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ABSTRACT

The conventional material used for a general purpose pipe carrying fluid has the limitations while being
attempted for use under high stress environmental conditions. The current application which calls for
underground use of the pipe carrying fluids (Including water or gases) is being designed to withstand harsh
conditions of crushing pressure (and/or corrosive environment). Use of general purpose steel or any such
material may not warrant its usability under these trying conditions. The proposed work would attempt to find
an optimal solution in terms of weight (and/or cost) while complying to the performance standards set in the
industry for such applications. The use of fiber reinforced plastics and/or metal impregnated plastics (metal
pipe with suitable thick plastic coatings) appear to be suitable candidates for this dissertation work. The design
alternatives would be evaluated using FEA software for structural strength experienced under practical working
conditions. The same would be tried and tested through physical experimentation while validating the Design
for this work.

KEYWORDS: Structures Composite Laminated Composite Materials, Stress Analysis.

I. INTRODUCTION

Considerable attentions of many industries have been devoted to increasing the utilization and
integration of laminated anisotropic composite into many structural applications [1]. The development
of sandwich structure have possess several properties that make them attractive such as highly
resistant to many corrosive chemicals and compounds that the steel previously lacked, Composites
also have higher strength and stiffness to weight ratios compared to traditional engineering materials
such as steel and concrete [2]. Their low weight can help reduce installation and repair costs; under
transverse and longitudinal compressive loading condition it has good shock absorption characteristics
[3]. Another important advantage of composites is the designer's ability to tailor the material
properties for a specific application. High metal content provides maximum physical strength and
high resin content provides maximum corrosion resistance. Thus the designer can combine these two
elements to produce a satisfactory design.

Among their applications, the composite structure can be used in offshore, submarines, pressure
vessels and civil engineering structures [2]. Here in this project we are using composite as Composite
pipe made of metal impregnated plastics (metal pipe with suitable thick plastic coatings) have many
potential advantages over pipes made from conventional materials. The Trans Canadian pipeline have
wrapped steel pipe with composites to improve the structural properties, while at the same time
adding external corrosion resistance. Composites are significantly lighter than steel. In fact, when
strength-to-weight ratios are examined, composites can be much stronger than steel.

In the present report, we have studied different type of composite materials and observed that many
theoretical and experimental researches are carried out on the failure fibre reinforced composite pipe
with different winding angles[3],s0 that we have selected laminated structural composite as material
for composite pipe.
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In manufacturing process, composite pipe made up of five layers inside and outside layer are made of
plastic tightly bonded with melt adhesive to the mid-layer of aluminium core which is longitudinally
welded and subjected to transverse and longitudinal compressive loading condition . All layers are
extruded by one step.
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Fig.1: Composite Pipe

Analytical models of different variants of structural laminated composite pipes such as High-Density
polyethylene (HDPE)-AL-HDPE. PVC-AL- PVC, HDPE-Fibre Tap (FT) — HDPE and PVC-FT-PVC
have been developed. Stress distribution and deflection within the pipe are studied. Simple analytical
method can be used to evaluate the stresses and deflection of multilayer cylindrical structures under
transverse loading conditions .The result of Experimental investigation of composite pipe are
compared to the result of analytical method and theoretical calculations. The value obtained from
experimental results is approximately same with the values obtained from analytical method when
each theory is applied separately.

Il. DESIGN MODIFICATION

In present work, after study the various types of composite materials, their advantages and limitation,
we have selected laminated composite method for the application. This application calls for
underground use of the pipe carrying fluids (including water or gases) subjected to withstand harsh
conditions of crushing pressure (and/or corrosive environment). It is observed that the materials such
as high density polyethylene (HDPE), Aluminium (Al) and fibre tape (FT) have many advantages
over conventional steel material. Following are the plastic strain plot of HDPE, Al and FT materials.
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According to the study of the concepts in reinforced metal composite piping design, materials and
strength requirements, we have selected four different variants as a composite material to evaluate the
best alternative over the conventional steel pipe, these are as follows.
1. HDAP-FT-HDPE
2. HDPE-AL-HDPE
3. PVC-FT-PVC
4. PVC-AL-PVC
CAD modelling using CATIA V5 of composite pipe of 20 mm internal diameter subjected to up to 10
bar pressure is done. For structural analysis, the finite element models of above different variants of
composite pipes to analyze them in order to evaluate their performance are designed. The work will
be focused in order to,

) Evaluate the stress distribution and displacement.
(] Find the alternative design as a replacement for conventional steel piping structure
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Fig 2.1 . CAD Model of Composite pipe using CATIA V5

The results of CAE analysis for composite pipe having 20 mm internal diameter and 10 bar internal
pressure of different variant are as follows.

