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Abstract: Dynamic loads generated by heavy vehicles are among the loads resisted by pipelines
buried under road surfaces. Most recent analyses are based on static assumptions; however, in
practice, vehicle loads change dynamically. In this study, the finite element model of the pipe–soil
interaction of a buried pipeline was established using the ABAQUS 2020 finite element software, and
dynamic loads were applied above the model soil to simulate the influence of vehicles above the
highway on the buried X80 pipeline. The mechanical responses of different influencing factors to
buried pipelines were analyzed. Increasing the pipe diameter and burial depth decreases the effect
of vehicle rolling on the buried pipeline. The mass of the vehicle is the most significant factor that
influences the stress and strain on the pipeline. The stress increase of the conventional vehicle load
on the X80 gas pipeline does not exceed 10 MPa, and the maximum shape variable of the pipeline
is within 13 mm. This study provides a data reference and a risk warning regarding the rolling of
buried natural gas pipelines under a single vehicle load.

Keywords: buried pipelines; traffic loads; finite elements; X80

1. Introduction

In recent years, accidents involving pipeline damage, leaks, and fires caused by
vehicles running over pipelines have frequently occurred. In 2018, a bus in Beibei District,
Chongqing, ran over a gas pipeline while in motion, which resulted in gas leaks and
subsequent fires. In 2020, a concrete tanker truck in Xiuwu County, Henan Province, ran
over an oil pipeline while being driven, which led to oil leaks and explosions. In 2021,
a similar incident occurred in the Wuhan area, involving a gas leak with clear evidence of
vehicle impact marks [1]. The impact of heavy vehicles running over pipelines significantly
compromises safety. When pipelines bear loads from vehicles, the loads can lead to pipeline
damage, potentially causing accidents such as leaks and explosions. These incidents can
cause significant damage to property and threaten the lives of nearby residents. Therefore,
assessing pipeline stress conditions and ensuring pipeline safety are vital.

Specifications related to pipeline safety are “GB 50423-2013 Code for Design of Oil and
Gas Transportation Pipeline Crossing Engineering”, “API 1160 Managing System Integrity
for Hazardous Liquid Pipelines”, “B31.8S-Managing System Integrity of Gas Pipelines”,
and “PD 8010-4:2012 Pipeline Systems Steel Pipelines on Land and Subsea Pipelines.” Code
of Practice for Integrity Management” et al. And researchers have extensively investi-
gated the mechanical performance of buried gas pipelines under traffic loads. Phillips
et al. [2] established a three-dimensional finite element parametric model to simulate and
analyze the interaction between pipes and soil under combined axial and lateral loads.
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Yimsiri et al. [3] investigated the influence of lateral and longitudinal movements of a
foundation on pipe–soil interactions under deeply buried conditions. Alzabeebee [4] com-
pared the responses of buried pipelines to static and dynamic loads using finite element
numerical simulations. Anirban C. Mitra [5] used a quarter-car model. The influence of sus-
pended and non-suspended mass distribution, tire pressure, vehicle speed, leaf spring, and
damper stiffness on the dynamic load coefficient of the vehicle was preliminary analyzed
in Adams/Car. Li B [6] innovatively developed a system for testing the integrity of buried
pipelines under traffic loads, internal corrosion, and corrosion cavities and established
a multi-parameter formula through parametric analysis that can accurately predict the
maximum stress of pipelines with corrosion voids and internal corrosion. Rakitin B [7]
presented geotechnical centrifuge tests on a large reinforced concrete pipe under heavy
traffic loads, revealing the significant impact of soil cover depth and traffic load positions
on pipe bending moments, with unconservative results noted for shallow soil cover depths
and heavy traffic loads when compared to conventional design methods. Zamanian S. [8]
employed global sensitivity analysis to assess the impact of corrosion and traffic loads
on the service life of sewer pipes, revealing that concrete strength, environmental fac-
tors, and truck-related variables are the most influential sources of uncertainty over time.
Robert D. J. [9] investigated the performance monitoring of field-buried water pipes using
comprehensive field instrumentation, revealing varying strains under traffic loads and
internal water pressure and providing valuable data to enhance the prediction and main-
tenance of aging water pipelines. Wu [10] employed the ABAQUS software to simulate
and compute the stress characteristics of pipelines in soft soil foundations under traffic
loads. Wang [11] combined theoretical analysis, numerical simulations, and case studies to
assess static analysis, dynamic response, and load-reduction measures for buried pipelines.
Liao [12] used the ABAQUS finite element software to investigate the stress-strain behavior
of buried natural gas pipelines under various conditions. Zhang [1] examined the effects of
factors such as heavy vehicle mass, pipe diameter, wall thickness, and internal pressure on
the axial mechanical response of pipelines.

