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ABSTRAK

Dalam projek ini, keberkesanan bagi kaedah ujian lenduran mampatan akan di
tunjukkan dan di bandingkan dengan kaedah ujian lenduran konvensional seperti ujian
lenduran 3 titik. Ujian lenduran mampatan adalah kaedah ujian lenduran yang baru. Paip
PVC digunakan sebagai bahan ujian dalan projek ini. PVC mempunyai kecemerlangan
penentangan kepada bahan kimia melintasi kadar suhu operasi dengan tekanan operasi
yang luas disebabkan oleh ciri-ciri kekuatan yang tinggi dalam jangka masa yang lama,
kekenyalan yang tinggi dan kos yang effektif. Fokus utama dalam ujian lenduran
mampatan adalah menilai modulus lenduran dan kekuatan lenduran. Berdasarkan
keputusan yang diperolehi, keberkesanan bagi ujian lenduran mampatan dapat
dibandingkan dengan ujian lenduran tiga titik. Disamping membandingkan dua kaedah
ujian lenduran, projek ini juga membandingkan kekuatan lenduran dan modulus lenduran

bagi paip PVC yang dihasilkan oleh dua negara yang berbeza.
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ABSTRACT

In this project the superiority of the compression bending testing method will be
demonstrated and compare with other conventional bending test method such as three
point bending. Compression bending is a new bending test method. PVC pipe were used
as the test specimen for these evaluation. PVC has excellent chemical resistance across its
operating temperature range with a broad band of operating pressures due to its long term
strength characteristics, high stiffness and cost effectiveness. The main focus in the
compression bending test are measured the bending strength and bending modulus. Based
on the result, the superiority of the compression bending test can be compared with the
three point bending test. Instead of comparing this two bending test method, this project
also compare the bending strength and the bending modulus of the PVC pipe that

manufactured by two different countries.

Vil



TABLE OF CONTENT

PAGE

DEDICATION iv
ACKNOWLEDGEMENT \
ABSTRAK vi
ABSTRACT Vil
TABLE OF CONTENTS viil
LIST OF FIGURES Xii
LIST OF TABLES Xiv
NOMENCLATURE XV
CHAPTER 1 INTRODUCTION

11 History 1

1.2 What is PVC? 3

1.3 Background study 4

1.4  Objective of Experiment 5
CHAPTER 2 LITERATURE REVIEW

2.1 Introduction 6

2.2 Type of pipe system 6

viii



221

2.2.2

2.3.3

224

2.2.5

ABS (Acrylonitrile Butadiene Styrene)
PP (Polyproplene)

PE (Polyethylene)

PVDF (Polyvinylidene Flouride)

PVC ( Polyvinyl chloride)

2.2.5.1 Application of PVC

2.3 PVC Pipes
2.3.1 Oriented PVC pipes

2.3.2 Modified PVC pipes
2.3.3 Unplasticized PVC pipes
2.4 Compression bending
2.4.1 Bending theory
2.4.1.1 Simple and Symmetrical Bending
2.4.2 Principle of compression bending
2.4.2.1 Strain Gauge Method
2.4.2.2 Elastica-1
2.4.2.3 Elastica-2
2.5 Buckling

2.6 Three point bending

CHAPTER 3 METHODOLOGY
3.1 Introduction
3.2 Test specimen

3.3  Testing parameter

10

13

14

15

15

16

16

19

23

23

26

28

30

31

32

34

34



3.3.1 Universal Testing Machine

3.3.2 Linear Voltage Displacement Tranducer
3.4  Test procedure

3.4.1 Compression bending test

3.4.2 Three point bending test

CHAPTER 4 RESULT, ANALYSIS AND DISCUSSION
4.1 Introduction
4.2 Result
4.2.1 Bending load
4.2.2 Data measured and data reduction
4221 /L - A/L Relation for All
Types of Pipes

4.2.2.1  Comparison between &/L -

A/L relations for different

manufacture
4.2.3 Bending strength
4.2.4 Bending Modulus
CHAPTERS COMCLUSION AND RECOMMENDATION
5.1 Conclusion

5.2 Recommendation

REFERENCES

35

36

37

37

39

32

41

41

43

44

47

48

53

56

57

59



APPENDIX A

APPENDIX B

APPENDIX C

APPENDIX D

APPENDIX E

APPENDIX F

APPENDIX G

Xi

60

61

62

68

71

74

77



No

2.1

2.2

2.3

2.4

2.5

2.6

2.7

2.8

2.9

3.1

3.2

3.3

3.4

3.5

LIST OF FIGURES

Figure
The polymerization vinyl chloride
A side view of a simply supported beam (top) bending under a

distributed lateral load (bottom)

The internal forces and the axial stress distribution across the cross-

section of a beam in bending

: Principle of compression bending

Radius of curvature versus mid-span deflection (elastica)
Mid-span deflection versus crosshead movement (elastica)
Radius of curvature versus crosshead movement (elastica)
Simply supported column subjected to the axial load

Free body diagram

Jig for compression bending test

300 kKN AUTOGRAPH Shimadzu AG-IS MS series Universal
Testing Machine

Linear Voltage Displacement Tranducer (LVDT)

Overview of the equipment setup for compression bending test.

