
Research Article
Dynamic Response Analysis of BuriedDrainage Pipes for Polymer
Grouting Trenchless Rehabilitation under the Traveling
Wave Effect

Fengyang Miao ,1 Weiguo Li ,2 Jianguo Xu ,1 Zhihao Chen ,3 and Xiaoyu Feng 2

1School of Water Conservancy Engineering, Zhengzhou University, Zhengzhou 450001, Henan, China
2Henan Highway Engineering Bureau Group Co. LTD, Zhengzhou 450052, Henan, China
3Zhongshui Northeast Survey Design and Research Co. LTD, Changchun 130021, Jilin, China

Correspondence should be addressed to Jianguo Xu; jianguoxu@zzu.edu.cn

Received 6 June 2022; Accepted 18 August 2022; Published 29 September 2022

Academic Editor: Pengjiao Jia

Copyright © 2022 Fengyang Miao et al. �is is an open access article distributed under the Creative Commons Attribution
License, which permits unrestricted use, distribution, and reproduction in any medium, provided the original work is
properly cited.

�e polymer grouting nonexcavation repair technology has been widely used in the repair of underground pipeline leaks, but the
seismic response to the polymer repair pipeline is currently using a consistent excitation of seismic input without considering the
in�uence of the traveling wave e�ect. �is paper establishes the longitudinal and transverse vibration models of the polymer grout
repair pipeline considering the traveling wave e�ect based on the elastic foundation beam theory.�e seismic input uses arti�cially
generated random seismic waves and solves the di�erential equations for pipeline vibration to carry out seismic response analysis
of long-buried pipelines under three conditions: normal, vacant, and polymer grouting repair. �e results show that after
considering the traveling wave e�ect, the reaction of each measuring point on the pipeline has obvious phase characteristics, and
the waveform of the distant measuring point has an obvious hysteresis phenomenon; the seismic wave velocity has a great
in�uence on the deformation of the pipeline, and the displacement amplitude of the pipeline increases with the increase of the
seismic wave velocity. �e peak of pipeline displacement after vacancy will increase by 100%∼300% more than normal, while the
di�erence in pipeline deformation after high polymer grouting is about 25% compared with normal, which means that the bottom
vacant will have a great in�uence on pipeline deformation, and high polymer repair can restore the pipeline mechanical properties
to normal levels.

1. Introduction

�e polymer grouting repair technology is used to �ll the
void, seal the leakage, and lift and settle the pipeline by
injecting polymer grouting material into the leaky part of the
pipeline structure, and as a minimally invasive and e�cient
underground pipeline trenchless repair technology, this
technology has been successfully applied in many under-
ground pipeline repair projects [1–3]. Studies have also been
conducted on the seismic response of polymer-repaired
pipes [4–7], but the seismic inputs used in all of these studies
were consistent excitation. For small-span structures, it is
reasonable not to consider the spatial variation of ground
shaking. However, studies have shown that the use of seismic

input with consistent excitation for large-span structures
such as pipelines is not practical and may lead to unrea-
sonable seismic design [8–11]. �erefore, it is necessary to
perform a nonuniform excitation seismic response analysis
for polymer grouting to repair underground drainage pipes.

�e variability of ground shaking includes temporal and
spatial di�erences, mainly traveling wave e�ects, local site
e�ects, and partial coherence e�ects with traveling-wave
e�ects dominating [12, 13]. �erefore, this paper will con-
sider the dynamic response of the high polymer repair pipe
under the traveling wave e�ect and establish the vibration
equation of the high polymer repair pipe considering the
traveling wave e�ect based on the elastic foundation beam
theory. �e seismic input uses arti�cially generated random
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seismic waves and then analyzes the effect of different ap-
parent wave speeds on the traveling wave effect.

2. Solving Vibration Equations for Polymer
Repaired Pipes under the Traveling
Wave Effect

As shown in Figure 1, for the dynamic response of the
polymer repair pipeline under the traveling wave effect, this
paper assumes the underground pipeline as an infinitely long
homogeneous long beam on an elastic foundation and
combines the analytical model of pipe-soil-polymer inter-
action previously proposed by the authors [7], neglecting the
internal damping of the pipeline, to obtain a computational
model of the seismic response of the polymer repair pipeline.

