
Stress Analysis of the Effect of
Additional Load on the Butt Weld of
Suspended Pipeline With Variable Wall
Thickness
Fang Yingchao1, Yu Dongliang1, Wang Binbin1*, Xu Jian2, Xuan Heng1, Hou Hao1 and
Wang lin2

1Southwest Pipe Company of Pipe China, Chengdu, China, 2School of Mechatronic Engineering, Southwest Petroleum
University, Chengdu, China

Under the special geological environment of the buried pipe, the ground is lost at the
bottom of the pipe, which is created by various kinds of external factors. The pipe in the
suspended state would be greatly deformed due to its own weight, internal pressure, and
other factors, resulting in the failure of the pipeline. When a variable wall thickness weld
occurs in the suspended section of the pipeline, the change of the pipeline stress will be
more complicated and changeable. In this study, ABAQUS software is used to establish a
pipe–soil model of variable wall thickness butt welds of suspended pipelines. The axial
stress distribution with different affected factors in the pipe, the change of curvature, and
Mises stress change of the entire pipe along the axial direction are obtained by analyzing
the internal pressure, wall thickness ratio, suspended length, weld position, and cone
length. The results show that the stress at the root of the weld changes significantly;
therefore, the weld has a greater impact on the stress of the entire pipeline. The change of
internal pressure has little effect on the stress at the pipe weld. As the suspended length
increases, the change in stress at the weld is more obvious. When the weld seam is close
to the soil, the support of the soil will gradually shift the maximum stress position of the pipe
from the top of the pipe to the bottom of the pipe. With the increase in cone length, it will
reduce the sudden change of pipe section and the change in stress effectively. The places
where the curvature greatly changes along the axial direction are at the pipe–soil
separation and the middle of the pipeline, while the stress reaches the maximum at
the pipe–soil separation, and the place with the largest stress change is the weld in the
middle of the pipeline.
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Abbreviations: A, cross-sectional area of the pipe; D, pipe diameter; F, axial fore on the pipe; K, curvature; Kt, stress con-
centration factor; M, bending moment of the pipe; P, internal pressure; U, vertical displacement of the pipeline; W, bending
section coefficient; e, cone length of weld seam; t, wall thickness; t1, thickness of small diameter pipe; t2, thickness of large
diameter pipe; v, Poisson ratio; σt, axial stress of the pipe; σhot, hot spot stress; σnom, nominal stress; δt, axis deviation value
caused by the wall thickness transition; δm, pipe offset value.
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INTRODUCTION

As the main transportation method of oil and natural gas,
pipelines play an indispensable role in the petroleum industry.
Mountains and hills occupy 1/3 of the total land area in China.
The completed pipeline inevitably crosses various complex
terrain conditions. Many pipelines are laid in areas with
special geology or frequently washed by rain, so the pipelines
are very sensitive to ground deformation. The soil loss will make
buried pipelines suspended. Under the influence of external loads
such as gravity and pipe–soil interaction, the pipeline will
produce large deformation and stress concentration because of
the large span of suspension (Nishida, 1967; Li et al., 2011; Ma
et al., 2012; Terán et al., 2013; Dabiri et al., 2017; Zhu et al., 2017;
Wang et al., 2018). The geological loads will cause large
displacement, creep, and buckling and even cause the pipeline
to rupture due to large deformation and cause pipeline leakage. In
some special geological environments, the variable wall thickness
often generates due to actual needs and economic aspects, and
different wall thicknesses inevitably involve welding between
pipelines. In the process of pipe production, pipe butt welds
are usually made outside, although after welding, grinding and
other operations are carried out to reduce stress concentration.
However, due to the existence of variable wall thickness and
sudden changes in the cross section, there will still be stress
concentration and stress increase at the joints. The butt weld is
the key part of fatigue. Fatigue cracking may occur at the root or
toe of the weld (Lotsberg, 2009), thereby shortening the service
life of the pipeline (Guo et al., 2019a; Guo et al., 2019b; Li et al.,
2021) and affecting the reliability of the pipeline (Yuan et al.,
2016; Yuan and Li, 2016; Yuan et al., 2018; Yuan et al., 2019).

