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Abstract: Glass fiber/epoxy reinforced composite pipes are commonly used in the industry were circulation of extreme forced
chemical fluids, industrial wastes and oil and natural gas transmission occurs. In oil and natural gas production, the heavy
crude oil transporting pipe lines are exposed to unsteady pressure waves which generate rise and fall stress readings in the pipes.
Computational fluid dynamic examination was implemented using Ansys 15.0 Fluent software to investigate the consequences
of these pressure waves on some detailed joints in the pipes. Relating on the type of heavy crude oil being employed, the flow
behaviour stated a significant degree of stress levels in evident attaching joints, triggering the joints to become delicate over a
sustained phase of usage. In this analysis, the comparison among various pipe joints was done by using different materials,
and the end result of the stress volume in the pipe joints was checked so that the life of the pipe joints can be optimized by the
change of material.
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1 Introduction

The most commonly used pipe systems for fluid
transportation are constructed by glass fiber reinforced
plastic composites, also known as fiber glass composites.
In other terms, infrastructural industries can be regarded
as the those who introduced a method for using
composite materials in eradicating corrosion in
chemically sensitive environments, and its consequential
service costs are the major causes that various industrial
divisions have been encouraged to implement glass/epoxy
fibre reinforced pipes (Hollaway, 2010). Glass/epoxy
fiber reinforced pipes and pipe joints are imposed to stay
in action for 65 years as an extended stage design
international rules and
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regulations (AWWA Manual M45, 2005; ANS/TAWWA
C950-0,1 2001). More or less all the conducted studies in
the literature on the distinguish design behaviour of
glass/epoxy fibre reinforced pipes exposed to internal
pressure have been diffused out experimentally (Abdul
Majid et al., 2014; Gay et al., 2002) but not on pipe joints
where the flow is turbulent.

Subsea pipeline system is used to connect the offshore
production platforms to onshore production platforms.
Inspection of the pipe line system is done on regular basis,
but danger is not predicted and the failure of the system
may occur in few cases.

1.1 Analysis of significant pipe joint failures

Pipe failures are generated by concern forces which
over reach the normal residual strength of the pipe
medium. Pipe deterioration happens when the stresses of
both operative and environmental react on pipe lines
where corrosion, deterioration, insufficient installation or
manufacturing problems have influenced the pipes

structural strength. The physical process of failures in
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pipe lines is normally a complicated function of many
subscribing factors. This shows pipe line properties such
as area, material, internal and external storing and
environmental issue (Xia et al., 2001). Consequently,
various other failure localities can be noticed including
joint contact failure, breakable failure, crack pipe,
transversal break, graphitization, pitting holes, long term
and circumferential failures, circular cracking and finally
blowout hole. When comparing the aspects for failure,
physical characteristics such as material type, size and
temperature have been analysed as the most prominent
factors.

In the case of structural stress anaylsis, Xia M et al.
(2001), Akkus and Kawahara (2000) have found out two
approaches to figure out stresses and variations of
filament wound pipe joints which were exposed to cross
loading employing arched composite beam and bi-layer
build up approaches. Various studies were conductedon
glass fiber reinforced plastic pipe’s mechanical, structural
properties and break down such as bending (Alderson and
Evans, 1992), transverse loading (Nishiwaki et al., 1995;
Onoda, 1985) and axial compression (Smerdov, 2000)
loading circumstancesregularly. Moujaes and Aekula
(2009) stated that the consequences of the drop in
pressure on the turning vanes were90 degree, by means of
computational fluid dynamics stimulations in heating,
ventilation and air conditioning applications field. Stress
examination of even pipe bends with end restraints
exposed and flanged to in level bending investiagted
experimentally by Hilsenkopf et al. (1998), Kim and Oh
(2007)  has

approximaltely plastic capacities for

provided a method to caluculate
elbows with
non-uniform thickness under in-plane bending and below
internal pressure, built on the finite elementboundary
analysis by means of elastic-plastic materails
1.2 Influence of pressure variation on pipe joint
failure