Research on the dynamic loads induced by vehicular movement in high-strength
buried gas pipelines is predominantly based on static assumptions. Previous studies have
often divided the entire dynamic process into multiple static phases, determined the wheel
loads of vehicles at different positions, frequencies, and magnitudes, and converted them
into equivalent static loads on the pipeline. Although static models typically approximate
dynamic loads in most scenarios, a more detailed analysis is required in special cases, such
as sudden transient loads, for example, earthquakes, explosions, and cyclic vibration loads,
to ensure safety and reliability. Therefore, by using ABAQUS and employing the VDLOAD
subroutine to simulate the load outputs as dynamic loads, this study investigated the stress
and strain in buried gas pipelines under various conditions. The effects of parameters such
as pipeline diameter, burial depth, vehicle loads, and the internal pressure of the medium
on the mechanical performance of gas pipelines were investigated. This study provides a
theoretical foundation for designing and constructing buried pipelines.

2. Finite Element Model

A VDLOAD subroutine was developed to account for the mobility of vehicle-induced
moving loads and analyze the pressure distribution between the road surface and wheels.
This subroutine defines the output parameters, encompassing the geometric characteristics
of the road surface and wheels as well as the load conditions. Based on the user-provided
parameters, it computes the magnitude and distribution of the contact forces between the
road surface and wheels. The computed results are integrated into ABAQUS as input loads
to analyze the stress and strain of the structures. The contact area between a single wheel
of the vehicle and the soil was 0.3 m × 0.24 m. The VDLOAD subroutine facilitates the
dynamic load input [13]. Dynamic implicit simulations were conducted using ABAQUS,
with an overall runtime of 0.6 s and a vehicle speed of 15 m/s, to assess the mechanical
behavior of the entire vehicle passing over the pipeline.
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2.1. Pipeline Parameters

X80-grade steel was used in this study. The material had a pipe density of 7800 kg/m3,
an elastic modulus of 210 GPa, and a Poisson’s ratio of 0.3 [14]. The selected approach
for pipeline analysis involved using the Ramberg–Osgood constitutive equation to de-
scribe the stress–strain behavior of the pipe material, as represented by the stress–strain
relationship [15,16]. This is represented by Equation (1):

ε =
σ0

E
[1 +

α

1 + υ
(

σ0

σs
)]

υ
(1)

where ε is the true strain, E is the elastic modulus (GPa), σs is the yield strength of the pipe
material (MPa), σ0 is the uniaxial tensile stress (MPa), α is the hardening coefficient, and υ
is the power hardening exponent.

The stress-strain curve of X80 steel is shown in Figure 1.
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Given that the wall thickness of a pipeline is relatively thin, typically much smaller
than the overall dimensions of the structure (approximately one-tenth of its thickness),
adopting a shell-element structure facilitates a more accurate simulation of the deformation
and stress distribution of the pipeline under loads. Shell-element structures exhibit excellent
applicability and accuracy when considering the stress conditions of thin-walled structures.

2.2. Soil Parameters

The soil was simplified using a linearly elastic model because of its simplicity and ver-
satility, which facilitate its integration with other models. The Drucker–Prager model [17]
was employed for the soil; the parameters are listed in Table 1.

Table 1. Soil parameters.

Density
(kg/m3)

Young’s Modulus
(MPa) Poisson’s Ratio Angle of Friction

(◦) Flow Stress Ratio Expansion Angle
(◦)

1780 14.4 0.4 36 1 0

During vehicle operations, the impact on the sides of the road is minimal, and the
mechanical response can be almost negligible. This is because the influence of vehicles is
primarily concentrated in the central region of the road. In the direction of vehicle motion,
the effect of the vehicle on the far distance is virtually nonexistent. The thickness of the
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underlying soil base of the road is assumed to be infinitely large and has a negligible impact
on the mechanical response of the road surface [18]. Consequently, the soil model was
constrained with four lateral displacement boundary conditions, oriented perpendicular to
the surfaces, to restrict the displacement in that direction. The bottom boundary conditions
were set as fully fixed constraints to maintain the stability of the soil model. Moreover, a
Y-direction displacement load was applied to the wheel contact surface to simulate the
effect of the vehicle on the road surface [19].

