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Introduction: Yongxing Tunnel No.1’s complex geology near a buried oil pipeline
on the Guizhou-Nanning high-speed route poses blasting risks. Prioritizing
pipeline safety, efforts focus on minimizing vibration impacts.

Methods: Research uses numerical simulations and field tests to analyze three
delay times and three spacing charge materials for vibration reduction.

Results: Optimal delay is 30 ms, yielding a 0.52 cm/s vibration velocity, 20%-
29% lower than 28 ms and 32 ms. Soil is the most effective spacer, achieving
0.46 cm/s, 30.30%-22.03% lower than water and air. Field tests align with
simulations.

Discussion: Findings provide a reference for optimal vibration reduction and safe
construction under similar conditions.

KEYWORDS

near the oil pipeline, pipeline vibration effect, vibration reduction experiment, tunnel
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1 Introduction

In order to maintain the stability of the mountain and avoid reclamation after the
project, it has become a common practice in China to connect roads or railways with
tunnels. Tunnel construction will inevitably cause disturbance to the existing buried
pipeline, especially the blasting project near the oil pipeline. In the tunnel construction
method, the drilling and blasting method is widely used in the construction of the hard
rock area of the subway tunnel because of its low material cost, simple operation and
excellent performance in the hard rock environment (Li et al., 2017; Han et al., 2022;
Yang C. et al., 2023). When the drilling and blasting method is applied, a strong shock
wave will be generated to cause a strong impact on the existing buried pipeline, which
will cause strong vibration of the oil and gas pipeline (Koopialipoor et al., 2019). If it is
not controlled, it may cause damage and cracking of the oil and gas pipeline, which may
lead to fire, even explosive detonation and other devastating disasters, causing incalculable
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losses and potential safety hazards to the adjacent areas.Theproblem
of tunnel blasting excavation near buried oil pipeline, because of its
special protection object, should not only ensure the safe operation
of oil pipeline, but also ensure the progress of tunnel construction
(Chen et al., 2023; Chengyu et al., 2023; Xie et al., 2023), As a result,
finding effective ways to minimize the vibration effects of tunnel
blasting on underground oil pipelines has become a pressing issue
and an important area of research (Jiang et al., 2018; Shi et al., 2019).

For the vibration effect in pipeline and tunnel blasting, in the
study of safety thresholds. Qin et al. (2023) studied the force, the
vector sum of the vibration velocity and the axial tensile strain peak
of the front and back blasting surfaces by using the pipe-soil coupling
numerical model of different pipeline sizes and buried pipelines.
Through the finite element analysis of the numerical model of rock
mass-gas pipeline, Yang et al. (2022) created numerical models
that were validated using on-site monitoring data to examine
the dynamic behavior of underground gas pipelines during the
blasting and excavation of the connecting channel. Jiang et al.
(2021), Qin et al. (2023) have done a more in-depth study on
the effect of blasting vibration, confirmed that the amplitude
of blasting seismic wave is related to the amount of explosive,
millisecond blasting time interval, geological properties and other
factors. The blasting center distance and geological properties
will also affect the frequency of blasting seismic wave. Based
on tunnel blasting construction, Li et al. (2024) streamlined the
analysis of blasting seismic waves and established a mathematical
connection between the primary frequency of blasting seismic
wave vibrations and the stress concentration coefficient of the
surrounding rock in tunnels. They found that this concentration
coefficient is significantly influenced by factors such as Poisson’s
ratio and lining thickness. Regarding the study of vibration in tunnel
blasting, Xue et al. (2019) comprehensively studied the impact of
tunnel blasting excavation on adjacent tunnel lining structure for
Xinling Highway Tunnel Project, and proposed and determined
the safety threshold of blasting vibration. In their research on
pipeline safety, Zhu et al. (2023a), Zhu et al. (2023b) proposed a
pattern recognition scheme that combines image coding with the
Shift Window Transformer (SwinT) model in computer vision, and
conducted pilot experiments to verify the superiority of themethod.
Feng et al. (2018), Biondi et al. (2022) employed distributed fiber
optic sensors to track the changes in bending strain and temperature
over time and space in underground pipelines, the monitoring data
were then used to assess the structural performance of the pipeline
in combination with the pipeline parameters and internal pressure.
This study has important implications for the prevention of tunnel
accidents caused by pipe rupture. Zhao et al. (2016) examined
the effects of blasting vibrations on nearby tunnels through both
simulation and experimental approaches, and their findings can
serve as a guide for enhancing blasting plans.