Stress whitening at PVC pipe

xii

Page

17

18

21

25

27

27

28

29

33

35

36

38

38



3.6

4.1

4.2

4.3

4.4

4.5

4.6

4.7

4.8

4.9

4.10

411

4.12

4.13

4.14

4.15

Overview of the new equipment setup for three point bending test
P max vs. pipe length for 4” and %4 pipes.
Compression failure (edge crush) for 200mm pipe

Load (kN) vs. A mm for %2 and % pipe with 200mm length.

5/L VS. /%_ for Malaysia %" pipes by mean four different lengths
% VS. /%_ for Taiwan 2" pipes by mean four different lengths.
% VS. /% for Malaysia %" pipes by mean four different lengths.
% VS. /%_ for Taiwan 3" pipes by mean four different lengths.

/%_ VS. 5/L for /2”’pipes with 200mm length.

Bending strength (o max ) vs. pipes length for %2 and % pipes.
Bending strength (o mex ) from CB and 3PB for Malaysia and
Taiwan 2" pipes

Bending strength (o max ) from CB and 3PB for Malaysia and
Taiwan %4”pipes.

Bending strength vs. specimen length (Type A) [7]

Bending strength (o mex ) vs. r/t for %” pipe 200 mm

Bending modulus, Ey vs. pipe length for %2 and %4 pipes

Bending Modulus, Ep vs. 1/t for % pipe 200mm length.

Xiii

39

42

42

43

45

51

52

55

55



LIST OF TABLES

No Table
1 Bending strength from compression bending and 3 point bending
for different type and length.
2 Bending Modulus from compression bending for different type

and length of pipes.

Xiv

Page

49

54



Ebec

&

Ot

OA

M a

&t

K(p)

E(p)

NOMENCLATURE

Width of test beam (mm)

Depth of tested beam (mm)

Maximum deflection of the center of the beam (mm)
Young’s modulus for compression bending (MPa)
Strain in the outer surface

Bending strength (MPa)

Stress in outer fibers at mid-point (MPa)

Support span (mm)

Deflection at the mid-span

Crosshead movement

Bending moment at the mid-span A

Axial load

Moment of inertia of the section

Radius of curvature.

Tensile strains at the outer planes

Compressive strains at the outer planes

The perfect elliptical integral of the first kind

The perfect elliptical of the second kind

XV



Angle of deflection at the loading point
Modulus of elasticity in three point bending
Slope of the tangent to the initial straight-line portion of the load

deflection curve

XVi



CHAPTER 1

INTRODUCTION

1.1 History

Since the very start of mankind, men have been trying to develop materials
with better characteristics than the natural products. Plastics were first developed in
the 19th century. Plastics are meet practically everywhere and everyday. Alexander
Parkes discovered the first plastic (cellulose nitrate) in mid 19th century. It was first
introduced to the public at the Great London Exhibition in 1862 [1]. According to
Burgess R.H polyvinyl chloride (PVC) has been produced commercially for 50 years

but most of the expansion has taken place since the end of the 1939-45 War [2].

From it early beginning in Germany the market has grown to the present 12
millions tones per year worth £5 billion a year in turnover. It is manufactured by over
70 major companies in more than 30 countries. The growth of this large market and
the involvement of many major companies have stimulated much development work
over the years on the manufacturing process, on the product produced and on its

subsequent fabrication. Such a large effort has led to importance advance in the



technologies employed in the processes used to produce PVC and in the ways in

which it is subsequently converted to the final articles [2].

This early commercial success stimulated the development of cheap
processes for the production of the monomer, vinyl chloride (VCL), initially based
on the reaction of hydrochloric acid with acetylene, both material cheap to produce
and readily available[2]. More recently cheaper process involving the reaction of
chlorine with ethylene has been developed. It was soon realized that PVC mixtures
could be used for a wide range of applications such as cable covering, raincoats,

fabric coating, etc [2].

Today, plastics replace traditional materials, such as wood, metals, glass,
leather, paper, rubber, because they are lighter, corrosion resistant, sturdy, and easy
to process and have better insulating characteristics [1]. Therefore, the use of plastics
is more economical compared to traditional materials. Plastics are found in the
industry, homes, shops, schools, hospitals, cars etc. They influence the fashion and
our lives [1, 3]. There are various types of plastics such as polyethylene,
polypropylene and polystyrene. One of the major plastics is polyvinyl chloride

known as PVC, it represents about 23% of all plastics produced and sold globally

[1].