2.3. Pipe–Soil Model

The finite element model considers applied loads, such as the pressure from the wheels
to the ground, the internal pipeline pressure, and the self-weight of the soil and pipe. The
contact relationship between the pipeline surface and the soil surface was considered to
precisely simulate the interaction between the buried pipeline and the soil. In the model,
the external surface of the buried pipeline was designated as the master surface, whereas
the internal surface of the soil was identified as the slave surface. The contact relationship
between the pipe and soil was defined as a surface-to-surface interaction. In the normal
direction of the contact surface, a “hard contact” approach was employed, assuming that no
gap existed between the pipeline and soil surfaces and allowing for direct normal contact
pressure. In the tangential direction of the contact surface, a “penalty function” method
was used with a friction coefficient of 0.3 to consider the frictional interaction between the
pipe and soil.

For buried natural-gas pipelines, the vehicle load can be approximated as a distributed
surface load. The distributed load resembles the actual contact path of a tire with the ground
and is widely used in three-dimensional shallow-buried pipeline analysis models [20],
which is suitable for this study. The pressure exerted by the vehicle on the road surface
is simplified as the pressure from the tire on the contact area with the road surface and is
assumed to be uniformly distributed [21]. Numerous studies have shown that the contact
shape of a tire resembles a rectangle. The actual contact area between the tire and ground
can be approximated as a rectangular area with a tire width of 0.24 m and a contact area
length of 0.3 m. This rectangular region represents the contact area between a single tire or
a set of rear tires and the ground, with a ground pressure of 0.85 MPa.

Based on the analyses conducted using the pipeline, foundation, and pipe–soil interac-
tion models described above, a specific approach has been adopted for buried gas pipelines
that traverse roadways. This approach considers the effects of the pipe self-weight, soil
pressure on the upper part of the pipeline, the internal pressure of the transported medium,
and traffic loads on the buried pipeline. Consequently, the boundary conditions for the
foundation–pipeline system were established. The loading model is shown in Figure 2.

2.4. Failure Criteria

When subjected to traffic loads, pipelines experience a certain level of complexity,
resulting in both axial and hoop stresses within the pipeline. In the case of large-diameter,
long-distance pipelines, failure occurs when the equivalent stress in the pipeline reaches its
yield strength. Typically, the Von Mises equivalent stress calculation, which is based on
the Fourth Strength Theory, is employed to assess the pipeline’s performance under these
conditions. This is represented by Equation (2):

σMises =
1√
2

√
(σ1 − σ2)

2 + (σ1 − σ3)
2 + (σ2 − σ3)

2 = σs (2)

where σ1, σ2, σ3 are the first, second, and third principal stresses, respectively, σS is the pipe
yield stress.
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Figure 2. A model diagram of the road surface above the vehicle contact pipe.

3. Model Validation

Based on the proposed model, a finite element simulation approach was used to
analyze the axial stress on top of the pipeline when subjected to heavy vehicles overhead.
The axial stress distributed along the pipeline was obtained via simulations, as depicted
in Figure 3. By employing the same pipeline and soil data, the simulated results showed
a maximum difference of 9.67% and a minimum error of 0.36% compared with the data
in [21], resulting in an overall error within 10%. The variation in the axial stress along the
pipeline was recorded at the moment of peak circumferential stress, with the highest axial
stresses constrained at both ends of the pipeline and the lowest points corresponding to
positions directly beneath the wheels.

Processes 2023, 11, x FOR PEER REVIEW  7  of  16 
 

 

 

Figure 3. Model validation. 

In  this  study,  the mesh division employed a  standard element  library, utilizing a 

linear  geometric  order with  C3D8R  elements  to  ensure  computational  accuracy.  The 

C3D8R elements, with eight nodes, improved precision while maintaining computational 

efficiency. Localized mesh  refinement was applied  to  the pipeline area and  the  region 

under vehicle pressure to further improve the model accuracy. This refinement allowed 

for a more detailed representation of the local geometry and physical characteristics. In 

areas far from the pipeline, a larger mesh was used to balance the computational accuracy 

and time cost. Because the interaction between the pipeline and soil underwent significant 

plastic strain during the wheel-rolling process,  local refinement was applied to the soil 

and wheel contact regions. The entire pipe–soil model consisted of 219,688 elements. The 

resulting finite element model of the pipe–soil system under vehicle pressure is shown in 

Figure 4. This localized mesh refinement approach captures crucial features of the pipe–

soil interaction more accurately, improving the credibility and predictive precision of the 

model.   