The behavior and mechanism of blasting vibration
in underground tunnels have been thoroughly researched
internationally. Sharafat et al. (2019) incorporated the critical
particle velocity into the vibration attenuation model and adopted
an innovative blasting model, which was successfully applied to
the removal of tunnel plugs in the Neelum Jhelum Hydroelectric
Project. Shin et al. (2011) examined how blast-induced vibrations
affect tunnels by analyzing particle velocity, displacement, and
lining stresses. They also provided initial recommendations for

evaluating blast vibration protection zones. Kong, Oh et al.
(2023), Wang et al. (2024); Xue et al. (2024) highlighted the
significance of considering the depth of tunnel drilling and
the soil conditions when choosing where to place vibration
measurements, as well as the necessity for smart approaches in
tunnel boring.He et al. (2024) provided a review of articles dedicated
to blasting vibration, rock damage and vibration energy in tunnels
from 2000 to 2023 and suggested directions for future research for
reference.

Software analysis is one of the important research methods
used by researchers to simulate the process of tunnel blasting
and predict the effect of blasting. Guo et al. (2022), Zhao et al.
(2024) studied the behavior of tunnel blasting vibration waves in
mountain tunnels using ABAQUS finite element software, finding
that their results closely matched the actual values recorded
during on-site monitoring. Meanwhile, Liu et al. (2022) examined
the dynamic properties of a tunnel with pipes subjected to
blasting vibrations, utilizing FLAC3D for their analysis. Qin and
Zhang (2020), Wang et al. (2022) used a combined ANSYS/LS-
DYNAmethod for numerical modelling and found that the ground
blasting vibration velocity shows an exponential decay trend with
the increase of tunnel burial depth.

In conclusion, the analysis of blasting vibration propagation in
tunnels from a dynamics perspective is quite thorough. However,
there is limited research on using a combination of on-site
monitoring and numerical simulations tomitigate vibrations caused
by blasting near oil pipeline tunnels under various conditions. To
address the pressing issue of vibration hazards from tunnel blasting
on existing buried oil pipelines, this study introduces an innovative
research approach that combines numerical simulations with field
tests.The goal is to identify the best vibration reduction strategies by
thoroughly analyzing the factors that influence pipeline vibrations.
This research specifically examines two critical factors: delay time
and spacer chargematerial, and it highlights their individual impacts
on vibration reduction through detailed comparative analyses. A
key advancement of this method is its holistic approach, which not
only investigates single factors in isolation but also considers the
interactions among multiple factors, allowing for a more precise
identification of the optimal balance for reducing vibrations.

To enhance the theory and application of vibration
reduction in blasting engineering, a comparative analysis of
blasting simulations and on-site vibration reduction tests for
nearby oil pipelines is conducted, using the Yongxing No.1
Tunnel Project as a backdrop. This study aids in evaluating
the safety of existing buried pipelines during tunnel blasting
operations and serves as a reference for the project’s actual
construction.