The expression for pressure variation is used to point
out any development in pressure level in the pipelines,
either a slow advancement in the day to day pressure
analysis or sudden change in pressure short term events.
These bear to have a duplicating sequence, even though

there might be much change in the magnitude, frequency

and structure of every incident. In supplement, separation
of pressure variation levels from other level on an instinct
phase can be highly challenging. However, there have
been only few past studies on the failure mechanism of
pipelines when they are defined to the constant cycles of
pressure variations. In the study, common pipeline side
by side of the crude oil delivery structure will be
unprotected to different pressure constantly. Same to
immediate pressure variation, the relationship between
(continuous) pressure change and the main cause of
failure is not perfectly understood.

The flow range sometimes can be impeded due to the
displacement of consecutive layers (fiber/resin) of the
component and the brust pressure of the pipe joint
increases due to block and the failure might occur.The
influence of impact failure due to burst pressure can be
evaluated by decreasing the burst pressure and increasing
impact energy as per the studies done by various

researchers (Mazumder, 2012).
2 CFD modelling of the pipe joints

2.1 Design of the pipe joints

It should be pointed out that all designedglass-
reinforced  plastic,glass  reinforced  ventandglass
reinforced epoxypipes with filament winding method
have the similar pipe wall layout and thickness.However,
for the case of glass reinforced vent and glass reinforced
epoxy pipes, most commomnly in pure glass fiber
reinforced  pipe  layersare used, and  sand
coverwasplacedinto glass fiber reinforced pipes for the
water or excess water movement applications and also in
some cases depletion of the wall width is common in the
intial stage of unpredicted events, since it causes local
stress absorption. For the analysis part of the pipe joints
such as T-joint, elbow joint, four way joints design
aredone as per ASME B31.3 Process Piping Code with
94.6 mm inner diameter, 100 mm outer diameter,
thickness of the pipe of 5.4 mm, radius of curvature of 75
mm and 100 mm longitudinal length on each side of the
joint was as shown in Figure 1. The material used is one
with E-glass fiber and another with S-glass fibre. The
material’s properties of S-Glass and E-glass used for the

design are shown in Table 1.



58  December, 2019

AgricEnglnt: CIGR Journal Open access at http://www.cigrjournal.org

Vol. 21, No. 4

¥

A

0000 0.400 (m)
[ S—

0200
Figure 1
Table 1 Material properties of S-Glass and E-glass used for
design
S.No Property S-Glass E-Glass

1 Density 249 ¢ cm’ 255¢g cm’
2 Possion’s ratio 0.22 0.22
3 Shear Modulus 37 GPa 34 GPa
4 Young’s Modulus 89 GPa 79 GPa
5 Compression strength 4500 MPa 4500 MPa
6 Tensile strength 4750 MPa 2000 MPa

2.2 Turbulenece flow modeling in the pipe joints

The complications initiating from the surroundings of
the turbulent flows are confrontationally not stable by
type and the main levels that are needed to be determined
are both significant and extremely minor turbulences.
Therefore, computational study is confined to use
remarkably small position and time discretization, which
exceeds today’s computational effect.

Navier-Stokes equations (Anderson, 2009) is the only
way to describe the turbulent flow in pipe joints in full
aspect. The succeeding equations designate how the
pressure, velocity, density and temperature of an ongoing
fluid are associated.

Continuity equation:
Op/0t+0(pu)/ Ox+0(pv)/dy+0(pw)/0z=0 (1)
X - Momentum:

d(pu)/ ot +0(pu®) ! ox +0(puv)/ dy + o(puw) / oz @)
=—0p/0x+1/Re {0, /Ox+07,, /Oy +07,, / 0z}

Y - Momentum:
d(pv)/ ot +d(puv)/ ox +0(pv*) / dy + 0(pvw) / Oz 3)
=—0p/0y+1/Re;{0t,/0x+07, /0y +0t, /Oz}

Z - Momentum:
d(pw)/ ot + d(puw) / Ox + 0(pvw) / Oy + d(pw*) / bz @
=—0p/0z+1/ Re {07, / Ox+ 07, /Oy + 07, / Oz}