2.1. Solving the Longitudinal Vibration Response Equation for
Pipelines. *e underground continuous pipeline is usually
very long, and when doing the actual calculation, you can
take one of the pipe sections to calculate. When the length of
the calculated pipe section is large enough, the influence of
the boundary conditions on the middle part of the calculated
pipe section is small, so the calculated pipe section can be
regarded as a free boundary, and when the pipe generates
longitudinal vibration, its calculation model and boundary
conditions are shown in Figure 2.

Assuming that the medium around the underground
pipe is uniformly distributed along the direction of the pipe
axis, the longitudinal vibration equation of the pipe is shown
as follows:
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wherem is the mass of the pipe, c is the damping factor of the
surrounding medium, k is the longitudinal stiffness of the
surrounding medium, EA is the axial stiffness of the pipe,
u(x, t) is the longitudinal displacement of the pipe, and
ug(x, t) is the longitudinal ground displacement.

To solve the above-given vibration equation, the pro-
posed static displacement method [14] is used to consider
the effect of the traveling wave effect, and the longitudinal
displacement of the pipe in equation (1) is decomposed as
shown in equation (2), which is the proposed static dis-
placement us(x, t) caused by the ground motion and the
dynamic displacement ud(x, t) caused by the inertia and
damping of the structure, respectively.
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d
(x, t). (2)

*e dynamic term in equation (1) is removed to obtain
the proposed static displacement ordinary differential
equation.
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*e general solution of the chi-square equation corre-
sponding to equation (3) is
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Expanding the site displacement and pipe displacement
on the interval A as a cosine series leads to the special so-
lution of equation (3) as
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Adding equations (4) and (5) and substituting the
boundary conditions yields the solution of the differential
equation as
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*en, the dynamic term in formula (1) is proposed, and
the following equation can be obtained:
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*e dynamics of displacement can be solved by the
vibration superposition method [15]. Firstly, the damping
term and nonflush term in equation (7) are removed, and the
self-oscillation frequency and vibration shape are obtained
by substituting the boundary conditions using the separation
of variables method as follows:
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(8)

*en,

u
d
(x, t) � 

∞

n�0
qn(t)ϕn(x). (9)

Substituting the above equation into equation (7), we get
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Decoupling equation (10) using the vibration superpo-
sition method, we obtain
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Equation (11) is integrated over the interval (0, l), and
according to the orthogonality of the vibration pattern, we
get
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where A � 1/ − ωk/c + nπ/l · Ck/2ω2
k, B � 1/ − ωk/c − nπ

/l · Ck/2ω2
k.

Take the first N vibration types for calculation, and after
finding the corresponding a, the dynamic displacement can
be approximated according to equation (9).

u
d
(x, t) ≈ 

N

n�0
qn(t)ϕn(x). (13)

Finally, the proposed static displacement and dynamic
displacement are summed to obtain the displacement

solution of the longitudinal vibration equation of the pipe
under the traveling wave effect, and the strain and internal
force of the pipe can be further obtained from the
displacement.

2.2. Pipeline Transverse Vibration Response Equation Solving.
*e pipeline transverse vibration calculation model and
boundary conditions are shown in Figure 3, and the
transverse vibration equation is
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Although the equations of motion and boundary con-
ditions for longitudinal and transverse vibrations are dif-
ferent, the solution ideas are the same, so we will not repeat
them here. By replacing a with b in the above longitudinal
vibration, the proposed static displacement of the transverse
vibration can be obtained as

u
s
(x, t) �

1
2
a0(t) + 

∞

n�1

kan(t)

k + EI(nπ)
4/l4

cos
nπ
l

x. (15)

Correspondingly, its differential equation for solving a is
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3. Artificial Random Seismic Wave Generation