Zhu et al. (2021) studied the response characteristics and
mechanism of weld during deformation. Lotsberg (2009)
proposed a more detailed formula for evaluating the stress
concentration factor in the tube-packed structural parts based
on the classical shell theory. Midawi et al. (2020) used indentation
technology and DIC technology to measure the anisotropic
behavior of weld metal yield strength, highlighting the
importance of developing new technologies to characterize the
local characteristics of welded structures. Liu et al. (2021) used
Marc finite element software for numerical simulation, used the
magnetic method for stress test, and obtained the stress
distribution law of pipeline welding parts. There was large
tensile stress near the welding area, which was easy to fracture
and led to structural damage.

In practical engineering applications, it is difficult to measure
stress at the weld due to the complex changes in stress (Dabiri
et al., 2017). In this study, the finite element analysis method is
used to analyze the axial stress of the variable wall thickness butt
weld of the suspended pipeline. The axial stress of the pipeline is
mainly generated by the internal pressure of the pipeline,
followed by the force and moment generated by the dead
weight and thermal expansion of the pipeline, or the force or
moment generated by other forms of load (Z, 2009).

σ t � P(D − t)
2t

+ M

W
+ F

A
. (1)

Among them, σ t is the axial stress of the pipe, MPa; M is the
bending moment of the pipe, Nm; W is the bending section
coefficient, mm3; F is the axial force on the pipe, N; and A is the
cross-sectional area of the pipe, mm2.

When the pipeline is suspended, the pipeline always has
certain bending due to the influence of external loads. The
bending degree of the pipeline can be described by the
curvature of the pipeline in the suspended state. The
relationship between the curvature and the bending degree is
described (Jian, 2015) as follows:

K � U″

(1 + U′2)3 /2, (2)

where K is the curvature (the positive and negative values of K
represent the bending direction of the pipeline. The upward
bending is positive, and the downward bending is negative)
and U is the vertical displacement of the pipeline.

For the stress concentration factor, the ratio of the hot spot
stress to the nominal stress is defined as the stress concentration
factor, which can generally reflect the local stress status of the
pipeline with the same stress. According to a large number of
pipeline failure accidents, it indicates that the possibility of cracks
increases greatly in areas with large stress or stress concentration
factors. From the point of mechanics, the greater the stress, the
higher will be the degree of stress concentration, and the
probability of pipeline failure will increase. For the suspended
pipeline with a variable wall thickness butt weld, the weld is the
weakest part of the pipeline, so it is necessary to analyze the local
position of the weld. On the basis of the classical shell theory,
Lotsberg proposed a more detailed evaluation formula for the
stress corrosion of tubular structures. The influence of
manufacturing tolerance, thickness transition, and annular
parts on the stress corrosion was verified by comparing with
the finite element analysis results (Jian, 2015).

The suspended pipe with weld is studied in this work, which is
a lack of research on suspended pipeline. The stress state of the
variable wall thickness butt weld is studied by establishing the
model of the variable wall thickness butt weld of suspended
pipeline under self-weight and internal pressure load. The stress
values are acquired by analyzing the internal pressure, wall
thickness ratio, suspension length, weld position, weld cone
length, and different curvatures, which are used to reflect the
reliability of the variable wall thickness butt weld of suspended
pipeline during operation. According to the change of stress,
relevantly constructive suggestions are put forward for pipeline
operation, which is of certain value for the safety evaluation of oil
and gas pipelines.

NUMERICAL MODEL

Model Assumption
The suspended pipelines are located in a complicate and changing
external environment, in order to ensure the pertinence of the
simulationmodel, and the single-factor analysis is adopted. At the
same time, in order to ensure the accuracy of the results and the
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speed of calculation, the simplified assumptions are made in the
model as follows:

(1) The base metal and welding material are ideally
elastic–plastic materials, with equal intensity matching and
no weld defects.

(2) Considering only internal pressure and self-weight load, the
factors such as temperature, covering soil, fluid, and their
influence with load are ignored.

(3) The pipeline is a straight pipe section and laid horizontally
without difference of elevation in the vertical. The
surrounding soil is isotropic and saturated.

(4) An ideal weld has variable wall thickness with a regular and
uniform butt weld.

The finite element method is carried out by ABAQUS
software, which has good ability to analyze non-linear
problem. The butt weld model of the suspended pipeline with
variable wall thickness is established by considering the non-

linear coupling between the pipe and soil, and the large
deformation of the pipe and soil.

