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Abstract

Stress analysis of buried pipes is essential for safety, longer life, and prevention of structural failures.
The present research work is related to the stress analysis in the gas transmission steel pipeline buried
in the soil. The steel pipe has a three-layer polyethylene coating with viscoelastic properties. The
stresses are caused by traffic loads, including the passage of vehicles on the surface, soil weight and
fluid pressure inside the pipe. The stress analysis on the buried pipe for three different states including
(I) static loading- pipe without coating, (II) static loading- pipe with viscoelastic coating, and (III)
dynamic loading- pipe with viscoelastic coating have been performed using finite element method.
The results of numerical modeling in ANSYS for static loading and uncoated pipe have been
compared with the theoretical outcomes and the accuracy of the modeling has been confirmed. Based
on the obtained observations, the dynamic loading and viscoelastic coating were able to affect the
stress distribution created in the buried pipe, in comparison with the static loading without coating.
Also, increasing the friction in the pipe-soil interface kept the tensile stress at the top of the pipe
crown constant and had a negligible effect on the stress at the bottom of the crown.
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1.

Introduction

into account in the design of pipes that are on the road and

Today, the pipelines are employed to transfer the water and
energy sources such as oil and gas [1]. Due to protection of
the pipelines against the natural factors consisting of the
corrosion, urban aesthetics and etc., these lines are carried
out in the soil. Buried pipelines in the soil are affected by
several parameters that should be considered in the design.
These factors include the fluid pressure in the pipe, the
changes in the temperature of the fluid, the weight of the
soil, and the forces applied by the soil (such as vehicle
movement and earthquake) [2-5]. These forces are taken

train rails. In the designing pipelines that are off-road,
some of these forces may be neglected. Investigating the
stress distribution in composite structures is of particular
importance [0, 7]. Due to the presence of the variable
forces on the buried pipelines, checking the stress
distribution is of particular importance [8-10]. Several
studies have been conducted by researchers about the
buried pipelines and their design. Watkins et al. [11]
implemented a field test on polyethylene condenser pipes
with variable diameters of 381 mm to 610 mm. The pipes
were under the vehicle load and the height of the soil above
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the pipe was 305 mm. The results of their study showed
that the soil height was suitable for preventing vertical
displacement exceeding the permissible limit. An
experimental facility designed to evaluate the performance
of small-diameter pipes was presented by Brachman et al.
[12]. They reported the reduction of boundary friction to
less than 5° and limiting the boundary deformation to less
than 1 mm at a vertical surcharge of 1000 KPa supply an
acceptable conditions for a buried pipe. Arockiasamy et al.
[13] studied on the strength of high density polyethylene,
PVC and metal pipes, under heavy vehicles loading in the
highways. Their findings demonstrated that the vertical
displacement limitation of the pipe is largely dependent on
the pipe diameter and the position of the loading contact
surface. In another study, Kang et al. [14] examined the
short and long term behavior of buried corrugated
polyethylene pipes using finite element method. They
found that the force due to the soil weight on the crown of
pipe was influenced by time, soil specification and contact
conditions in soil-pipe interface. Goltabar and Shekarchi
[15] experimentally and numerically researched on the
influence of traffic load in the buried pipe. The buried pipes
were made of steel and PVC. Their results indicated that
the most stresses occur in the middle of the pipe. Zhou et
al. [16] focused on local stress and mechanical deformation
of the pipe in a long underground buried pipeline. They
reported that increasing in the pipe thickness is an
alternative solution. Zhang et al. [17] studied on the
mechanical behavior of buried pipeline in overload
condition. Their outcomes showed that increasing in
internal pressure it first reduces and then enhances the
stress and, consequently strain created in the pipe. The
dynamic behaviors of a multi-span viscoelastic
functionally graded material pipe has been researched via
Deng et al. [18]. They found that this type of material
exhibits some special dynamic behaviors of the pipe and it
could significantly increase their stability compared to the
aluminum and steel pipes. Jacques et al. [19] presented a
guided wave system for corrosion monitoring in coated
buried steel pipes. According to their outcomes, after 2
years of periodic data gathering, the collar demonstrated
acceptable stability and it was able to identify corrosion
defects found in the buried pipe. Wu et al. [20] investigated
on stress and strain distribution in the buried PE pipelines.
They reported that when the excavate angle was 300 or the
excavation offset distance was 0.3D, the critical load
reached to the minimum value. A comprehensive study on
mechanical behavior of buried PE pipe under land
subsidence was performed by Wu et al. [21]. They
succeeded in obtaining the quantitative relationship
between the transition length and pipeline failure mode
using nonlinear regression analysis. Peric et al. [22]
investigated on residual stresses in buried-arc welded pipe.
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The practical residual stress evaluations on the outside
surfaces of the welded model were validated by simulation
outcomes using the X-ray diffraction method. Khan et al.
[23] focused on stress distribution around the conduit
buried pipe, experimentally. They found that the crest
distance of the conduit from the slope edge and the finding
soil-conduit interaction, governed the stress distribution
and its structural replication to applied fluid pressure. A
study on dynamic behavior of buried pipeline considering
the pipe connection form in presence of blasting seismic
waves was done by Zhao et al. [24]. They reported the
flange bolt joint is vulnerable to the adverse influence of
blasting vibration and the safety evaluation of pipeline.
Zhang et al. [25] investigated on mechanical response of
buried pipeline under traffic load. They employ modified
machine learning model to study the influences of several
parameter such as diameter, wall thickness and buried
depth on mechanical response obtained from buried
pipelines. Wu et al. [26] studied on damage assessment of
HDPE pipe subjected to blast loads. They presented new
prediction model of pipe corresponded to different damage
level. Their findings revealed that by decreasing the
distance from the explosive, the peak particle velocity of
pipe and surface enhances. In another study, Yang et al.
[27] analyzed the PE pipeline under rockfall conditions. In
their research, the effects of rockfall radius, pipe burial
depth, and rockfall impact velocity on dynamic response of
buried pipe have been investigated. Zhang and Wong [28]
focused on the effects of corrosion on buried pipe under
external load. According to their experimental and
numerical the simulated corrosion holes
enhance the stress created in the buried pipe. Using of
appropriate coatings is one of the most effective methods
to prevent the corrosion of the external surfaces of gas