0000 0.400 () z-l\x
—

020

Design of pipe joints with required dimensions in Ansys 15.0 Work bench

Energy:
O(Et)/ Ot + O(uEt) / Ox + 0(vEt) / oy + O(wEt) / 0z
=—0(up)/ Ox —O0(vp) / Oy —O(wp) / 0z —1/ (RefPrf’)
[Ogx/ Ox+0Oqy /Oy +0qz/0z]+1/ Ref [0/ ox(ur,, + (5)
vr,, +wr,.)+0/oy(ur,, +vr, +wr,)+0/0z(ur,, +

VTyz + wr,, )]

where, x, y, z are the co-ordinates; u, v, w are the velocity
elements; ¢ is the time in sec; p is the pressure in MPa,
heat flux is denoted by ¢ in W/m?, density as p in kg/m’,
Re represents the Reynolds number which has a
resemblance constraint with the proportion of the
mounting of the inertia to the flow with the viscous forces
in the flow. The ¢ parameters are the heat flux elements
and Pr represents the Prandtl number which is a parallel
parameter in which represents the ratio of the viscous
stresses to the thermal stresses. The 7 variables are
modules of the stress tensor.

The above Equations (1)-(5) are expansions of the
Euler Equations and comprise the outcomes of viscosity
on the flow level, and describe N-S equations with very
tolerable computational grids and very minor time phases
to get the entire details of a turbulent flow as shown
indirect numerical simulation (DNS). Figure 2 replicates
the flow chart of analysis performed in the study in both
theoretical and design ways.

Figure 2 replicates the flow chart of analysis
performed in the study in both theoretical and design

ways.
3 Results and discussion

3.1 Flow analysis of the pipe joints
Various models (Kleiner and Rajani, 2001; Shalaby
et al., 2008) based on this method including physically
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Figure 2 Basic model of simulation/flow chart for flow analysis

in pipe joints with theoretical and design phases

established procedures need important data and
frequently immoderate examinations on the pipe joint’s
failure procedures, so flow analysis would be a source for
an imaginary view of the failures before installation of
the pipe joints in the pipeline system. Since the pressure
flow is maximum at the joints, comparison of flow
analysis between E-glass material and S-glass material
has been done. The properties heavy crude oil are
considered for analysis, since the fluid flowing in oil and
gas industry is crude oil. The flow parameters and the
thermo dynamic parameters for flow analysis are shown
in Table 2 and Table 3 below. The consequence of inner
pressure on failure capacity at the pipe bends under
mutual moments and pressure

loadings counting

] 0400 fm) /L
—— » x

0.200

geometric non linearity, have been reviewed by Shalaby
and Younan et al. (2008).

Table 2 Heavy crude oil parameters for flow analysis
(Bobba et al., 2018)

Property Value in units

Molecular mass 0.53 kg/mol
1971 J kg at273.3 K
0.521 Wm™" at 2733 K

0.0011243 Pas™ at 273.3 K

Specific heat
Thermal conductivity
Dynamic viscosity

Specific heat ratio 1.2

Table 3 Thermodynamic factors for flow analysis
(Bobba et al., 2018)

Parameter Value in Units
Pressure 19432.5 Pa
Temperature 273.5K
Mass 970 kg m”

Table 4 Number of elements and nodes for each joint after
meshing done on the per fined pipe joints

S.No Type of joint Domain Nodes Elements
1 Elbow-Joint Solid 3135 2484
2 T-Joint Solid 4792 21278
3 Y-Joint Solid 4730 21376

3.1.1 Flow pressure comparison in E-glass elbow joint
and S-glass elbow joint

Elbow joint with E-glass and S-glass haveequal
maximum pressure of 110.3 Pa from the CFD analysis

and the minimum pressure of —727.7 Pa from the CFD

analysis was as shown in Figure 3.
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Figure 3 Comparsion of pressure fluacation between E-glass elbow joint and S-glass elbow joint through CFD analysis

3.1.2  Flow pressure comparison in E-glass Y-joint and
S-glass Y-Joint

Y-joint made with E-glass and S-glass have equal
maximum pressure of 122.1 Pa from the CFD analysis
and the minimum pressure of —118.4 Pa from the CFD

analysis was shown in Figure 4.

