parameters and does not accurately
refect the factors that change the nature of the geotechnical
body, which to some extent afects the predictive perfor-
mance of the waveform function and thus the accuracy of the
zoning range. Terefore, the surface mass velocity waveform
theory combined with the mass peak velocity zoning cri-
terion to divide the impact area proposed in this paper is
suitable for projects with small changes in lithology, rock
structure, and geological conditions in the construction area.
In practical engineering applications, the waveform function
of surface mass vibration velocity should be calculated in
a zonal and sectional manner based on the actual geological
and topographical conditions, with comprehensive con-
sideration of the factors afecting blasting vibration, to
further improve the prediction accuracy of the waveform
function and zonal range.

In addition, this paper only predicts the vibration
waveform caused by wedge cut blasting. However, factors

surface
Measuring point

Tunnel
z

x
y

Figure 6: Positional relationship between explosion source and measuring point.
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such as charge form, millisecond detonation, and cutting
methods were not discussed in this article, so subsequent
research should focus on the impact of these factors on the
waveform prediction accuracy.

6. Conclusion

Based on the equivalent explosion source theory, the article
developed a prediction method suitable for cutting blasting
waveform. In addition, the peak particle velocity and dis-
placement of the mass point are used as the discriminating
criteria to divide the infuence area, and the following
conclusions are obtained:

(1) Combining with engineering example, we study the
surface vibration waveform functions caused by
cutting blasting under diferent geological conditions.
Te predicted waveforms roughly match with the
measured waveforms to verify the feasibility of the
theoretical prediction method of surface mass vi-
bration waveforms caused by tunnel cutting blasting.

(2) Te actual construction conditions and real-time
monitoring data show that it is reasonable to use
the peak particle velocity of the mass as the zoning
criterion to divide the infuence area, and the zoning
results can be used to guide the on-site construction.

(3) Trough the impact zoningmap, the control objectives
during the construction of the tunnel through the
existing village can be aligned to adopt economical and
reasonable construction measures in the correspond-
ing zoning area, which can also be used as a reference
for similar projects with similar rock properties.
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