outcomes,

transmission pipelines buried in the soil. In the present
research work, the stresses distribution in gas transmission
steel buried pipes with three-layer polyethylene coating,
which has viscoelastic properties, have been analyzed. The
stresses on the pipe for three different states of static
loading-pipe without coating, static loading-pipe with
viscoelastic coating, and dynamic loading-pipe with
viscoelastic coating have been calculated using the finite
element method. Based on the previous studies studied, it
can be said that no comprehensive research has been done
on stress distribution in buried steel pipe with three-layer
polyethylene coating under various loading conditions.

2. Theoretical basis

The safety of buried pipes, as one of the most important
urban and road facilities, under different loading conditions
is highly dependent on the safe design and performance of
these pipes [29].
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Figure 1. The schematic of pipe deployment in the trench

This important state can only be achieved by analyzing and
understanding their real behavior and applying it in design.
In general, bursting methods are carried out in the
embankment and the trench.

Due to the fact that the implementation method for
drainage, sewage, water supply and gas pipelines is mostly
installed in the trench, this method has also been used for
burglary. The schematic of pipe deployment in the trench
is presented in Figure 1.

In this method, the pipe is placed in a trench dug into the
unloaded soil and is immersed on it. The most important
issue in installation of buried pipes is the interconnection
of pipe-soil in relation to each other.

In fact, the pipe-soil system acts as a composite structure
in which the properties of the system can be in addition to
the average properties of the components.

2.1. Vertical pressure on the pipe crown

The force on the buried pipe is affected by the dead and
overhead loads. The dead load is due to the weight of the
soil and the pavement above the pipe. In other hand, the
overhead loads are including the forces caused by vehicles
and structures on the surface.

In the design of buried pipes, the maximum load applied to
the pipe crown as the dead load is considered equal to the
weight of the soil column above the pipe.

This load is often recognized as a prismatic force. This
force is a simple method for calculating the pressure caused
by the soil weight on the pipe.

The remarkable point is that the actual force applied to the
pipe, due to the transfer of a portion of the shear strength
to the walls of the soil around the pipe, is less than the
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pressure force. This transfer of force will reduce the
vertical pressure of the soil on the pipe [30].