3.1.3 Flow pressure comparison in E-glass T-joint and
S-glass T-Joint

T- Joint with E-glass and S-glass have equal
maximum pressure of 147.6 Pa from the CFD analysis
and the minimum pressure of —108.7 Pa from the CFD

analysis was shown in Figure 5.
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Figure 4 Comparsion of pressure fluacation between E-glass Y-joint and S-glass Y-joint through CFD analysis
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Table 5 Maxiumum and minimum pressure flow in the pipe

joints
Pressureflow
S.No Type of Joint
Maximum Minimum
1 Elbow joint (S-glass/E-glass) 110.3 Pa —727.7 Pa
2 Y-Joint (S-glass/E-glass) 122.1 Pa —118.4 Pa
3 T-Joint (S-glass/E-glass) 147.6 Pa —108.7 Pa

The FE patterns, shown in Figure 3, Figure 4, and
Figure 5, were subjected to internal pressure. Internal
pressure was employed as a circulated load to the interior
cover of the FE model. In supplement, an axial tension
equal to the internal pressure was employed at the tip of
the pipe joint to oppose the closed end. It should be
perceived that there are no complications in employing
internal pressure also to the bent without any connected
pipe, and the colour contours display show the pressure
gets increased at the junction of three divisions of pipe
joint due to which pressure loss happened in pipe joint.
The velocity causes to surge at the convergence of both
the pipe joints and decrease in the linking branches.

Finally,once the flow analysis was performed, the
pipe joint will have much influence on the pressure surge

propagation.

i

A

Figure 5 Comparsion of pressure fluacation between E-glass T- joint and S-glass T- joint through CFD analysis

a 0.400 (m)
L S—
0,200

3.2 Static structural analysis of the pipe joints
3.2.1

To decrease the limitation of the pressure in the pipe

Equivalent (von mises) stress

joint curvature, P,, has been classified out as:

.
R
Po=(ao—j R (6)
rl- "
2R

The primary phrase on the right-hand side of Equation
(6) is the maximum pressure for a straight pipe joint and
the second phrase is the enlargement term for the bend

curvature. The first phrase is similar to a lower bound

centred on the yield state of an element, and 2 could

NE)

be employed if the von mises yield situation was

implemented.
r r
1-— 1-—
2t R s R
P =|-=0,~ =P 7
(\/5 ”j - ’ - @
2R 2R

where, P represents the plastic threshold pressure for

the un-cracked level of the pipe joint.

Now when analysing about the extreme pressure
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attained from the flow analysis of individual pipe joint
shown in the Table 5, static structural and theoretical
calculation to find the von mises stress was performed
and compared

To calculate the equivalent von mises stress
o,(Hoop Stress) = L3 ®)
1 p 2T

o, (Radial Stress) = —Px () (r,)* —r* x> x(r; =17) (9)

o, (Von Mises) =/ol* +02° —20162  (10)

where, P; = Maximum pressure in MPa; »; = Radius
(Inner) of the pipe joint in mm; 7, = Radius (Outer) of the
pipe joint in mm; » = Radius of curvature of the pipe joint
in mm.

By performing theoretical calculation by exercising
the above Equations (8)-(10), following results shown in
Table 6 are obtained.

Table 6 Maximum pressure flow by therotical calucations in
the pipe joints

S.No Type of Joint S-glass E-glass
1 Elbow joint 87.904 Pa 88.924 Pa
2 Y-joint 85.45 Pa 97.45 Pa
3 T-joint 129.72 Pa 136.72 Pa

0100

3.2.2 Finite element analysis of the pipe joints

Static analysis is performed in the case to find the
given code stresses, code compliance stresses, pipe
support load, element forces and moments (local and
global coordinates), and the data for performing structural
analysis of the pipe joints is shown in Table 7 and the
number of elements and nodes for each joint are shown in
Table 4.