Table2.1.The material properties of selecting composite materials are as follows

Sr. No Materials Modulus of Elasticity [Poission‘s Ratio  |Yield Stress
1 HDPE 1832 MPa pHDPE = 0.35 oynore = 16.94 MPa
2 Aluminium EAI =73800 MPa pAl=0.33 oya = 300 MPa
3 PVC EPVC = 24000 MPa ppve =0.41 oypve= 44.8 MPa
+50-mm

Constraints 1-6

Pressure 10 bar

HDPE Inside dia 20 l

Fig.2.2. Pipe Composite- HDPE-AL-HDPE
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Fig.2.3 FEA Result- HDPE-AL-HDPE
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Fig.2.4. Pipe Composite- HDPE-FT-HDPE
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Fig.2.5. FEA Result- HDPE-FT-HDPE
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Fig.2.6. Pipe Composite- PVC-AL-PVC
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Fig.2.7 FEA Result- PVC-AL-PVC
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Fig.2.9. FEA Result- PVC-FT —-PVC.

Table2.2 .Comparison Results for internal pressure of composite materials over conventional Steel material.

Stress (Mpa) Strain % Dips (mm)  Ply thickness
70ne01 Zone2  |Zone03 70ne01 Zone2 | Zone03
HDPE-FT-HDPE 27.5 75.01 216 115 22 | 119 04 120312
HDPE-AL-HDPE 7.6 302.1 8.1 0 0 0 0.05 120312
PVC-AL- PVC 11.43 2445 11.92 0 0 0 0.04 120312
PVC-FT-PVC 37.9 55.26 38.86 0 0 0 0.1 120312
Steel 44.24 0 0.002 2.5

After comparing the FEA result of all variants with base pipe, it is observed that the variant HDPE-
AL —-HDPE is the best variant for composite pipe subjected to internal pressure up to 10 bars.

I1l. DESIGN CALCULATION

The functional design of a HDPE-AL-HDPE composite pipe is based on the working fluid,
temperature, and internal pressure. The design factors, which those conditions influence, are the resin
(matrix), reinforcing material (fibre), and wall thickness of the pipe. The functional design of a
composite pipe is well established for a pipe having a circular or conventional cross-sectional profile.
The stress—strain distribution is easily derived from the simple geometry and applicable material
properties; optimization is possible from this information.

On comparing all variant with base pipe in the report HDPE Al HDPE configuration satisfies criteria.
The stresses in a thin-walled HDPE Al HDPE composite pipe which are subjected to External
pressure can be derived

MULTILAYER PIPE CALCULATIONS

Pipe with layers of HDPE-AL-HDPE having thickness 1.2-0.3-1.2 mm Applied Force, F = 800

Kg = 8000 N

Outside Diameter of Pipe, D = 25.4 mm Inside Diameter

of Pipe, d = 20 mm Total Thickness of Pipe, t = 5.4 mm

Length of Pipe, L = 150 mm

Equivalent Modulus of Elasticity for Composite, Eeq = 8.5 MPa

Equivalent Poisson‘s Ratio for Composite, peq = 0.33

External Pressure Acting on Cylinder,

Po = F/ (2*n*t*L) (1)

= 8000/ (2*1*5.4*150)
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Po =1.572 MPa

Circumferential Stress,

oc= po*D/2*t (2
=1.572*25.4/2*5.4

o = 3.7 MPa

Axial Stress,

oL = po*D/4*t (©)]
=1.572*25.4/4*5.4

oL =1.85 MPa

Circumferential Strain,

ec = (I/E)*( oc - peq* oL) 4
= (1/8.5)*(3.7 — 0.33*1.85)

g =0.363

Axial Strain,

&= (1/E)*( oL - peq* o) (5)
= (1/8.5)*(1.85 - 0.33*3.7)

e =0.074

Displacement,

d=D* g (6)

= 25.4*0.363

0 =9.22mm

IV. EXPERIMENTATION

Introduction:

Test experimentation is carried out on the UTM machine for HDPE-AL-HDPE composite pipe for
design validation. A sample of 20 mm internal diameter and 150mm in length composite pipe was
tested.

Fig4.1. Actual HDPE —AL-HDPE pipe

Objective of the test:

To evaluate the stress—strain and displacement of HDPE-AL-HDPE composite pipe for crash analysis
using UTM machine and find out the best alternative for conventional steel pipe.