 

Figure 4. Pipe–soil mesh model. 

Because  the applied forces mainly acted on  the portion of  the model under wheel 

pressure, larger meshes were employed for the mesh divisions at the edges of the model. 

Consequently,  the  total  number  of  elements  in  the  modified  model  was  58,888.  A 

comparison  between  the  simulation  results  of  the  two  distinct  mesh  configurations 

revealed that the data presented in Figure 5 differed by less than 1%. 

Figure 3. Model validation.

In this study, the mesh division employed a standard element library, utilizing a linear
geometric order with C3D8R elements to ensure computational accuracy. The C3D8R
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elements, with eight nodes, improved precision while maintaining computational efficiency.
Localized mesh refinement was applied to the pipeline area and the region under vehicle
pressure to further improve the model accuracy. This refinement allowed for a more
detailed representation of the local geometry and physical characteristics. In areas far from
the pipeline, a larger mesh was used to balance the computational accuracy and time cost.
Because the interaction between the pipeline and soil underwent significant plastic strain
during the wheel-rolling process, local refinement was applied to the soil and wheel contact
regions. The entire pipe–soil model consisted of 219,688 elements. The resulting finite
element model of the pipe–soil system under vehicle pressure is shown in Figure 4. This
localized mesh refinement approach captures crucial features of the pipe–soil interaction
more accurately, improving the credibility and predictive precision of the model.
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Because the applied forces mainly acted on the portion of the model under wheel
pressure, larger meshes were employed for the mesh divisions at the edges of the model.
Consequently, the total number of elements in the modified model was 58,888. A compari-
son between the simulation results of the two distinct mesh configurations revealed that
the data presented in Figure 5 differed by less than 1%.
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4. Analysis of Results

By considering various influencing factors, such as heavy vehicle mass, pipeline
parameters, soil properties, and operating pressure, an analysis of the mechanical behavior
of the pipeline under typical conditions was conducted. A base case with a wall thickness
of 18.5 mm, an outer diameter of 1016 mm, an internal pressure of 8 MPa, a burial depth
of 1.5 m, a heavy vehicle mass of 50 t, and a vehicle speed of 54 km/h was analyzed.
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This study investigated the effects of individual factors while simulating other influencing
factors based on the base case. Through simulations, von Mises stress contour plots of the
pipe–soil model were obtained. This facilitated the examination of the stress and strain
patterns of the buried gas pipeline subjected to vehicular loads.

For the longitudinal mechanical analysis of the pipeline, the focus was on the top
section of the pipe. The longitudinal displacement in the top section was regarded as the
actual displacement of the pipeline.

The time point at which the pipeline underwent the maximum von Mises stress was
0.42 s (Figure 5). At this time, the center of mass of the vehicle was directly above the top of
the pipeline. The stress contour plots for the pipeline before and after this time point are
shown in Figure 6. During this specific time interval, the stress above the pipeline reached
its peak value for the entire stage.
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4.1. Pipe Diameter

Standard pipe diameters were selected for the analysis: 711, 813, 1016, and 1219 mm.
The influence of heavy vehicle rolling loads on the pipeline was examined for these diame-
ters. The diameter was regarded as a variable to analyze the mechanical response of the
pipeline under heavy vehicle loads.

The axial von Mises stress distribution along the pipeline is shown in Figure 7. The
maximum von Mises stress existed at the center of the pipeline, reaching 240 MPa. This
point was above the middle axis of the wheels and not directly beneath the wheel–ground
contact point. Therefore, if a vehicle passes over a pipeline without stopping, it will not
damage the pipeline.

The diameter significantly influenced the von Mises stress in the pipeline (Figure 7).
The axial von Mises stress along the pipeline axis significantly increased with increasing
diameter. Under different diameter conditions, the vertical displacement of the pipeline
exhibited similar scale characteristics, following a parabolic pattern. Typically, the mid-
point of a pipeline experiences the highest displacement. As the diameter increased, the
magnitude of the displacement decreased gradually.