Parameter Settings
Taking X80 pipeline steel, which is most commonly used in oil
and gas pipelines as the research object, the relevant parameters
are listed in Table 1:

Mechanical properties of X80 pipeline steel were tested by
using a universal testing machine, and the test was carried out
according to Gao and Liang (2012). Tensile tests were carried out
by a microcomputer-controlled universal testing machine to
obtain stress–strain curves, as shown in Figure 1. One of the
typical stress–strain data is selected as the constitutive relation of
X80 pipeline steel, and the data are extracted. The
Mohr–Coulomb model is adopted in the soil model, and the
relevant parameters are listed in Table 3 (Jian, 2015).

Finite Element Model
In this study, the welding seam of the China–Myanmar natural
gas pipeline is mainly V-type, double-sided, and butted groove,

TABLE 1 | Pipe parameters.

Piping classification X80 Diameter D/mm 1016

Density ρ/(kg/m3) 7800 Elasticity modulus E/MPa 2.1×105
Poisson’s ration v 0.3 Operating pressure P/MPa 7.2
Yield strength σs/MPa 570 Tensile strength σb/MPa 645

TABLE 2 | Plastic stress and strain.

Stress MPa 570 595.494 601.311 607.14 613.013

Plastic strain % 0 0.06333 0.11053 0.23641 0.62976
Stress MPa 617.426 621.848 629.173 636.513 645
Plastic strain % 0.97592 1.38501 1.77836 2.26613 2.90992

FIGURE 1 | Stress–strain curve.

TABLE 3 | Soil parameters.

Model type Mohr–coulomb Density ρ/(kg/m3) 1400

Poisson’s ration ν 0.44 Elasticity modulus E/MPa 33
Cohesive force c/KPa 24.6 Internal friction angle φ/° 11.7

TABLE 4 | Model verification.

Wall ratio 1.1 1.2 1.3 1.4

Kt -Lotsberg 1.21 1.30 1.38 1.45
Kt-Finite element 1.13 1.23 1.32 1.41
Error/% 5.8 5.4 4.3 2.8

TABLE 5 | Grid independence verification.

Type Grid quantity Mises stress/MPa Error/%

Mesh 1 93304 203.123 1.88
Mesh 2 160934 207.019 0
Mesh 3 194204 207.201 0.088

FIGURE 2 | Weld geometry model.
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and the weld cross section is shown in Figure 2. The groove size
can be found in Reference GB/T 985.2-2008, GB 50236-2011, GB
50251-2015, and other relevant standards.

Among them, t1 and t2 are the thickness of the thin wall and
thick wall, mm; α is the slope angle, 60°; b is the root gap, 3 mm; c
is the thickness of the blunt edge, 3 mm; h is the weld residual
height, 2 mm; β is the cutting angle (wall thickness transition
angle), 60°; and w is the weld width of cover.

Considering the complexity of the weld grid, the field welding
process, and other factors, the geometric model of the weld is
appropriately simplified, at the same time, not considering the
weld width of cover and residual height of weld root (It is
supposed a linear transition).

The model of the suspended pipeline with a variable wall
thickness butt weld is established on the basis of the
aforementioned material parameters. The buried depth of the
pipeline is 2.5 m. The initial weld is set in the middle of the
suspended pipeline, and the soil length is 1/2 of the suspended
length of the pipeline. The contact friction between the soil and
pipe is penalty function, the normal friction coefficient is 0.5, and
the tangential property is hard contact. The cross sections of both
ends of the pipeline are symmetrical constraint along the normal
direction. Symmetrical constraint along the normal direction is
adopted for the side of the soil. The end face and undersurface of
the soil are completely constrained, and the upper surface of the
soil is completely free. Gravity load is applied to the whole
pipe–soil model, and internal pressure load is applied to the
pipe. The whole model is meshed by a hexahedral structure.
Because the stress changes greatly at the weld of the pipeline, the
mesh is encrypted by using the distributional method of single
precision at the weld; besides, the part of soil close to the pipe–soil
coupling is also encrypted. In order to improve the calculative
efficiency, a 1/2 symmetric pipe–soil model is established for
calculation. Figure 3 shows the boundary conditions of the
pipe–soil model. Figure 4 shows the overall pipe-soil model.

Model Verification
The feasibility verification of the model is usually carried out by
comparing the experimental analysis with the theoretical results.
For the model of the suspended pipeline with weld, due to the
difficulty and cost of the experiment, the experimental data are

scarce. Therefore, the feasibility of the model will be verified by
comparing the theory with the finite element method.