1.2 What is PVC?

Polyvinyl chloride commonly abbreviated PVC, is a widely used
thermoplastic polymer [3]. PVC is a thermoplastic made of 57% chlorine (derived
from salt) and 43% carbon (derived from oil / gas via ethylene) [1]. H. V. Regnault
first synthetically prepared it in 1835. Its mass production was initiated in Germany
90 years later by Farbenindustrie (1.G.Farben) [1]. PVC has a special position due to
its physical-chemical characteristics. There are no other plastics, which can be
modified by additives to such an extent as PVC. PVC is a white powder. The powder
is compounded with various additives to achieve all the unique properties of PVC.
PVC can be rigid, semi-rigid or flexible. It can be clear, translucent or coloured [1].
The desired characteristics depend upon the required properties that are needed for

the final applications.

The properties of PVC make it suitable in tough long-life applications. For
example, PVC products used in some construction applications should have an
expected “service-life” of minimum 50 years [1]. Studies show, that PVC pipes may
reach a service-life” of 100 years in 75% of all cases, provided there is no
mechanical damage. PVC products are long-life products consuming relatively low
amount of energy in the course of the production and comparing favourably with
most alternative products or solutions when analyzed in a Life Cycle Assessment
(LCA) [1]. PVC products are furthermore non-toxic and can be recycled several
times. Nonflamability, weatherability, chemical resistance, low gas permeability,

rather wide processability range and low cost are the other outstanding of PVC [4].


http://en.wikipedia.org/wiki/Thermoplastic
http://en.wikipedia.org/wiki/Polymer

In terms of world consumption, PVC account for approximately 24% of all plastics,

with an annual volume of about 25 million tones [1].

1.3 Background study

This project addresses a compression bending test for the PVC pipes. Three
and four bending tests are commonly used to evaluate the bending strength of
advanced composite [5]. Although these tests are simple and easy to operate, they
have some disadvantages. The primary disadvantages being the stress concentration
due to the loading devices. It has been reported that the stress distribution with three
and four-point bending is greatly different from the classical beam theory especially
near the loading nose [5]. In order to reduce this desirable effect, a new bending

method was developed by Fukuda and his colleagues for advanced composites [6].

In their method, a compression load was applied along the long axis of the
specimen with a rectangular cross section. Young’s modulus and bending strength
were measured by means of the elastics phenomenon [6]. However the above review
is applicable only for flat coupons. In the case of pipes, undesirable effects by the
loading device will be more serious. In most cases the pipe will be crushed by the
loading nose rather than the bending failure [7]. Therefore in current project,

compression bending test method is applied to PVC pipes.



1.4 Objective of Experiment

The primary objective in this project is to measure and determine the
bending modulus and bending strength of the PVVC pipes by the compression bending
test using the Universal Testing Machine. Another objective is to examine the
applicability of the testing method by comparing it with conventional bending test
methods. This study also compares the effect and strength of the pipes according to it

diameter size when applied to the axial load.



CHAPTER 2

LITERATURE REVIEW

2.1 Introduction

In this experiment the major components that need to be considered are
compression bending of the PVC pipes. Compression bending test provide
information about the mechanical properties of rigid PVC pipes. This experiment
also compares result of 3 point bending test with the result obtained from the

compression bending test.



2.2 Type of pipe system

Plastic Pressure Pipe Systems produced for the conveyance of drinking
water, waste water, chemicals, heating and cooling fluids, foodstuffs, ultra-pure
liquids, slurries, gases, compressed air and vacuum system applications. Plastic
Pressure Pipe Systems have many advantages to offer to the designer, installer and
end user of pipe systems, they are light weight, easier to install than metal piping
systems, faster to install as well as being more cost effective than metal piping
systems. They are used for both above and below ground applications. A well

installed and well maintained

Plastic Pressure Pipe System could have a life cycle of up to 50 years. This
is dependent upon the medium, temperature, chemical consistency, pressure and type
of plastic pressure pipe system selected. Plastic Pressure Pipe Systems have been in
use since the 1950s [8]. There are several types of plastic pressure pipes available in

the market.

2.2.1 ABS (Acrylonitrile Butadiene Styrene)

ABS is suitable for the conveyance of potable water, slurries and chemicals.
It’s used for chilled water applications due to its low temperature properties. ABS is
also suitable for use in compressed airline systems. ABS is good chemical and
abrasion resistance. It’s also good material strength and high pressure resistance.

ABS operating temperature range is between -40°C to +80°C [8].


http://en.wikipedia.org/wiki/Drinking_water
http://en.wikipedia.org/wiki/Drinking_water
http://en.wikipedia.org/wiki/Waste_water
http://en.wikipedia.org/wiki/Chemicals
http://en.wikipedia.org/wiki/Gases
http://en.wikipedia.org/wiki/Vacuum
http://en.wikipedia.org/wiki/Plastic
http://en.wikipedia.org/wiki/Metal
http://en.wikipedia.org/wiki/Temperature
http://en.wikipedia.org/wiki/Pressure