By keeping other conditions constant, the maximum von Mises stress in the pipeline
increased from 149.59 to 169.06 MPa when the outer diameter increased from 711 to 813 mm,
indicating an increase of 13.02%. Similarly, as the outer diameter increased from 813 to
1016 mm, the maximum von Mises stress increased from 169.06 to 206.67 MPa, representing
an increase of 22.25%. As the outer diameter increased from 1016 to 1219 mm, the maximum
von Mises stress increased from 206.67 to 243.78 MPa, indicating an increase of 17.96%.

This analysis reveals that under identical vehicle conditions, a larger pipeline diameter
results in a higher von Mises stress in the pipeline. However, the resulting deformation
displacement in the pipeline decreased accordingly, implying a reduced influence of the
vehicular load on the pipeline.
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With an increase in the diameter, the overall stiffness of the pipeline increased. Under
the same applied load, this increased stiffness implies an improved capacity to resist
deformations. Consequently, the displacement of the pipeline decreased, consistent with the
theoretical results. In practice, pipelines with large outer diameters are reinforced beneath,
either by increasing the wall thickness of the pipeline or by incorporating reinforcing
structures around the pipeline. These measures can enhance the load-bearing capacity of
the pipeline and mitigate the impact of vehicles.

4.2. Pipe Depth

The burial depth of a pipeline is a critical factor that influences its mechanical defor-
mation under loads. Different burial depths were selected as variables (1, 1.5, 2, and 2.5 m)
to simulate the pipeline under various conditions.

Under different burial depths, the axial von Mises stress distribution along the pipeline
showed a similar pattern (Figure 8). With increasing burial depth, the overburden load
increased, whereas the stress generated by the vehicle load decreased. This combined effect
leads to an overall decreasing trend in the von Mises stress of the pipeline. By keeping
other conditions constant, the maximum von Mises stress in the pipeline increased from
203.45 to 206.67 MPa when the burial depth increased from 1.0 to 1.5 m, indicating an
increase of 1.58%. Similarly, as the burial depth increased from 1.5 to 2.0 m, the maximum
von Mises stress increased from 206.67 to 208.10 MPa, signifying an increase of 0.69%. With
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an increase in the burial depth from 2.0 to 2.5 m, the maximum von Mises stress increased
from 208.10 to 209.08 MPa, resulting in an increase of 0.47%.
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The analysis revealed that the maximum axial von Mises stress in the pipeline occurred
at its center because the pipeline ends were regarded as free constraints, leading to increased
stress concentration at the center. As the burial depth increased, the von Mises stress at the
top of the pipeline increased gradually. However, the stress gradient in the longitudinal
direction of the pipeline diminished, indicating an enhanced interaction between the
pipeline and soil with increasing burial depth, which resulted in a more uniform stress
distribution. With an increase in the burial depth, the restraining effect of the soil on the
pipeline increased. Compared with shallow-buried pipes, the force is more uniform.

As the burial depth increased, the pipeline stress induced by heavy vehicle rolling
tended to stabilize with decreased fluctuations. A greater burial depth corresponded to
a higher von Mises stress at the ends of the pipeline. This is attributed to the increased
friction between the pipeline and soil, which effectively dispersed and transmitted the
load induced by heavy vehicle traffic. The smaller the burial depth, the more obvious
the influence of the pipeline by the ground traffic load; the von Mises stress difference
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between the center and the two ends of the pipe section decreases, but the overall von
Mises stress increases.

Practical burial depths for pipelines should be selected judiciously, considering the
interaction between the soil and pipeline, to ensure stable stress distribution and structural
integrity under heavy vehicle loads. Excessive burial depths can lead to increased installa-
tion costs, and overlying soil loads may result in excessive stress and the potential risk of
structural failure.

4.3. Wheel Pressure Effects

Different vehicle weights resulted in varying tire pressures on the ground. For example,
a 60 ton vehicle exerts a tire pressure of approximately 0.85 MPa on the ground. The impact
of heavy vehicle loads can be indirectly reflected by altering the magnitude of the tire
pressure. By keeping all other parameters constant, the influence of tire pressures of 0.7,
0.85, 1, and 1.15 MPa on the pipeline was investigated. The displacements and von Mises
stresses in the pipeline for different vehicle weights are shown in Figure 9.
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As the vehicle weight increased, the maximum stress in the pipeline increased, re-
sulting in a more pronounced impact on the pipeline (Figure 9). However, the stresses
at both ends of the pipeline remained almost unchanged, with the displacement mainly
concentrated at the central point, where the pipeline was subjected to the most significant
forces. By keeping other conditions constant, the maximum von Mises stress in the pipeline
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increased from 205.42 to 206.47 MPa, indicating an increase of approximately 0.51%. Sim-
ilarly, when the tire pressure increased from 0.85 to 1.00 MPa, the maximum von Mises
stress increased from 206.47 to 207.49 MPa, representing an increase of approximately
0.49%. Furthermore, as the tire pressure increased from 1.00 to 1.15 MPa, the maximum
von Mises stress in the pipeline increased from 207.49 to 208.57 MPa, showing an increase
of approximately 0.52%. For every incremental rise (0.15 MPa) in the load per tire, the
maximum von Mises stress in the pipeline increased by approximately 0.5%.