In the calculation of the finite element, the ratio of hot spot
stress to nominal stress is commonly used to define the stress
concentration factor in engineering, as shown in the following
formula (Wang et al., 2020):

Kt � σhot

σnom
. (3)

Among them, Kt is the stress concentration factor; σhot is the
hot spot stress, MPa, that is, the maximum stress of the dangerous
section around the weld; and σnom is the nominal stress, MPa, that
is, mean stress at the root of the weld.

In the early engineering practice, the reference to the empirical
formula was mainly the formula proposed by Jian (2015):

Kt � 1 + 2.6(δt + δm)
t1[1 + 0.7(t2/t1)1.4]. (4)

Among them, t1 is the thickness of the thin wall, mm; t2 is the
thickness of the thick wall, mm; δt is the axis deviation value
caused by the wall thickness transition, δt � (t2 − t1)/2, mm; and
δm is the pipe offset value; this article only has the factor about
variable wall thickness, δm � 0, mm.

Afterward, Lotsberg deduced the stress concentration factor of
weld under externally axial force by the shell theory, and the
formulas have been modified by Lotsberg. The formulas are as
follows (Lotsberg, 2009):

Kt � 1 + 2 − ]
c

�����
3

1 − v2

√ (1 − t1
t2
) + 3(t2 − t1)

t1

1

1 + (t2/t1)2.5 e−α
(5)

α � 1.82e��������(D − t1)t1
√ 1

1 + (t2/t1)2.5 (6)

c � 2(t2.51 + t2.52 )
t2.52 − t0.52 t21

(1 + (t1
t2
)1.5) + (t1

t2
)2

− 1. (7)

Among them, ] is Poisson ratio and e is the cone length of
weld seam.

The results are shown inTable 4, comparing the results of stress by
using the finite element method with the results of stress by using the
empirical formula, as well as comparing the stress concentration
coefficient with different wall thickness ratios, show that the
maximum error is 5.8% and the error rate is small, which can
ensure the accuracy of the analysis, and the pipe–soil model is feasible.

Grid Independence Validation
The purpose of mesh independence verification is to verify the
influence of the analytical results by using the finite element
method with different mesh densities. Three different mesh
densities are established, and the stress extracted from the
weld root is compared with each other. The results are shown
in Table 5, from the analysis of the comparative results, when
dividing the grid with the density of mesh 1, the rate of error is
large. (The rate of error is calculated based on the size of grid 2).
When the grid reaches more than 100,000 level, the increase

FIGURE 3 | Pipe–soil boundary conditions model.
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density of grid has little effect on the stress analysis. Therefore, the
density of grid 2 is used to divide the model.

RESULTS AND DISCUSSION

Through the analysis of the variable wall thickness butt weld
model of the suspended pipeline, the values of axial stress are
extracted from the weld root anticlockwise along the top of the
pipeline to obtain the law of stress of the variable wall thickness
butt weld model of the suspended pipeline.

Internal Pressure Effects
When analyzing the influence of internal pressure on the variable
wall thickness butt weld of the suspended pipeline, the wall
thickness ratio is t2/t1 � 1.2, the buried depth is 2.5 m, the
suspended length of pipeline is 20D, and the soil length is
10D.The local stress nephogram is obtained from the bottom
of the pipeline (Figure 5), which shows that the stress at the weld
root of the pipeline is significantly greater than other parts at the
bottom of the pipeline, due to the influence of the dual load of
pipeline self-weight and internal pressure. The wall thickness of
the conical part and the top of the weld has the tendency to

change, and the stress is relatively small due to insufficient stress.
The influence of internal pressure on axial stress of the weld with
variable wall thickness is shown in Figure 6.

As can be seen from Figure 6, when the internal pressure
increases from 6 to 9 MPa, the axial stress at the weld root
increases gradually. When the internal pressure increases from
6 to 7 MPa, the stress increases about 17%. When the internal
pressure increases from 7 to 8 MPa and then 8 to 9 MPa, the stress
increases about 15 and 13%, respectively. Furthermore, under the
same internal pressure, the difference of stress between the top
and bottom of the pipeline is about 31 MPa.