2 Engineering and geological survey

2.1 Overview of Yongxing No.1 tunnel
project

Yongxing No. 1 tunnel project inlet to outlet in turn, 5940 m of
5‰uphill, 3695.67 mof 18.7‰downhill, 494.33 mof 6‰downhill.
Maximum depth of 480 m. 18.7‰ downhill of 3695.67 m, and 6‰
downhill of 494.33 m. The maximum buried depth is 480 m. The
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FIGURE 1
Overview of Yongxing No. 1 project (A), tunnel auxiliary pit layout (B).

entrance of Yongxing No.1 Tunnel adopts pile-column portal. In
order to ensure the stability of the end wall of the portal, four
artificial excavation pre-reinforcement piles are set at the entrance.
The pile length is 24 m and the pile diameter is 2.0 × 2.5 m. A 30 m
cutting-type reinforced open cut tunnel is set up at the entrance,
and two deformation joints are set up from the entrance to the
light-dark boundary. The exit adopts the reinforced double-ear wall
open-cut tunnel door, DK287 + 775 ∼ + 790 adopts the reinforced
double-ear wall lining, DK287 + 760 ∼ + 775 adopts the reinforced
single-pressure lining, DK287 + 750 ∼ + 760 adopts the reinforced
cutting open-cut tunnel lining. Three deformation joints are set up
at the lining boundary and the light-dark boundary of the entrance
section of the tunnel. The C35 concrete retaining wall is set on
the right side of the DK287 + 760 line, with a top width of 0.8 m,
a chest slope of 5: 1, and a wall height of 3 m. The C35 concrete
retaining wall is set on the left side of the DK287 + 775 line, with
a top width of 1 m, a chest slope of 5: 1, and a wall height of
11 m. he terrain of the entrance and exit is high and steep, and
the dangerous rockfall on the slope of the tunnel top is developed.
Before the construction, the dangerous rockfall is cleaned first. In
order to meet the needs of construction period, ventilation and
disaster prevention and rescue in operation, the tunnel is organized
and constructed by the auxiliary tunnel construction scheme of '
2 horizontal +1 discharge tunnel', Figure 1 presents a summary of
the project along with a schematic diagram of the auxiliary tunnel
entrances.

2.2 Engineering geology

The tunnel entrance is located on a slope, with a natural slope
of about 36° and a slope direction of about 25°. The overburden
on the slope surface is the Quaternary colluvial gravel soil, and
the underlying bedrock is the upper Carboniferous moderately
weathered limestone. The attitude of the rock stratum is 44° < 27°,
and three groups of joints are mainly developed: L1,76° < 74°;
l2,268° < 56°; l3,180° < 64°. The slope direction is the same as the
inclination of the rock stratum, which is a consequent slope and
belongs to an unstable structure. The inclination of L1 and L2 is
obliquely intersected with the slope inclination at a large angle,
which is a relatively stable structure.The inclination of L3 is opposite
to the inclination of the slope, which is a stable structure. The
intersection point of the rock layer with L1 and L2 is located outside
the projection arc of the slope, which is an unstable structure. The
intersection point of the rock layer and L3 is located on the other
side of the slope projection arc, which is a stable structure. The
intersection point of L1 and L2 is located outside the projection arc
of the slope, which is an unstable structure. The intersection of L1
and L3, L2 and L3 is located on the other side of the slope projection
arc, which is a stable structure. In summary, after the excavation of
the tunnel entrance, there are unstable structural planes.

Tunnel exit: The tunnel exit is located on a slope with a
natural slope of about 45° and a slope direction of about 210°. The
overburden on the slope is the Quaternary residual gravel soil, and
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the underlying bedrock is the upper Devonian weathered limestone.
The attitude of the rock stratum is 44'< 27′, and three groups of joints
are mainly developed: L1,110° < 62°; l2,170° < 68°; l3,310° < 87°,
and the slope direction is opposite to the dip direction of the rock
stratum, which belongs to the stable structure.The inclination of L1,
L2 and L3 intersects with the slope inclination at a large angle, and
the inclination angle is large, which is a relatively stable structure.
The intersection of rock strata and L1, L2 and L3 is located on the
other side of the slope projection arc, which is a stable structure.
The intersection of crack L1 and L2 is located on the other side of
the slope projection arc, which belongs to the stable structure. The
intersection of L1 and L3, L2 and L3 is located on the other side of the
slope projection arc, which is a stable structure. In summary, after
the excavation of the tunnel exit, there are unstable structural planes.