Since the actual seismic waves cannot match the corre-
sponding seismic environment and site conditions, the
actual seismic records are discrete and cannot be used for
subsequent calculations. *erefore, the seismic wave input
in this paper adopts artificially generated random seismic
waves. *e seismic input uses artificially generated random
seismic waves, whose generation method is based on the
Clough–Penzien power spectrum of a smooth ground

shaking process [16], and introduces a generalized evolu-
tionary power spectrum model of a nonsmooth ground
shaking acceleration process and associated parameters. *e
generalized evolutionary power spectrum model fully takes
into account the time-varying characteristics of the ground
shaking duration, peak ground shaking acceleration, site soil
circular frequency, and damping ratio, and the expression of
this power spectrum density function is
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where A(t) is called the forcedmodulation coefficient, tmax is
the moment corresponding to the peak acceleration, d is the
modulation coefficient shape control index, S0(t) is the
spectral parameter indicating the ground vibration intensity,
amax is the average peak acceleration, and c is the equivalent
peak factor. ωg(t), ξg(t) are the site soil self-oscillation circle
frequency and damping ratio, respectively; ωj(t), ξj(t) are
the filtering parameters. Site parameters and filtering pa-
rameters are linear functions of time, respectively.

For a zero-mean nonsmooth ground shaking accelera-
tion time series a(t), if its evolutionary power spectral
density function is Sa(ωi, t), the nonsmooth earthquake
acceleration time series can be modeled as

a(t) � 
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*e calculated response spectrum Sa(ω, ζ) can be ap-
proximated to the design response spectrum ST

a (ω, ζ) by
iterative correction of the amplitude spectrum according to
equation (19) using the numerical analysis software calcu-
lation program.
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*e evolving power spectrum density function Sa(ω, t)

used in this paper can be determined from the standard
response spectrum of hydraulic design, and the relevant
parameters can be determined according to SL203-97 “Code
for Seismic Design of Hydraulic Buildings” [14]. *en, the
artificial seismic waves generated based on the above process
are shown in Figure 4.

4. Analysis of Calculation Results

Based on the above solution process, a calculation program
was prepared using numerical analysis software, and the
calculation and analysis of the example were carried out. For
the calculation, the length of the pipe is 1000m, and three
measurement points are selected at 200m, 500m, and 800m
along the pipe axis to analyze the deformation of the pipe
under normal, vacant, and repair conditions [17, 18]. A
vacant is assumed to occur at the bottom of the entire pipe
(approximately 1/8 of the circular area of the entire pipe),
along the direction of the pipe axis, through the entire
bottom of the pipe [3].

*e standard spectrum of artificial random seismic wave
design is determined according to SL203-97 “Seismic Design
Code for Hydraulic Buildings,” and the loading direction is
divided into two directions: longitudinal and transverse [14].
Although the propagation velocity of seismic waves in soft
soil is generally 50m/s∼250m/s, the propagation velocity of
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seismic waves increases with the increase of soil depth
[19, 20], and the propagation velocity in bedrock increases
significantly, reaching 2000m/s∼2500m/s [21, 22].*e basic

apparent wave velocity of the EI-Centro wave station is
shown in Table 1 in the manuscript. *erefore, three-wave
velocities of 100m/s, 200m/s, and 500m/s are used to an-
alyze the seismic waves in this paper.

*e values of the medium stiffness around the pipe in the
vibration equation under normal, vacant, and repair con-
ditions can be calculated according to the equations in the
previous research results [7], and the specific data can be
found in Table 2, and for space reasons, the detailed solution
process will not be repeated. *e damping is viscous
damping, and the damping ratio taken in this paper is 0.05.

4.1. Analysis of Calculation Results of Longitudinal Vibration
of Pipes. Figure 5 shows the comparison of the maximum
values of the longitudinal vibration displacement at the three
corresponding observation points for different seismic wave
velocities under three working conditions, namely, normal,
decoupled, and repaired. From Figure 5(b), it can be seen
that the maximum values of pipe displacements at different
locations do not differ much under the action of the same
seismic wave. *e maximum value of displacement at the
500m measurement point is 21.012mm when the wave
speed is 500m/s under the vacant condition, compared with
14.461mm at the 200m measurement point and 15.338mm
at the 800m measurement point. *e difference is 6.551mm
and 5.674mm, respectively, and the difference is the largest
at this time, and the difference is between 1 and 4mm for the
rest of the working conditions.