2.1.1. Prismatic load

When the soil is homogeneous and does not contain empty
spaces, the simple method to determine the vertical
pressure on the crown of the pipe is using prismatic force.
In this case, the force of prism is calculated from Eq. (1):

P, = WH (1)

where, Pr is the vertical pressure of the soil on the pipe
crown, W is the specific gravity of the soil, and H is the
height of the soil above the pipe crown [30].

2.1.2. Marston load

One of the methods for calculating the vertical pressure
caused by soil column on the pipe crown is the Marston
load method, which usually represents a more realistic
value than the prismatic load.

According to a series of practical experiments, Marston et
al. published the method of designing the buried pipe in
1930.

He assumed that the shear stress in the trench wall would
reduce the pressure exerted on the pipe [31]. Therefore,
Marston provides Eq. (2) for determining the pressure
caused by the soil weight applied to the pipe:

PM = CDWBD (2)

where, Py is the vertical pressure of the soil on the pipe
crown, Bp is the width of the trench at the top of the pipe,
and Cp is the force coefficient and is calculated as follows

(Eq. 3)):

H
1-e 5
Cp=——— 3)
2ky’
In this equation, 4" is the coefficient of friction between the
soil in the trench and the trench wall and £ is the ground
pressure coefficient and is expressed as Eq. (4):

k = tan?(45 — %) ()

where, ¢ is the internal friction angle of the soil. The ku -
values are expressed in Table 1 [30].

Tablel. k" quantities for several soil samples [30]

Soil type k'
Saturated clay 0.11
Ordinary clay 0.13
Soil clay saturation 0.15
Sand 0.165

Grained and clean soils 0.192
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2.1.3. Corrected prismatic force

The actual pressure exerted on the buried pipe is a
combination of Marston and prism loads and is computed
as follows (Eq. (5)):

Pe = Py + 0.4(Pz — Pyy) = P; = 0.6Py + 0.4P; (5)

In the above equation, Pc is the corrected prism load.
2.1.4. Pressure on the pipe caused by surface loads

Surface loads are usually considered as massive forces
such as building foundations, and centralized forces such
as car wheels.

The distribution of pressure in the soil reduces the effect of
surface force by increasing the depth or the horizontal
distance from the force level.

Also, the amount of pressure at the bottom of the surface
force depends on the amount of surface force and the
surface of its effect.

2.1.4.1. The vehicle force applied by the wheels

Based on the AASHTO standard, the Busink centralized
force equation is defined as Eq. (6) for calculating the
wheel force, regardless of the pavement effects [32]:

3IW, H?
L o —

2mrs (6-2)

r=+X2+H?2 (6-b)

where, [ is the coefficient of collision, W} is the wheel
force, H is the depth of the buried pipe, and 7 represents the
distance between the pipe crown and the point of force
effect (Figure 2).

Wie— X —» W

I ol B wheel
——— | ——

pipe

Figure 2. The effect of wheel force on the buried pipe [32]

10.57647/Jsm.2025.1704.15

2.2. Stress in buried steel pipes

Buried pipes are subjected to stress due to the combination
of internal and external forces. In these pipes, the greatest
force is corresponded to the gas pressure. For pressurized
buried pipes, the internal pressure may be greater than the
radial external pressure caused by the soil. As a result, the
tensile stresses are created in the pipe wall. Therefore, the
compressive stresses in the pressure pipes are negligible.
When the pipe is under the uniform radial pressure caused
by the soil column, the compressive stress in the wall of the
pipe is obtained from the following equation (Eq. (7)) [32]:

_PD

TS (7N

In above equation, Pris the total vertical force enters to the
pipe, D represents the outer diameter of the pipe, and # is
the thickness of the pipe.

2.3. Viscoelastic materials behavior

One of the most important and effective methods to prevent
corrosion of the external surfaces in the buried gas
transmission pipelines in the soil is to employ the
appropriate coatings. Using of polyethylene coatings with
viscoelastic properties is one of the most widely applied
methods to keep the corrosion of the gas transmission pipes
surfaces [33]. Viscoelastic property refers to materials that
have viscous and elastic properties, simultaneously and,
like many materials, do not fully comply from Hooke's law.
In these materials, the relationship between the stress and
strain depends on the time, and by keeping the stress
constant, the strain increases over the time, which is called
creep phenomenon [34].