Test set-up or Equipment:

UTM machine is used for testing the HDPE-AL-HDPE composite pipe of 20 mm internal diameter
and 150 mm in length. The HDPE-AL-HDPE composite pipe is kept on platform and applies external
load through applicator up to breakage or 8000 N.
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Fig4.2. Testing on UTM machine

Fig4.3. Actual experimental prototype Fig4.4. Displacement of HDPE-AL-HDPE Composite
pipe after experimentation

CAE analysis of experimental set up

After the experiment test of selected HDPE-AL-HDPE composite materials for external load is
carried out on UTM, CAE analysis is done by creating the CAD model for same experimental set up.
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800 kg

Applicator — Applicator
free to move in—ve Z
direction only.

Pipe — Freely kept
on platform, Pipein
contact with Platform
and Applicator.

Platform — Fixed in all
direction.
Constrained in 1-6
direction

Fig4.5. CAD Model of Experimental Set Up

Acceptance Criteria:

During and after testing, the composite pipe should not be brusted or ruptured. After the testing the
stress and displacement value should be within the permissible limit of the test standard.

Result —

1) Mark deflection on applicator.

2) Stresses in Pipe.

Stress
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Fig4.6. FEA Result of Experimental set up of HDPE — AL —HDPE Pipe.
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V. RESULT

The FEA result of composite pipe HDPE —AL-HDPE subjected up to 800 Kg load are compare with
analytical result by experimental result to evaluate the stresses and displacement. The application
which calls for underground use of the pipe carrying fluids (including water or gases) and for pipe
with associated cost and/or weight reduction is being designed to withstand harsh conditions of
crushing pressure.

The value recorded during the testing are found to correspond with the value specified per the

standard specs the subject material. The specimen has passed the test.
FD Plot
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Graph 1 Force —Displacement for HDPE-AL-HDPE pipe under external load

Siress Strain Curve
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Graph. 2 Stress —strain graph for HDPE-AL-HDPE under external load.

VI. CONCLUSION

This work presents a simplified solution to analyse the stresses and displacement of multilayer
composite pipe. Identify the problem for project study purpose. The conventional material used for a
general purpose pipe carrying fluid has limitations while being attempted for use under high stress
environmental conditions. The application which calls for underground use of the pipe carrying fluids
(including water or gases) is being designed to withstand harsh conditions of crushing pressure
(and/or corrosive environment). This study deal with composite plastics pipes, which are typically
used as sewer pipes and drain pipes for highways and airport runways. Particularly, the present study
focused on the structural behaviour characteristics of underground pipes and the strength and fracture
characteristics of pipe wall materials. Detailed stress and displacement distribution for the four
different variants of composite pipe under internal pressure load of 10 bars are investigated using
Finite element analysis CATIA V5 software package was used to model the pipe. It has been shown
that HDPE —AL —HDPE has given the minimum value of stresses and displacement
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The detailed work includes modelling & analysis of different type of composite materials used in
Aluminium reinforced and fibre tap plastic pipes and its comparison with the standard steel pipe. The
FEA results of standard steel pipe and aluminium or fibre tap reinforced pipe will be compared with
analytical results by experimental results respectively. The result of this investigation indicate that
there are number of barrier that need to be overcome to make large diameter composite pipe for tight
gas reservoir and high pressure natural gas transportation in future. In the above study, the
experiments were performed on the HDPE-AL-HDPE composite pipe. Also, there is a notable
difference between the numerical and experimental values for bending tests and deformation.

VIlI. FUTURE SCOPE

The objectives of this study include: Create an avenue for uninterrupted supply of liquid d or gas to
the homes through effective gas piping network, encourage the industry on the need to make
composite piping an alternative to metallic pipe using laminated structural Composite technology and
show that gas distribution is a safe and lucrative business. The scope of work includes:

. Analysis of existing gas distribution technologies
. Analysis of laminated structural Composite technology
. Analytical comparisons of laminated structural Composite pipe and Steel pipe

This research is the theoretical analysis of laminated structural Composite Piping technology to pipe
having high internal pressure. This is a new concept in the gas industry and will require professional
application to discover areas of improvement.

This research work will encourage local and international businessmen to invest in gas as well as
liquid distribution technology. It will bring about regulated use of gas in the homes through pipelines
using composite Technology. The benefits of the technology include stability, lower weight,
durability, enhanced corrosion resistance and low economic and life cycle cost.
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