Wall Thickness Ratio Effects
When analyzing the influence of the wall thickness ratio on
variable wall thickness butt weld of the suspended pipeline,
the operating pressure is 7.2 MPa, the buried depth is 2.5 m,
the suspended length of pipeline is 20D, and the soil length is 10D.
It can be seen from the local stress nephogram at the bottom of
the pipeline (Figure 7), the stress is red, and the largest value is at
the weld root. However, in the transition section of tapered wall
thickness, the stress is blue.With the increase in the wall thickness
ratio, the blue area of stress is also increasing in the conical
transition section, and the stress difference between the welding
root and the other parts is larger.

The stress law is analyzed by changing different wall thickness
ratios, as shown in Figure 8. When the wall thickness ratio
increases from 1.1 to 1.4, the axial stress at the weld root tends to
increase. When the wall thickness ratio increases from 1.1 to 1.2,
the stress increases by 26%. When the wall thickness ratio
increases from 1.2 to 1.3, the stress increases by 19%. When
the wall thickness ratio increases from 1.3 to 1.4, the stress
increases by 28 %. It indicates that the influence of the wall
thickness ratio on pipeline stress cannot be ignored. At the same
time, when the wall thickness ratio is increasing, the difference
between the inner wall of the thin-walled pipeline and the thick-
walled pipeline is also increasing, which will lead to the greater
stress at the weld root and the more obvious stress concentration.

FIGURE 4 | Pipe–soil model.

FIGURE 5 | Stress nephogram influenced by internal pressure.

FIGURE 6 | Internal pressure effects.
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Suspension Length Effects
When analyzing the influence of suspended length on the variable
wall thickness butt weld of suspended pipeline, the operating
pressure is 7.2 MPa, the buried depth is 2.5 m, the wall thickness
ratio is 1.2, and the soil length is 1/2 times the length of suspended
length. It can be seen from the local stress nephogram at the
bottom of the pipeline that the maximum stress is at the junction
of the welding root and the thick wall pipeline (Figure 9). With
the increase in suspended length, the stress in the thin-walled pipe
section increases gradually. Meanwhile, the stress at the
transitional part of the cone is also gradually increasing. It
indicates that with the increase in the suspended length, the
deformation of the pipeline is increasing, and the stress will
concentrate to the weakest part of the pipeline, and the stress of
floating is more obvious at the changeable part of the pipe
diameter.

Analyzing the stress law by changing the lengths of the
suspended pipeline (20D, 40D, 60D, 80D) is shown in
Figure 10. When the suspended length increases from 20D to
80D, the longer the suspended length of the pipeline, the greater is
the stress variation amplitude at the top and bottom of the
pipeline. When the suspended length is 20D, the stress
difference between the top and bottom of the pipe at the
welding root is about 31.27 MPa. When the suspended length
is 40D, the stress difference between the top and bottom of the
pipe at the welding root is about 93.03 MPa. When the suspended
length is 60D, the stress difference between the top and bottom of
the pipe at the welding root is about 216.33 MPa. When the
suspended length is 80D, the stress difference between the top and
bottom of the pipe at the welding root is about 382.96 MPa. It
indicates that the longer the suspension, the more obvious is the
gap of stress. As a result of the pipeline in a suspended state, the
influence of gravity on the pipeline, the longer the suspended
length, the greater will be the weight of the pipeline, and the
deformation of the pipeline about bending and stretching will
also increase. Nevertheless, at the top of the pipe, the tensile force
of the weld with variable wall thickness decreases with the
increase in the suspended length, so the stress at the weld root
at the top of the pipe will gradually decrease. At the bottom of the
pipeline, due to the dual load of gravity and tension, the stress of

the weld with variable wall thickness changes greatly, and the
degree of stress concentration will be more obvious, which will
increase with the increase in the suspended length.

Weld Position Effects
When analyzing the influence in the weld position on variable
wall thickness butt welds of suspended pipelines, the operating
pressure is found to be 7.2 MPa, the buried depth 2.5 m, the wall
thickness ratio 1.2, the suspended length 40D, and the soil length
20D. From the stress nephogram at the top and bottom of the
pipeline (Figure 11), it can be seen that the stress at the top of the
pipeline decreases with the gradual transfer of the weld to the
middle of the suspended pipeline, and the blue stress area
increases significantly. At the same time, the stress at the weld
root at the top of the pipeline changes from red to blue. At the
bottom of the pipeline, the stress at the change of weld root and
wall thickness is red, and the red area is also gradually widened,
which belongs to the most vulnerable part of the pipeline. At the
same time, the stress at the top of the weld increases with the right
shift of the weld position.