3. Finite element modeling
3.1. Steel pipe properties

In the current research work, two modeling modes are
considered, in both cases, the pipe is made of steel.
According to the API 5L, the steel grade for the first and
second cases are selected to X-52 ad X-42, respectively.
Considering that the permissible limit of corrosion is 3 mm,
the thickness of the pipe for the first and second cases are
equal to, in turn, 14.27 mm and 5.2 mm. The geometrical
and mechanical properties of buried pipe are considered,
based on ASME B 31.4 and ASME B 31.8 [35, 36].

3.2. Specification of the used soils around the pipe

The pipes that are installed in off-road ways do not have
concrete protection and asphalt surface.
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Figure 3. 2D schematic of the pipe installed in the trench (dimensions in
meter)
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Table2. Standard thickness specification for steel pipes (dimensions in
mm)

Epoxy powder  Adhesion Total
Pipe diameter  resin (first (second .
thickness
layer) layer)
Up to nominal 02 0.15 )5

diameter 500

Therefore, in the modeling of soil layers, according to the
description provided in the ASTM D2321 standard, the
asphalt surface is removed. Figure 3 shows the layering of
the soil in this state. Physical properties of soils used in the
trench are considered based on Ref. [30].

3.3. The thickness of polyethylene coating

The thickness of the coating layers for the buried pipes
follows certain rules. These rules are related to the material
and dimensions of the pipe. Table 2 shows the specification
of the standard coating thickness for steel pipes with a three
layer polyethylene coating extracted from IPS-G-TP-335
[37].

As mentioned earlier,
viscoelastic properties.
Therefore, for viscoelastic models, the polyethylene
modeling in software is employed. Among the methods
presented, the Prony method is the most suitable manner
for modeling the polyethylene materials. Prony series
coefficients for polyethylene are expressed as a table. In
this method, the shear modulus coefficients are used at the

the polyethylene layer has

stress release times applied in the shear response section.
The shear modulus G; are extracted from Ref. [38] and fall
into the a=Gi/G,. The values of a; obtained in the shear
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response section applied in the corresponding time. In this
study, the value of G, is considered to 369.3 MPa.

3.4. Simulation of the problem

After defining the material, the model geometry was
created in the software. To apply symmetry conditions and
reduce problem solving time, one half of the model was
considered. The conditions between the soil layers are
defined integrally, and the connection in soil-pipe common
surface with contact conditions of the friction type and
different friction coefficients were considered. The
material of the modeled pipe is made of steel with
viscoelastic coating.

According to this property, an element should be selected
that has the capability of modeling for materials with
viscoelastic properties. For this purpose, PLANES2 and
SOLID186 elements have been employed. Considering
that the soil is assumed to be elastic and the modulus of
elasticity, Poisson's ratio and constant density are
considered for it, the desired elements for soil modeling
can be selected from among the structural elements of
ANSYS. Accordingly, SOLID95 element has been used to
model the soil in three-dimensional mode. In the finite
element analysis, meshing is one of the most important
steps. A view of the 2D- model with appropriate meshing
is given in Figure 4.

In the next step, the existing loads, including the force
caused by soil weight, internal pressure and traffic load, are
applied to the model. Since the pipe is modeled for gas
transferring, the internal pressure for the first case is 170
bar (2465 psi) and second case is considered to 4 bar (58
psi), which are equivalent to the pressure of the pumping
station in Iran.

To apply the traffic load, according to the AASHTO
standard, the force applied on two surfaces, each of which
has an area of 18*20 in? and a distance between them of 72
in, is entered to the outer surface of the soil in the amount
of 71174 N. Due to the mobility of the traffic load, this load
is considered as a variable in time. In general, the traffic
load has a recurring state, which indicates the changes of
this load over time.

To establish the boundary and loading conditions, the
problem solving time is divided into three intervals. In the
first step, the gravitational acceleration is considered to
apply the weight of the soil. In the second and third time
periods, the pressure caused by the gas transfer and the
vehicle's passing force on the soil surface have been taken
into account.

On the bottom of the lowest layer of soil, a fixed constraint
is included that restrains all the degrees of freedom in this
region. Figure 5 shows the load and boundary conditions
applied on the model.
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Figure 4. Two-dimensional view of the pipe mesh, coating and
surrounding soil
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Figure 5. Loading and boundary conditions applied to the FE model
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Figure 6. The von-Mises stress contours in (a) first mode and (b) second mode of buried pipe
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Figure 7. The convergence test results
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4. Results and discussion

The von-Mises stress contours caused by soil weight, fluid
pressure and traffic load for the first and second modes in
buried pipe are shown in Figure 6. As it is clear, the
maximum amount of von-Mises stress in the first and
second modes are computed about 248.5 MPa and 5.8
MPa, respectively.