For the same measurement point, when the seismic wave
velocity is different, the maximum value of its longitudinal
vibration displacement increases with the increase of wave
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Figure 4: Artificial seismic waves generated using numerical
analysis software.

Table 1: *e basal apparent wave velocity of the EI-Centro station.

Depth/
m

*ickness
(m) Soil Apparent wave

velocity (m/s)
4.2 4.2 Clay 122
5.6 1.2 Sand clay 122

15.7 10.1 Sandy clay-
silting clay 175

21.8 6.1 Sand silt clay 213
34.8 13.0 Fine sand soil 251
42.3 7.5 Silted clay 251
45.9 3.6 Silt fine sand 251
65.5 19.6 Silted clay 305
68.5 13.0 Silt fine sand —

Table 2: Calculated stiffness values for normal, vacant, and repair
conditions.

Work conditions
Calculated stiffness (107N/m2)
Longitudinal
vibration

Transverse
vibration

Normal 7.13 6.33
Vacant 8.94 8.01
Polymer grouting
repair 6.04 5.97
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velocity. From Figure 5(a), it can be seen that the maximum
values of pipe displacement at 200m of the measurement
point under normal conditions are 2.030mm, 5.240mm,
and 10.139mm with the increase of seismic wave velocity,
and the maximum values of displacement at wave velocity
200m/s and wave velocity 500m/s are increased by 2.58
times and 4.99 times, respectively, compared with that at
wave velocity 100m/s. Similarly, from Figure 5(c), it can be
seen that themaximum values of displacement at 200m after
repair are 2.548mm, 6.733mm, and 11.634mm, respec-
tively, which are 2.64 times and 4.56 times higher compared
to the wave speed of 100m/s.

As can be seen from Figure 5, the displacement maxi-
mum value of the pipeline increases significantly for the
pipeline vacant case relative to the normal burial condition
of the pipeline. For example, at the 500m measurement
point, the displacement maxima of the decoupled pipe at
wave velocities of 100m/s, 200m/s, and 500m/s increased by
3.374mm, 5.226mm, and 9.156mm, respectively, compared

with normal conditions. *e displacement maxima of the
repaired pipeline are small compared with the normal
condition. At the 500m measurement point, the displace-
ment maxima of the repaired pipeline with polymer are
2.442mm, 5.856mm, and 14.793mm, respectively, and the
errors are 20%, 21%, and 13%, respectively, compared with
the displacement maxima under normal conditions at the
same wave speed, which are small. From the above analysis,
it can also be seen that the vacant has a greater impact on the
pipeline, which will make the seismic response of the
pipeline increase significantly, and the maximum value of
the pipeline displacement will be significantly reduced after
the repair by polymer deformation close to the longitudinal
displacement deformation of the normally buried pipeline,
reflecting the repair effect of polymer grouting on the
pipeline vacant.

Figure 6 shows the comparison of the longitudinal vi-
bration displacement time curves of the pipe at different
positions. As can be seen from Figure 6, the trend of the
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Figure 5: Maximum value of longitudinal vibration displacement of the pipeline under different wave velocities. (a) Normal, (b) vacant, and
(c) polymer grouting repair.
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displacement time curve at different locations of the pipeline
under normal, vacant, and repair conditions under the same
seismic action is basically the same, while the response of
each measurement point of the pipeline has obvious phase
characteristics. From Figure 6(a), it can be seen that when
the wave speed is 100m/s, the displacement time curve at the
measurement point 800m has a significant lag relative to
that at 200m, and the lag time is approximately equal to the
propagation time of the seismic wave between the two. *is
hysteresis can also be seen in Figure 6(b) for a wave speed of
200m/s. *is hysteresis is not obvious in Figure 6(c) due to
the faster wave speed, which is in general agreement with the
results obtained in the literature [23]. From Figure 6, it can
be seen that the peak values of pipes at different locations are
slightly different for the same seismic wave velocity. *is is
because the length of pipes used in the actual calculation is

taken as a constant value compared to the theoretical as-
sumption of infinite length pipes, which cannot eliminate
the effect of boundary effects.