3 Results and discussion

Different vibration reductionmeasureswere studied bymeans of
field test and numerical simulation. According to the results of three
different delay times and three interval charging materials obtained
by using finite element software, field tests were carried out at the
same time.The results of numerical simulation and test results were
comprehensively analyzed, and the vibration reduction measures
(optimal delay time) tomeet this geological environmentwere found
out to ensure the progress and safety of tunnel blasting excavation
(Thai et al., 2021; Zhang et al., 2024).

3.1 Establishment of finite element model
of buried pipeline under blasting vibration

Using the finite element software LS-DYNA, the three-
dimensional dynamic finite element modeling of buried pipelines
under blasting vibration is carried out. It is not only necessary
to consider the boundary conditions, material models, physical
models, but also to consider the contact settings and meshing and
other related parameter factors.

3.1.1 Unit type
In the finite element software LS-DYNA, the main unit types

are rear shell unit, seat belt unit, mass unit, body unit, inertial
unit, spring damping unit, thin shell unit, SPH unit and so on.
According to the set shape of the model, the corresponding unit
type is selected. In addition, it is necessary to analyze the loading
conditions, methods and analysis purposes. Finally, it is necessary
to consider the economic cost of the calculation and the length of
the calculation. By considering the above factors, the best unit type
is selected.

3.1.2 Meshing and physical model
The Yongxing No.1 tunnel of Guinan high-speed railway is

excavated by drilling and blasting method. Because in the process
of tunnel excavation, the influence of cutting hole, surrounding
hole and auxiliary hole on blasting vibration effect is the strongest.
Therefore, in the process of LS-DYNA modeling, only the model
of cutting hole needs to be constructed. The finite element model
is established by taking half of the upper step from the symmetry

relationship, which can improve the calculation efficiency and
shorten the calculation time. In order to make the simulation results
have higher accuracy, the SOLID164 unit in this paper needs to use
Lagrange grid to divide. In the interface between oil and pipeline, the
interface between pipeline and soil, the interface between explosive
and rock mass and the grid around the tunnel face, the density
should be increased to ensure the calculation accuracy. The model
grid pattern is shown in Figure 2.

3.1.3 Boundary conditions
In order to ensure the accuracy of the simulation results, the

boundary conditions must be strictly selected in the simulation.
The vibration caused by blasting excavation is essentially a process
of energy propagation (Hassan and Oudah, 2024). Theoretically,
when the blasting seismic wave caused by the explosive source
generated by the explosive propagates to infinity in the propagation
medium, its energy will gradually decay to zero. Therefore, in the
process of modeling, it is necessary to set an infinite boundary
to make it conform to the actual situation, and also make the
model and the simulation results more convincing. However, this
infinite boundary model is not practical in the process of finite
element software modeling, so the reflection-free boundary is
used to replace the infinite boundary in the modeling process
(Yang H. C. et al., 2023).

This model employs a non-reflective boundary condition. It
takes into account the various materials present between the
backfilled soil surrounding the buried pipeline and the mountain
rock, without considering the presence of karst caves or the differing
rock characteristics in the mountains. Consequently, aside from
the backfill soil around the buried pipeline, which is treated as a
transmission boundary, all other boundaries are regarded as non-
reflective.

3.1.4 Contact settings
There are three commonly used algorithms for dealing with

contact problems in finite element software, namely, symmetric
penalty function, dynamic constraint and distribution parameter
(Xu and Neumann, 2020).

There are more than forty kinds of contact types in the finite
element software LS-DYNA,mainly including five categories: single-
sided, one-way, fixed connection, two-way and solid. Whether
it is unidirectional or bidirectional contact, there is a difference
between non-AUTOMATIC and AUTOMATIC. Natural contact
occurs on both sides of the shell element, while non-automatic
contact occurs in the normal direction of the shell element.
Usually the default preferred is automatic contact. In the modeling
process of this paper, the soil and rock mass are arranged
into a common node, the automatic surface contact between
the pipeline and the soil, the sliding friction between the rock
mass and the explosive, and the three contact settings are
appealed, which can more realistically reflect the actual working
conditions.