The stress law is analyzed by changing different welding
positions (1/8L, 2/8L, 3/8L, and 4/8L), as shown in Figure 12.
When the position of the pipeline weld moves from 1/8L to 4/8L,
the farther the weld is away from the soil, the greater is the stress
at the root of pipeline butt weld. When the welding position is at
1/8L, the stress difference between the top and bottom of the pipe
at the weld root is about 17.36 MPa. When the weld position is at
2/8L, the stress difference between the top and bottom of the pipe
at the weld root is about 46.96 MPa. When the weld position is at
3/8L, the stress difference between the top and bottom of the pipe
at the weld root is about 83.31 MPa. When the weld position is at
4/8L, the stress difference between the top and bottom of the pipe
at the weld root is about 92.32 MPa. It can be found from the
stress diagram that when the weld seam is located at 1/8L, the
stress at the weld root at the top of the pipeline is greater than that
at the bottom of the pipeline. This is because at 1/8L, the pipe is

FIGURE 7 | Stress nephogram influenced by wall thickness ratio.

FIGURE 8 | Wall thickness ratio effects.
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close to the soil, the interaction between the pipe and the soil will
have an impact on the stress of the pipeline. At this time, the stress
change at the top of the pipe is larger than that at the bottom of
the pipe. But when the weld position moves to the middle of the
suspended pipeline as the position of the weld is farther and

farther from the soil, the influence of the interaction between the
pipe and the soil is gradually reduced, the position where the
stress changes greatly return to the bottom of the pipe.

Weld Conical Surface Length Effects
When analyzing the influence of weld cone length on variable
wall thickness butt weld of the suspended pipeline, the operating
pressure is 7.2 MPa, the buried depth is 2.5 m, the wall thickness
ratio is 1.2, the suspended length is 20D, and the soil length is
10D. It can be seen from the stress nephogram from the bottom of
the pipeline that the stress gradient changes more and more
evenly at the weld root (Figure 13), and the area with larger stress
is gradually decreasing. The stress law is analyzed by changing the
length of the weld cone (3.5, 4, 5, 6 mm), as shown in Figure 14.
When the cone length increases from 3.5 to 6 mm, the stress at the
weld root also decreases. When the cone length increases from 3.5
to 4 mm, the stress decreases by 0.16%. When the cone length
increases from 4 to 6 mm, the stress decreases by 0.57%. When
the cone length increases from 5 to 6 mm, the stress decreases by

FIGURE 9 | Stress nephogram influenced by suspension length.

FIGURE 10 | Suspension length effects.

FIGURE 11 | Stress nephogram influenced by weld position.

FIGURE 12 | Weld position effects.
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1.13%. The influence of the cone length on the stress at the weld
root decreases with the increase in the cone length because the
degree of mutation will be reduced by increasing the cone length
at the weld root at the inner wall of the pipe, and the cross-
sectional stress distribution is more uniform.

Pipeline Curvature Analysis
The model used to analyze the curvature is a suspended pipeline
about 60 m in length. Through finite element analysis, it can
be seen that the pipeline has been deformed significantly
(Figure 15). Extracting the vertical displacement of each
node at the bottom of the whole pipeline and calculating
the curvature (Figure 16, where Fig. (A) and Fig. (B) are local
graphs of points a and b). It can be seen that the curvature
variation of point A and point B at the separation of pipeline
and soil is obvious, where the curvature of point A is 0.001
and that of point B is 0.0009. The position with the largest
curvature is the middle of the pipeline weld, and the
curvature is 0.05987. Under the action of self-weight and
internal pressure, the suspended part of the pipeline lacks the
support of soil to the pipeline, which can only rely on the

pipeline’s own ability to resist deformation. At both ends of
the pipeline, due to the support of soil, the deformation of the
pipeline is small, the curvature is relatively small, and the
curvature variation in the rest are not obvious. The left side of
the pipeline is a thin-walled pipe because its ability to resist
deformation is less than the thick-walled pipe on the right
side, resulting in a greater curvature at point A than at
point B.