Figure 7 shows the comparison of the longitudinal vi-
bration displacement time curves of the pipe at the same
position under different wave velocity conditions. From
Figure 7, it can be obtained that the displacement time
curves at the same location of the pipeline under normal,
vacant, and repair conditions are basically of the same
waveform under different wave velocity conditions, and the
displacement amplitude increases with the increase of
seismic wave velocity. Figure 7(a) shows the displacement
time curve at 200m under the normal condition, and the
displacement maximum increases by 392% and 56% with
increasing wave speed, and the displacement maximum
increases by 307% and 111% at 500m in Figure 7(b) under
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Figure 6: Longitudinal vibration displacement time course curves of pipes at different positions. (a) Wave speed v � 100m/s (normal).
(b) Wave speed v � 200m/s (vacant). (c) Wave speed v � 500m/s (polymer grouting repair).
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the vacant condition, and Figure 7(c) shows the displace-
ment time curve at 800m after restoration, which increases
by 281% and 34% relative to 2.752mm at 100m/s and 200m/
s at 7.789mm, an increase of 281% and 34%. It can be seen
that after considering the traveling wave effect, the seismic
wave velocity has a greater influence on the deformation of
the pipeline.

Figure 8 shows the comparison of the longitudinal
vibration displacement time curves of the pipe at the same
position under three conditions: normal, vacant, and
repaired. As can be seen from 8, the displacement am-
plitude of the dehollowed pipe will increase significantly
compared to the normal condition at different locations
and under different wave speed conditions, while the
displacement value of the pipe will return to the normal
level after repair. Figure 8(a) shows the comparison of

normal, vacant, and repaired displacement time curves at
800m measurement point at wave speed 100m/s. It can be
seen that the displacement value of the pipe will increase
overall after being vacant, and its maximum value appears
at 36.7 s as 5.164mm, at which time the displacement is
1.993mm under the normal condition and 2.494mm after
being repaired. Compared with the normal condition, the
displacement of the dehollowed pipe increases compared
with the normal situation, the displacement of the
decoupled pipe increases by 159%, and the displacement
of the repaired pipe only increases by 25%. As shown in
Figure 8(b), when the wave speed is 200m/s, the maxi-
mum value of the displacement of the decoupled pipe at
the 500m measurement point occurs at 31.1 s as
6.975mm, compared with the normal situation (dis-
placement maximum value of 3.133mm), the
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Figure 7: Longitudinal vibration displacement time curve of the pipeline under different wave velocity conditions. (a) Displacement time
course curve at 200m (normal). (b) Displacement time course curve at 500m (vacant). (c) Displacement time course curve at 800m
(polymer grouting repair).
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displacement of the decoupled pipe increases by 123%,
and the displacement of the repaired pipe (displacement
maximum value of 4.352mm) increases by 38%. Also, in
Figure 8(c), the displacement of the dehollowed pipe is
maximum at 15.6 s, 7.432mm, at which time the dis-
placement of the dehollowed pipe increases by 83%
compared to the normal condition (displacement maxi-
mum of 4.045mm), and the displacement of the repaired
pipe (displacement maximum of 4.352mm) increases by
7%. *is shows that the bottom vacant will have a great
influence on the deformation of the pipeline, and the
deformation of the pipeline as a whole will increase under
the vacant condition, while the deformation of the
pipeline after polymer grouting will only increase by
about 20% compared with the normal burial condition,
bringing the deformation of the pipeline close to
returning to the normal level.