3.1.5 Selection of element parameters and
material model
3.1.5.1 Material parameters and modelling

The material of the oil pipeline near the blasting excavation of
Yongxing No.1 Tunnel of Guinan High-speed Railway is X70 steel
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FIGURE 2
Finite element mesh diagram.

TABLE 1 Parameter values for each material.

Material type parametric Steel pipe Petroleum Rock Soil

Elasti cmodulus (GPa) 209 _ 29 39

Density (kg/m³) 7,869 870 2,450 1853

Angle of internal friction (rad) _ _ 0.47 0.56

Poisson ratio 0.31 _ 0.23 0.31

Cohesion (MPa) _ _ 17 0.059

Acoustic impedance (g/cm2s) _ 0.89 _ _

Wax content (%) _ 6.8 _ _

Viscosity (Pa·S) _ 73 _ _

Volume longitudinal wave (km/s) _ 1.29 _ _

Tangent modulus (GPa) _ _ 1 _

Yield strength (MPa) 518 _ 79 _

Tensile strength (MPa) 661 _ 5 _

Shear strength (MPa) _ _ 24 0.1

TABLE 2 Parameters and state equation parameters.

JWL equation of state parameter Detonation pressure (GPa) Density (kg/m³) Detonation velocity (m/s)

R1 A/GPa E0/Gpa B/GPa R2

39 1853 0.56 0.31 59 3.39 1,150 3570

pipe, and MAT_PLASTIC_KINEMATIC is selected for numerical
simulation of X70 steel pipe in this modelling process (Jia et al.,
2023). Selection of MAT_NULL material for oil transported in
buried pipelines (Rostami and Mahdavy Moghaddam, 2024). The
MAT_PLASTIC_KINEMATIC material model was chosen for
rock to effectively represent isotropic hardening and the follow-
hardening plasticity model. This allows for precise simulation

of the material’s plastic deformation behavior under complex
stress conditions for X70 steel pipes and rock (Shen et al.,
2024). The material model of the soil body is MAT_DRUCKER_
PRAGER, which can improve the efficiency of the calculation
while guaranteeing a certain degree of accuracy (Briassoulis
and Mistriotis, 2018). The specific parameters are shown in
Table 1.
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FIGURE 3
Time-course plot of field vibration velocity (A), versus simulated vibration velocity (B).

3.1.5.2 Explosive parameters and material model
The JWL equation is used to calculate the pressure of the

explosive unit, and the MAT _ HIGH _ EXPLOSIVE _ BURN
and EOS _ JWL equations are selected as the explosive materials
for the blasting excavation of Yongxing No.1 Tunnel of Guinan
High-speed Railway. The specific parameters are as follows Table 2
(Rybakov, 2016; Mao et al., 2022).

3.1.6 Selection of element parameters and
material model

The numerical simulation of the model is based on the premise
of accuracy. Only in this way can the calculation and research results
be accurate and feasible.Therefore, it is necessary to test the accuracy
of the model before numerical simulation.

The monitoring points are placed on the surface of 1.6 m above
the buried oil pipeline, and then the blasting vibration data of
the surface above the pipeline are collected by the vibrometer
TC-4850. At the same time, the measured data are analyzed and
the waveform diagram is derived by the computer to open the
corresponding analysis software (Blasting vibration analysis) of the
vibrometer. Finally, the variation trend of thewaveformdiagram and
its maximum vibration velocity are compared with the waveform
diagram obtained by simulating the surface, and the error between
the two is used as the basis for judging the accuracy of the model
(Pohl et al., 2022; Ma et al., 2024).