When the magnitude of the vehicle load changed, the stress on the pipeline underwent
corresponding variations, mainly exhibited as changes in the peak stress values rather than
alterations in the waveform. In practical applications, casings or protective measures are
introduced to mitigate the risk of damage caused by rolling loads.

4.4. Internal Pressure in Pipelines

By keeping other parameters constant, the internal pressure of the conveyed medium
was varied, with values of 4, 6, 8, and 10 MPa.

Similar to the results obtained for variations in the pipe diameter under different
internal pressures, the pipeline stress increased with increasing internal pressure (Figure 10).
The von Mises stress induced by vehicle rolling resulted in elevated stress levels within the
pipeline as the vehicle approached it.
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With other conditions remaining constant, the maximum von Mises stress in the
pipeline increased from 114.08 to 159.94 MPa when the internal pressure of the pipeline
increased from 4 to 6 MPa, which is an increase of approximately 40.20%. Similarly, as the
internal pressure increased from 6 to 8 MPa, the maximum von Mises stress in the pipeline
increased from 159.94 to 206.67 MPa, showing an increase of approximately 29.22%. Finally,
as the internal pressure increased from 8 to 10 MPa, the maximum von Mises stress in the
pipeline increased from 206.67 to 253.95 MPa, an increase of approximately 22.88%.

Based on the analysis, under identical conditions, the maximum von Mises stress
induced by vehicle rolling decreased as the internal pressure of the pipeline increased.
However, this decrease was significantly less than the increase in the Mises stress generated
by the internal pressure of the pipeline. Pipelines with high internal pressures exhibit
significant resistance to the effects of vehicle rolling loads. Across the different internal
pressure scenarios, the distribution pattern of the maximum stress induced by heavy vehicle
rolling remained consistent along the length of the pipeline. The effect of internal pressure
on the stress distribution pattern within the pipeline was minimal.

5. Conclusions

In this study, a finite element model of buried pipelines under vehicle rolling loads was
established, considering the comprehensive effects of pipe–soil interactions and reflecting
the mechanical response characteristics of pipelines under heavy loads. The model precisely
accounted for the interaction between the pipeline and the surrounding soil and quantita-
tively described essential parameters, such as stress, displacement, and deformation, under
vehicle rolling loads. Mechanical analyses were conducted based on four aspects: pipeline
outer diameter, pipeline burial depth, internal pressure, and traffic load. The following
conclusions were drawn:

Heavy vehicles passing over the pipeline caused the deformation of the buried pipeline.
As vehicles traversed buried gas pipelines, the von Mises stress experienced by the pipeline
increased with increasing diameter, internal pressure, and vehicle self-weight but decreased
with increasing burial depth.

This study revealed that the primary loads on the pipeline when vehicles pass over it
are the internal pressure and overburden loads. The additional stress imposed by vehicle
loads on the X80 gas pipeline did not exceed 10 MPa. Under normal conditions, the X80
buried gas pipeline underwent deformation when subjected to vehicle rolling, with the
maximum deformation occurring along the central axis of the vehicle. Altering various
parameters yielded a maximum deformation of 13 mm. The buried X80 gas pipeline was not
prone to damage from brief heavy vehicle rolling loads. In practical scenarios, considering
the long-term operation of a pipeline, reinforcement measures can be provided beneath
the pipeline to enhance its load-bearing capacity. Alternatively, buffer zones around the
pipeline, such as flexible materials or filling with sand, can help alleviate the pressure
from vehicle loads and reduce the risk of pipeline deformation owing to rolling. For large
vehicles intermittently applying heavy rolling loads to pipelines in frequently traveled
road sections, future research should investigate the effect of dynamic road vehicle loads
on pipeline fatigue failure and its applicability.
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