4.2. Analysis of Pipeline Transverse Vibration Calculation
Results. Figure 9 shows the comparison of the maximum
values of transverse vibration displacement at the three
measurement points for different seismic wave velocities
under three working conditions, namely, normal,
decoupled, and repaired. As in Figure 5, it can be seen that
under the transverse vibration conditions, the displace-
ment maximum value at the three measurement points
changes basically the same law as the longitudinal vi-
bration. Under the same seismic wave action, as shown in
Figure 9(b), the maximum value of displacement at the
500m measurement point is 37.462mm when the wave
speed is 500m/s under repair conditions, compared with
27.618mm at the 200m measurement point and
26.423mm at the 800m measurement point; the differ-
ence is 9.834mm and 11.039mm, respectively, at which
time the difference is the maximum. *e rest of the
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Figure 8: Longitudinal vibration displacement time curve of the pipe under normal, vacant, and polymer grouting repair. (a) At 800m, wave
speed v � 100m/s. (b) At 500m, wave speed v � 200m/s. (c) At 200m, wave speed v � 500m/s.

Advances in Civil Engineering 9



working condition difference values are between 1 and
7mm, and the maximum value of pipe displacement at
different positions is not much different. For the same
measurement point, when the seismic wave velocity is
different, the maximum value of its longitudinal vibration
displacement increases with the increase of wave velocity.
*e vacant has a greater impact on the pipeline, which will
cause a significant increase in the maximum value of the
pipeline displacement. After repair by polymer, the
maximum value of the pipeline displacement will be
significantly reduced, the error will be smaller compared
with the normal condition, and the deformation will be
close to the deformation in normal use.

Figure 10 shows the comparison of the time course
curves of transverse vibration displacement of the pipeline at
different locations. From Figure 10, it can be seen that the
time course curves of transverse vibration displacement at

different locations of the pipeline under normal, vacant, and
repair conditions under the action of the same earthquake
also have basically the same trend, while the response of each
measurement point of the pipeline has the same phase
characteristics as the longitudinal vibration. From
Figure 10(a), it can be seen that this hysteresis phenomenon
is most obvious when the wave speed is 100m/s. In
Figure 10(c), the waveforms at different locations roughly
overlap when the wave speed is 500m/s, which shows that
the hysteresis phenomenon becomes less and less obvious as
the wave speed increases.

Figure 11 shows the comparison of the time course
curves of transverse vibration displacement of the pipeline
under different wave velocity conditions at the same lo-
cation. It can be seen from the figure that the transverse
vibration displacement amplitude of the pipe increases
with the increase of seismic wave speed. Figure 11(c)
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Figure 9: Maximum value of transverse vibration displacement of the pipeline under different wave velocities. (a) Normal, (b) vacant, and
(c) polymer grouting repair.
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shows the displacement time course curve at 800m after
repair. *e peak seismic displacement is the largest when
the wave speed is 500m/s, and the maximum displace-
ment value is 26.423mm at this time, which increases by
438% and 131% compared to 4.907mm at 100m/s and
11.403mm at 200m/s, respectively. Similarly, Figure 11(a)
shows the displacement time curve at 200m in the normal
case with 257% and 166% increase in the displacement
maximum and 717% and 166% increase in the displace-
ment maximum at 500m in Figure 11(b) in the off-air
case. It can be seen that the seismic wave velocity has a
large effect on the lateral deformation of the pipeline after
considering the traveling wave effect.

Figure 12 shows the comparison of the lateral vibration
displacement time curves of the pipe at the same position
under normal, dehollowed, and repaired conditions. From
Figure 12, it can be seen that the displacement amplitude of