A graph of the time course of the vibration velocity at the field
measurement point and the simulation is shown in Figure 3:

The data of the measuring points are measured by the
vibrometer, and the waveform diagram is derived. It can be seen
that the maximum vibration velocity of the blasting vibration of
the measuring points is 0.31 cm/s. The maximum vibration velocity
simulated by the model is 0.29 cm/s, the relative error is 6.45%, and
the relative error value is less than 12%. It shows that the accuracy of
the model is acceptable and adopted, which is enough to be applied
to the engineering example in this paper.

3.2 Simulation of vibration reduction
research

Based on the model in the above section, three kinds of interval
charge materials, air, soil and water, are added, and the filler
and explosive are set as fluid-solid coupling. ANSYS/LS-DYNA
was used to analyze the blasting vibration waveform diagram and
the maximum stress of the combined vibration velocity under
different working conditions under the action of three delay times
and three interval charging materials. Finally, the optimal delay
time and charging filling material under this geological condition
were obtained (Zheng et al., 2023).

3.2.1 Delay time simulation effect
According to the simulation results of the delay time of 28 ms,

30 ms and 32 ms respectively, the maximum peak and maximum
stress are compared between the field test and the simulation results
with the setting of three sets of delay time.
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FIGURE 4
Maximum combined vibration velocity time scale at 28 ms (A), 30 ms (B) and 32 ms (C) delay time.

TABLE 3 Combined vibration speed statistics.

Delay time (ms) 28 30 32

Maximum combined vibration velocity (cm/s) 0.65 0.52 0.74

3.2.1.1 Maximum vibration velocity analysis
The measuring points directly above the buried pipeline are

analyzed, and the vibration waveform diagram of the combined
vibration velocity blasting is derived. The corresponding resonance
velocities for the three different delay times are shown in Figure 4.

It can be seen from Table 3 that the maximum resultant velocity
corresponding to the delay time of 30 ms is the smallest compared
with the other two, which is 20% and 29% lower than the maximum
resultant velocity corresponding to 28 ms and 32 ms, respectively.

3.2.1.2 Stress analysis
The stress maps at the measurement points corresponding to

different delay times are shown in Figure 5.

It can be seen from Figure 5 that when the delay time reaches
30 ms, the maximum stress on the pipeline reaches the minimum
value, that is, when the delay time is 30 ms, the blasting effect on
the pipeline is the smallest. At this time, the maximum stress value
is 26.4 MPa, and the maximum value appears at the 12,569 node of
the pipeline model, and it can be seen that the stress will not cause
damage to the pipeline.

3.2.2 Simulation effect of interval charge material
This part introduces the influence of different interval charge

materials on vibration reduction. In the axial direction, the interval
charge is changed by changing the way of filling soil, water and
air. The delay time selects the optimal time difference of 30 ms
for blasting, and the maximum stress diagram and the maximum
vibration velocity are obtained through simulation analysis, so
as to determine the charge material with the best vibration
reduction effect (Yu et al., 2024).

The model is built by sequentially altering the interval
charge material. To make it easier to observe, this model
exclusively displays the hole structure created using the particle
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FIGURE 5
Strain diagram of 28 ms time difference measurement point (A) strain diagram of 30 ms time difference measurement point (B) Strain diagram of 32 ms
time difference measurement point (C).

FIGURE 6
Model hole particles of soil (A), air (B) and water (C).

diagram Figure 6. The schematic diagram of the interval charge is
shown below (Wang et al., 2024). The material on the right side is a
blockage (usually amixture of clay, sand andwater), and thematerial
on the left side is an explosive. The middle part of the explosive is
three kinds of interval charge materials: soil, air and water, which
are replaced by different colors on the particle diagram.

3.2.2.1 Maximum vibration velocity analysis
Through the simulation model, the waveforms of the combined

vibration velocity of the ground surface directly above the
pipe at different intervals of loading material are obtained
as shown in Figure 7, and the maximum vibration velocity
is obtained.

Get the maximum vibration resultant velocity from the diagram
and draw the following chart statistics Table 4.