4.1. Convergence test

In the finite element analysis, the number of meshes can
have a significant effect on the final solution. Therefore,
this issue should be carefully investigated. The influences
of the mesh number on the stress values for the first mode
of the main model have been researched (Figure 7).
According to the convergence test, the numbers of
elements were considered to 33500.

4.2. Verification of the numerical results

In the current section, the aim is to check the accuracy of
the numerical results obtained from the simulation of the
model. For this purpose, the pipe has been modeled under
the effect of the force caused by the weight of the soil and
the vehicle, and the amount of stress in the pipe crown
extracted from the finite element solution has been
compared with the outcomes gained from the theoretical
relationships (section 2). The values of forces caused by
the soil and vehicle are presented in Table 3.

Table 3. Soil and vehicle load values

No. Loading type Value (Pa)
1 Prismatic load 20444.85

2 Marston load 16483.6759
3 Vehicle load 22568.7768
4 Corrected prismatic load 18068.1455
5 Soil & vehicle load 40626.9223

The summary of the theoretical and numerical findings
obtained to calculate the amounts of stress in the buried
pipe are given in Table 4. Based on the error values, it can
be said that the simulation results have an acceptable
accuracy.

4.3. The effect of changing the dimensions of the model

In the present section, the dimensions of the model that can
be used to calculate stresses are determined according to
the effect of soil weight, vehicle weight and the internal
pressure of the buried pipe. For this purpose, the maximum
values of von-Mises and hoop stresses are checked for the
changing of soil dimensions in the lower and upper part of
the pipe crown.

4.3.1. Changing the transverse dimension of the model

In the simulation of the buried pipe, by setting the its length
and soil (z) equal to 3 m, the changes in the width of the
soil (x) and its effects on the stress are discussed. The
influences of soil transverse dimension change on the
different stress are presented in Table 5. Based on the
results, it can be concluded that by increasing in the
transverse dimension of the model, the von-Mises and the
hoop stresses are enhanced, regardless of its modes.

4.3.2. Changing the longitudinal dimension of the model

The purpose of this section is to investigate the influence
of longitudinal dimension changes on the stresses created
in the buried pipe. Therefore, the transverse dimension of
the current model is equal to 1.91 m and its length is
considered variables. In Table 6, the values of the stresses
created in the pipe for changes in its length are given. The
findings presented in Table 6 demonstrated that with the
increase in the length of the model, the von-Mises stress
increased, while the hoop stresses at the bottom and top of
the pipe crown remain constant.

Table 4. Theoretical and FEM values of stresses

Theoretical FEM (MPa) First mode  Second
No.  Stress Type

(MPa) Mode I Mode I error mode error
1 Stress caused by soil 0.257 0.276 0.248 7.39% 5.7%
2 Stress caused by soil & vehicle  0.579 0.625 0.612 7.94 % 35%

Table 5. Stress variations in the buried pipe due to soil transverse dimension changes

Max. von-Mises stress
Upper surface of the

Hoop stress at bottom of

Hoop stress at top of the

(MPa) the pipe crown (MPa) pipe crown (MPa)
model (x*z)

Mode I Mode II Mode 1 Mode II Mode I Mode II
1.91*3 248.42 5.72 239.29 5.61 220.71 5.19
2.91%*3 251.35 5.81 242.15 5.75 223.36 5.22
3.91%*3 252.24 5.93 24291 5.91 224.18 5.28

10.57647/Jsm.2025.1704.15
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Table 6. Stress variations in the buried pipe due to soil longitudinal dimension changes

Max. von-Mises stress

Hoop stress at bottom of

Hoop stress at top of

EI;I;: zzifze;ce of the (MPa) the pipe crown (MPa) the pipe crown (MPa)
Mode I Mode IT Mode I Mode II Mode I Mode I
1.91*3 248.46 5.81 239.28 5.63 220.69 5.19
1.91*%4 248.94 5.90 239.29 5.63 220.71 5.20
1.91*5 249.26 5.98 239.29 5.63 220.71 5.19