As can be seen from Figure 17, in the pipe–soil separation
part, the stress value at point A of the left thin-walled pipe
section is 243 MPa, and the stress value at point B of the right
thick-walled pipe section is 206 MPa. In the middle of the
pipe, due to the existence of weld, the stress change of the pipe
is greatly reduced from 202 to 155 MPa. For the Mises stress
of the pipeline, the thin-walled pipe section has a large
deformation due to its poor ability to resist deformation,
and the stress of the whole thin-walled pipe section is larger
than that of the thick-walled pipe section. The position with
the largest curvature is not the position with the largest stress,
and the position with the largest stress is not the position with
the largest curvature. Only when the stress value changes
greatly, the position with larger curvature changes.

Through the analysis of various influencing factors, it can be
known that the key factor is the suspended length. When the
suspended length exceeds 60D, the increase in the stress value in
the middle of the pipeline will gradually increase, so 60D is
regarded as the critical value of suspension. In terms of internal
pressure, the increase in internal pressure will elongate the pipe
along the axial direction, and the axial stress will increase. In
reference to the wall thickness ratio, the change in the wall
thickness ratio affects the inner diameter at both ends of the
weld. A larger wall thickness ratio makes the transition cone at
both ends of the weld steeper and the stress concentration at the
weld root more obvious. The suspended length will affect the
dead weight of the pipeline; a larger suspended length will make
the middle part of the pipeline bend gradually under the action of
the dead weight, while the capacity of the soil at both ends to
share the gravity of the pipeline does not increase. The larger
suspended length of the pipeline will increase the deformation of
the pipeline and the axial stress in the middle of the pipeline. In
terms of the weld position factor, the change in the weld position
affects the supporting effect of soil on the pipeline. The closer the

FIGURE 13 | Stress nephogram influenced by weld conical surface length.

FIGURE 14 | Weld conical surface length effects.
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weld is to the soil, the stronger willbe the supporting effect of soil,
and the smaller will be the axial stress of the pipeline. As far as
the weld cone length factor is concerned, the change in the
weld cone length affects the transition between large and
small pipe diameters. On the premise that the wall thickness
ratio remains unchanged, the longer the cone length is, the
gentler will be the wall thickness transition, and the axial

stress will not increase sharply due to the sudden change of
wall thickness.

CONCLUSION

The main studies of the work are about the influence of internal
pressure, wall thickness ratio, suspended length, weld position,
and cone length on the axial stress of the variable wall thickness
butt weld of suspended pipeline and the analysis of curvature and
stress at the weld root. Through the analysis of the finite element
results, the following conclusions can be drawn as follows:

• The influence of single change in internal pressure on weld
stress is smaller than the other four factors.

• The influence of the wall thickness ratio on the stress at the
weld seam gradually increases with the increase in the wall
thickness ratio. The larger the wall thickness ratio, the
greater the difference between the inner diameters of the
pipes at both ends, and the greater the stress change at the
weld joint. Therefore, for variable wall thickness–welded
pipelines, a small wall thickness ratio should be selected to
increase the reliability of pipeline operation.

• The increase in the suspended length will significantly
change the stress at the weld root, and the stress

FIGURE 15 | Pipeline deformation diagram.

FIGURE 16 |Deflection and curvature diagram, where Figure (a) and Figure (b) are local graphs of points A and B. Point A is the junction of thin-walled pipe and soil.
Point B is the junction of thick-walled pipe section and soil.

FIGURE 17 | Curvature and strain diagram.
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difference between the top and bottom of the pipeline will
also gradually increase. In a large suspended state, the
probability of failure at the bottom of the pipeline is the
largest. In practical engineering applications, large
suspended pipeline should be avoided.

• When the weld position is close to the soil, the soil can give a
larger supporting force to the suspended pipeline, so the stress at
the weld will be smaller than the weld position far from the soil.

• With the increase in the cone length, the stress gradient at
the welding root is more uniform, and the stress decreases.
Increasing the cone length is conducive to reducing the cross-
sectional mutation and sharing the stress change. When the
pipeline is welded, maintaining a large cone length can reduce
the failure rate of the pipeline during operation.

• When the pipeline is suspended, the curvature at the
separation of the pipeline and the soil is increasing, but
when it moves to the suspended section, the curvature
decreases gradually. When it reaches the weld position
located in the middle of the pipeline, the curvature changes
to the peak, and the stress value changes greatly. Therefore, the
position where the stress value changes greatly is the position
where the curvature changes most. In the separation of pipe and
soil, the curvature has a certain change, but it is not obvious.
However, in the separation of pipe and soil, the stress is the

largest, and in the middle of the pipeline weld position, the stress
change is the largest.
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