It can be seen from Table 4 that the material with the lowest
maximum combined vibration velocity corresponding to the three
different interval charge material models is soil, and its vibration
velocity is 0.46 cm/s. The maximum resultant velocity of the soil
spacing model is 30.30% and 22.03% lower than that of the water
and air spacingmodel, respectively.The simulation results under the
delay time of 30 ms are 0.52 cm/s, and the maximum closing speed
is reduced by 11.53%.The soil material with the least influence of the
interval charge material can be obtained.

3.2.2.2 Stress analysis
Three kinds of interval charge material models were simulated

and analyzed to obtain the stress state of the surface directly above
the pipeline, and the stress analysis was carried out to find the
optimal interval chargematerial.The stress cloud associatedwith the
surface directly above the pipeline is shown in Figure 8.

3.3 Field vibration reduction test

In this paper, the field vibration reduction test was carried out
by setting different delay time and changing the interval charge
material. In order to reduce the convenience and efficiency of the
field vibration reduction research, the field vibration reduction effect
is measured by the parameter of the maximum vibration velocity,
and the maximum single-stage dosage value is controlled as much
as possible to reduce the difference between the vibration velocities
caused by the inconsistency of the dosage.

The maximum vibration velocity is influenced not only by the
highest single-stage charge but also by factors like the difference in
height and the distance from the explosion center. Due to ongoing
tunnel excavation, the distance between the blasting center and
the measurement point for each blasting operation is continuously
decreasing.Themeasuring point of this field vibration reduction test
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FIGURE 7
Combined vibration velocity waveforms for soil (A), air (B), and water (C) interval loading.

TABLE 4 Maximum vibration velocities of different charging materials.

Gap charging Soil interval Air-deck Water

Maximum combined vibration velocity (cm/s) 0.46 0.66 0.59

FIGURE 8
Stress cloud diagram of soil interval charging (A) Soil interval charging stress cloud diagram (B) Soil interval charging stress cloud diagram (C).
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TABLE 5 Statistical table of vibration velocity at different delay times.

Delay time (ms) 28 30 32

Three-dimensional vibration veloc-ity (cm/s)

V(x) 0.69 0.49 0.73

V( y) 0.46 0.53 0.56

V(z) 0.32 0.46 0.61

The vibration ve-locity (cm/s) V 0.69 0.58 0.76

is located on the surface directly above the oil pipeline. Because the
tunnel length is long and basically in the same level of excavation, the
excavation length of each blasting excavation in the process of this
test is negligible compared with the tunnel length and the horizontal
height does not change, so the distance between the blasting center
and the elevation difference can be considered unchanged.

Taking into account the geological conditions and various other
factors, the measuring point is positioned directly above the oil
pipeline on the surface.Thedistance from themeasuring point to the
blasting area is reasonable, and since the surface is made of concrete,
it helps minimize errors that could arise from slight variations in
distance between the blasting center and elevation differences.

3.3.1 Delay time field test
The delay time field test is carried out. The test is divided into

three groups, that is, the single delay time is 28 ms, 30 ms and
32 ms respectively. The waveform diagram of the test is obtained
at the measuring point, and it is analyzed and compared with the
simulation.The statistics of the maximum vibration velocity and the

combined velocity measured by the measuring point for different
delay time are as follows Table 5.

From Table 5, it can be seen that in the case of a delay time
of 30 ms, there is a minimum value of the vibration velocity, and
the maximum vibration velocity is 0.58 cm/s. Therefore, for this
geological condition, the vibration reduction effect of a single delay
time of 30 ms is the best. The results of field test and simulation are
consistent, so it can be confirmed that the simulation is credible.
The established pipeline model of tunnel excavation has guiding
significance in engineering.

3.3.2 Field test of interval charge
Based on the field test of different delay time, the field test of

interval charge is continued. In the field test of interval charge, PNJ-
A clay gun is used to produce soil charge materials. The specific
production process is to manually stir the soil medium evenly and
put it into the feed bin. The start button can be put into production.
The length of the soil interval produced is between 20 and 30 cm.
TheKPS-60 plastic bag filling and sealingmachine is used to produce
water bags in the field test of interval charge. The specific process of
producing water bags is to open the switch first, then the machine
runs twice, let the pump discharge the air and fill the water, and
then close themain switch.The plastic bag is sheathed into the outlet
pipe mouth and the switch button is started by hand to complete the
filling and sealing of the water medium Figure 9.