Table 7. The effect of friction coefficient in soil-pipe contact surface on variation of stresses

Max. von-Mises stress

Hoop stress at bottom of

Hoop stress at top of

Friction coefficient (MPa) the pipe crown (MPa) the pipe crown (MPa)
Mode I Mode I1 Mode I Mode II Mode I Mode I

0 248.17 5.84 239.11 5.63 220.43 5.19

0.1 249.46 5.88 239.18 5.64 222.12 5.32

0.5 251.20 6.06 239.55 5.67 22391 5.39

1 253.49 6.22 239.84 5.71 224.78 5.64

Table 8. Stress values for different loading conditions

Von- Mises stress (Mpa)

No. Loading Explanation
Mode | Mode 11
1 Stress due to soil weight 0.28 0.25 Transient load
2 Stress due to soil weight and fluid pressure 248.13 5.79 with viscoelastic
3 Stress due to soil weight and fluid pressure and traffic load 248.47 5.85 coating
4 Stress due to soil weight 0.28 0.25 Static load with
5 Stress due to soil weight and fluid pressure 248.13 5.79 viscoelastic
6 Stress due to soil weight and fluid pressure and traffic load 248.45 5.83 coating
7 Stress due to soil weight 0.28 0.25 .
. . Static load
8 Stress due to soil weight and fluid pressure 248.14 5.79 .
9 Stress due to soil weight and traffic load 0.63 0.62 Wlth,o utany
10 Stress due to soil weight and fluid pressure and traffic load 248.51 5.87 coating

4.4. Slipping effect in soil-pipe contact surface

In the current section, the effect of slipping in the soil-pipe
contact surface on variation of stress created in the buried
pipe has been investigated. Considering that one of the
important parameters in contact conditions is the friction
coefficient between two surfaces, in Table 7, the influence
of slippage on the stresses in the pipe is shown. According
to the position of the soil and the pipe, considering the
sliding effect has negligible effect on the hoop stresses at
the bottom of the pipe. Von-Mises stresses at the bottom
of the pipe crown increase with the enhancing of the
friction coefficient. In the present research, the friction
coefficient between two mentioned surfaces is considered
to be 0.1.

4.5. Stress for different loading
Each of the three forces mentioned in section 4.2 has a

different effect on the buried pipe. The aim of present
section is to examine these effects. For this purpose,

10.57647/Jsm.2025.1704.15

various combinations of loading on the pipe have been
applied and the results obtained from them are
summarized in Table 8. Based on the results, it can be
stated that most of the stress created is due to the presence
of fluid pressure inside the pipes. After the fluid pressure,
the force caused by the traffic load has the greatest effect
on the amount of stress created in the buried pipe.
According to Table 8, it can be said that the effect of
transient load increases the amount of stress and the
influence of coating reduces it. In general, the stress has
decreased by 0.3% in comparison with the static load state
and without coating.

5. Conclusion

In the current research, the stress distribution due to fluid
pressure, soil weight and traffic load in the buried pipe has
been investigated. The used pipe is made of steel with
three-layer polyethylene coating, which has viscoelastic
properties. The numerical simulation of the problem has
been done using ANSYS software. The stresses on the
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pipe for three different states of (I) static loading- pipe

without coating, (II) static loading- pipe with viscoelastic

coating, and (III) dynamic loading- pipe with viscoelastic
coating have been investigated. A summary of the
research results are given below:

e The maximum stress in all load conditions occurs at the
bottom of the pipe crown. This is due to the presence of
a maximum of three forces, namely the weight of the
soil, the fluid pressure and the vehicle.

o [t was observed that the effect of transient load increases
the amount of stress by about 0.4% and the effect of
coating reduces it by about 0.7%. In general, the stress
has decreased by 0.3% compared to the static load state
and without coating.

o Increasing the transverse dimension of the model will
increase the von-Mises stresses at the bottom of the pipe
crown, where the most stresses enter the pipe, as well as
the hoop stresses at the bottom and top of it. In the other
hand, as the length of the model increases, the von-
Mises stresses at the bottom of the pipe crown increases,
but the hoop stresses at the bottom and top of the pipe
crown remain constant.

o As the friction between the pipe and the soil increases,
the tensile stress at the top of the pipe crown is almost
constant and the tensile stress at the bottom of the pipe
crown rarely increases whose its effects are small and
negligible.
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