Table 7 Maximum equivalent (von Mises) and minimum

equivalent (von Mises) stress of various joints with E-glass and
S-glass fiber material

S.No Type of joint S-Glass E-Glass
Maximum 98.904 Pa 99.924 Pa
1 Elbow joint
Minimum 73.699 Pa 71.699 Pa
Maximum 101.45 Pa 118.45 Pa
2 Y-joint
Minimum 53.778 Pa 53.770 Pa
Maximum 138.72 Pa 148.72 Pa
3 T-joint
Minimum 51.917 Pa 51917 Pa
3.2.2.1 Equivalent (von mises) stress of E-glass and

S-glass elbow joint:

As shown in Figure 6 above, the maximum value of
the von mises equivalent stress of E-glass elbow joint is
99.924 Nm™ and that of S-glass is 98.904 Nm™.

0.100

Figure 6 Contours of von mises equivalent stress during 100% crude oil flow with maximum pressure in the elbow joint

3.2.2.2 Equivalent (von mises) stress of E-glass and
S-glass Y-joint

As shown in Figure 7 above, the maximum value of
the von mises equivalent stress of E-glass Y-joint is
118.45 Nm™ and that of S-glass is 101.45 Nm™.
3.2.2.3 Equivalent (von mises) stress of E-glass and
S-glass T-joint

As shown in Figure 8 above, the maximum value of
the von Mises Equivalent stress of E-glass T-joint is
148.72 Nm and that of S-glass is 138.72 Nm™.

The comparison of the maximum equivalent von
mises stresses and minimum equivalent von mises
Stresses of joints with E-glass and S-glass fibre material
are shown below in Figure 9. In the case of maximum
pressure, the pressure was gradually tend to surge from
the initial stage to the final stage, but when it came to the
minimum pressure of the joints, the graph of both the
joints gradually dropped from the peak stage. However,
in both cases, S-glass joints showed better output results

when compared to E-glass joints.
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Figure 7 Contours of von mises equivalent stress during 100% crude oil flow with maximum pressure in the Y- joint

Figure 8 Contours of von mises equivalent stress during 100% crude oil flow with maximum pressure in the T joint
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Figure 9 Maximum equivalent (von mises) and minimum equivalent (von mises) stress of various joints with

E-glass and S-glass fibre material

When comparing the results obtained from the Ansys
15.0 Structural Analysis and theoretical calculation, the
percentage of accuracy are within the permissible limits
of the yield strength of the pipe joints, so the design is
safe for all the pipe joints.

Since the paper only concentrates on analysis part
only material property of E-Glass and S-glass were
considered and compared but when it comes to the
fabrication part, with E-glass cloth, epoxy resin is coated

by hand layup process but in the case of S-glass fabric, a

finishing of N-Matrix type resin N-diglycidyl tribromoanline
(DGTBA) assorted with metaphenylene diamine (MPDA)
is proposed for fabrication, since it has good fatigue life

as per the examinations carried out by Romans et al.
(1972).

4 Results and discussion

There have been several studies on the failure
occurrence in pipe joints and their main causes other than

pressure variation, material selection but as per the study
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done due to the turbulence flow in the pipeline the fluid
velocity level in the pipe joints have quite large shear in
the flow and structural analysisperformed S-glass fiber
reinforced pipe joints have exibited better compressive
and flexural behaviour than E-glass fiber reinforced pipe
joints. The results of the structural stress levels indicated
that joints made with S-glass material would withstand
more loads than joints made of E-glass material and also
the difference between simulation and theoretical results
could logically be even 100% and it was supported by the
results obtained and also the results obtained were less
than maximum yield strength where the damage
happened.

Finally by performing stress examination, it created a
good method to estimate the consequences of failure
before going into the research laboratory works and also
implementing S-glass material in the perfined joints
rather than E-glass material enhances the durability of
composite pipe in the long time run. They are also several
other causes for the failures in glass/epoxy fiber
reinforced pipelines which may be due to ecological and
physical constraints, but as per the study only flow

analysis was performed.
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