In the field interval charge test, in order to achieve the blasting
effect, after the interval of different materials is filled, the length of
the blockage section of the blast hole is measured with a bamboo
rod, and then the remaining finished product of the soil interval or
the rock powder formed during the drilling process is used as the
blockage, and the uncrushed block object cannot be used for filling,

FIGURE 9
Site preparation of soil (A, B) and water (C, D) spacer charge materials.
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TABLE 6 Statistical table of interval vibration velocity of different
charging materials.

Delay time (ms) 28 30 32

Three-dimensional vibration veloc-ity (cm/s)

V(x) 0.46 0.66 0.59

V( y) 0.32 0.46 0.43

V(z) 0.43 0.32 0.31

The vibration ve-locity (cm/s) V 0.51 0.71 0.62

so as to avoid the generation of flying stones during the blasting
process. In the final filling process, the filling material needs to be
compacted with a wooden stick to improve the utilization rate of
explosives.

The field test for delay time is conducted and categorized into
three groups based on the interval charging materials: soil, water,
and air. A waveform diagram is recorded at the measurement
point, which is then analyzed and compared with the simulation
results. Below is Table 6. Which presents the statistical data on the
maximum vibration velocity and the combined velocity recorded at
the measurement point for the various charging materials.

It can be seen from Table 6 that the maximum vibration velocity
is 0.51 cm/s when the soil is spaced. In the case of charging at water
intervals, the maximum combined vibration velocity is 0.71 cm/s;
in the case of air interval charge, the maximum combined vibration
velocity is 0.62 cm/s, so for this geological condition, the vibration
reduction effect of soil interval chargematerial is the best.The results
of field test and simulation are consistent, so it can be sure that
the simulation is credible. The established pipeline model of tunnel
excavation has guiding significance in engineering.

4 Conclusion

In this paper, taking the Yongxing No.1 tunnel adjacent to the
buried oil pipeline in the high-speed railway section from Guizhou
to Nanning as an example, ANSYS/LS-DYNA is used to analyze the
blasting vibration waveform and maximum stress of the combined
vibration velocity under different working conditions under the
action of three kinds of delay time and three kinds of interval charge
materials. Finally, the optimal delay time and charge filling material
under this geological condition are obtained. The conclusions are
as follows.

(1) By simulating delay times of 28 ms, 30 ms, and 32 ms, along
with different spacermaterials (soil, water, air), it was observed
that the lowest maximum vibration speed occurred at a 30 ms
delay time, measuring 0.52 cm/s. This represents a reduction
in vibration of 20% compared to 28 ms and 29% compared
to 32 ms, with the maximum stress recorded at 26.4 MPa.
Additionally, when using soil as the spacer material at a 30 ms
delay, the vibration further decreased to 0.46 cm/s, which is
30.30% lower than with water and 22.03% lower than with air
spacers, while the maximum stress point was 22.4 MPa.

(2) The field monitoring experiments showed that the lowest
maximum vibration velocity occurred at a delay of 30 ms,

measuring 0.52 cm/s, which is 15.9% and 23.7% less than
the velocities recorded at 28 ms and 32 ms, respectively.
Additionally, the earth spacer material exhibited the lowest
maximum vibration velocity at 0.51 cm/s, which is 28.2% and
17.7% lower than the velocities of the water and air spacers,
respectively.

(3) Comparison via field tests and simulations: The optimal
performance for vibration reduction is achieved with a delay
time of 30 ms and the use of soil spacer materials. The
results from field experiments align closely with those from
numerical simulations. Implementing an appropriate delay
time along with soil spacer charges can lead to improved
vibration reduction outcomes.
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