the dehollowed pipe increases significantly compared with
the normal condition at different positions and different
wave velocities, while the displacement value of the re-
habilitated pipe returns to the normal level. Figure 12(a)
shows the comparison of normal, vacant, and repaired
displacement time curves at 800m measurement point at
wave speed 100m/s. It can be seen that the displacement
value of the pipe will increase overall after being vacant,
and its maximum value appears at 12.541mm at 36.7 s, at
which time the displacement is 3.993mm under the normal
condition and 4.913mm after being repaired. Compared
with the normal condition, the displacement of the
dehollowed pipe increases compared with the normal
situation, the displacement of the decoupled pipe increased
by 214%, and the displacement of the repaired pipe in-
creased by 23%. As shown in Figure 12(b), when the wave
speed is 200m/s, the maximum value of the displacement
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Figure 10: Time course curve of transverse vibration displacement of pipes at different positions. (a) Wave speed v � 100m/s (normal). (b)
Wave speed v � 200m/s (vacant). (c) Wave speed v � 500m/s (polymer grouting repair).
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of the decoupled pipe at the 500m measurement point
appears at 28.8 s as 42.557mm, at which time the dis-
placement of the decoupled pipe increases by 193%
compared with the normal situation (displacement maxi-
mum value of 14.506mm), and the displacement of the
repaired pipe (displacement maximum value of
11.805mm) increases by 18%. Similarly, in Figure 12(c), the
displacement of the dehollowed pipe is maximum at 24.8 s,
which is 72.459mm, at which time the displacement of the

dehollowed pipe increases by 302% compared with the
normal condition (displacement maximum is 18.013mm),
and the displacement of the repaired pipe (displacement
maximum is 24.352mm) increases by 35%. It shows that
the bottom of the vacant will have a great influence on the
deformation of the pipe, and the overall deformation of the
pipe will increase under the vacant condition, while
polymer grouting can make the deformation of the pipe
basically return to the normal level.
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Figure 11: Time course curve of transverse vibration displacement of the pipeline under different wave velocity conditions. (a) At 200m
(normal). (b) At 500m (vacant). (c) At 800m (polymer grouting repair).
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5. Conclusion

In this paper, the underground pipeline is assumed to be an
infinitely long homogeneous long beam on an elastic
foundation, and the seismic response calculation model of
the polymer repair pipeline is established by combining the
proposed analytical model of pipe-soil-polymer interaction
and neglecting the internal damping of the pipeline, while
the longitudinal and transverse vibration equations of the
pipeline are solved by using the vibration superposition
method, and finally, based on the above solution process,
artificial random seismic waves are input to carry out the
analysis of the seismic response of the pipeline under the
traveling wave effect. *e seismic response analysis of

pipeline polymer repair under the effect of traveling waves
was carried out based on the above solution process and
inputting artificial random seismic waves. *e following
conclusions were obtained.

(1) Under the action of the same seismic wave, the trend
of the displacement time curve at different locations
of the pipeline under normal, vacant, and repair
conditions is basically the same, and the difference
between the maximum value of positive displace-
ment and the maximum value of negative dis-
placement of the pipeline at different locations is not
large. At the same time, the response of each mea-
surement point of the pipeline has obvious phase
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Figure 12: Time course curves of transverse vibration displacement of pipes under normal, vacant, and polymer grouting repair. (a) At
800m, wave speed v � 100m/s. (b) At 500m, wave speed v � 200m/s. (c) At 200m, wave speed v � 500m/s.
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characteristics, and the waveform of the measure-
ment point at a farther distance has an obvious
hysteresis phenomenon, but with the increase of
wave speed, the hysteresis phenomenon becomes less
and less obvious.

(2) *e displacement time curves at the same location of
the pipeline under normal, decoupled, and repaired
conditions are basically the same under different
wave velocities, and the displacement amplitude
increases with the increase of seismic wave velocity.
After considering the traveling wave effect, the
seismic wave speed has a greater influence on the
deformation of the pipeline.

(3) *e displacement amplitude of the dehollowed pipe
will increase significantly compared with the normal
condition under different positions and different
wave speed conditions, while the maximum dis-
placement value of the repaired pipe basically returns
to the normal level. *e peak displacement of the
pipe after being vacant will increase by 100%∼300%
compared with the normal condition, while the
deformation of the pipe after polymer grouting will
only increase by about 20% compared with the
normal condition. It can be concluded that the
bottom vacant will have a great influence on the
deformation of the pipe, and the pipe deformation
can be nearly restored to the normal level after the
repair of polymer grouting.
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