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ABSTRACT

This thesis deals with effect of different buildestation on mechanical properties of
fibreglass reinforced composite. The objective lis tthesis is to investigate the
mechanical properties of fibreglass reinforced cosite with different build
orientation, investigate the relation between fifmes and polyester resin, and to
understand on the mechanical behaviour of fibregtasforced composite. Fibreglass
is refer to a group of products made from individglass fibres combined into a variety
of forms and act as reinforcing agent. The probtérbonding between fibreglass and
the matrix resin affect the strength of the fibesgl reinforced composite and this need
to be deals with the study on their mechanical ergs by using mechanical
experiment test. The test is carried out usingilerest, which all are focusing on
investigating mechanical properties on the specaméibreglass reinforced composite
is made up by using hand lay-up technique, whdferdint laminate of fibreglass made
up by different build orientation of fibreglass whiresult different strength. The aim of
the test is to study on this fibreglass reinforcechposite strength and to observed on
the mechanical behaviour of this material. It wasnid that by arranging the fibreglass
properly, the stronger the fibreglass reinforcechposite be.
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ABSTRAK

Tesis ini membentangkan kesan daripada berlain@antasi binaan kepada fiber-
reinforced plastic (FRP). Objektif tesis ini ialahtuk mengkaji sifat mekanikal FRP
dengan berlainan orientasi bahan gentian kaca, iasatyhubung kait antara bahan
gentian kaca dengan bahan penguat, serta mematfi@milaku mekanikal bahan
tersebut. Plastik yang diperkukuh, atau dikenaliagai FRP ini mempunyai bahan
gentian kaca didalamnya. Masalah yang timbul daranikatan gentian kaca dan bahan
penguat resin menjejaskan kekuatan bahan ini, dais ini membincangkan sifat
mekanikal bahan ini dengan cara menjalankan ekaperiEksperimen yang dijalankan
laitu, ‘tensile test’ memfokuskan kajian tentanfatssifat mekanikal yang ditunjukkan
oleh specimen. FRP ini dihasilkan sendiri mengganalangan melalui teknik ‘tindih
dan tindih’, yang mana orientasi bahan gentian kaca berbeza, akhirnya mempunyai
kekuatan berlainan. Tujuan dijalankan eksperimenaiah bagi mengukur kekuatan
bahan dan melihat sendiri perubahan yang berlakadap FRP ini apabila dikenakan
daya. lanya diketahui bahawa menyusun bahan gekdizandengan betul, maka makin
kuat bahan tersebut.
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CHAPTER 1

INTRODUCTION

1.1 BACKGROUND OF STUDY

The term composite could mean almost anythingkénaat face value, since all
materials are composed of dissimilar subunits #nexed at close enough detail. But in
modern materials engineering, the term usuallyrsefe a “matrix" material that is
reinforced with fibres. For instance, the term “FRPor Fibre Reinforced Plastic)
usually indicates a thermosetting polyester mataxtaining glass fibres, and this

particular composite has the lion's share of t@deytnmercial market.

Many composites used today are at the leading eéigeaterials technology,
with performance and costs appropriate to ultra atefimg applications such as
spacecraft. But heterogeneous materials combiniveg lest aspects of dissimilar
constituents have been used by nature for millmfngears. Ancient society, imitating
nature, used this approach as well: the Book ofdHgospeaks of using straw to
reinforce mud in brick making, without which thedis would have almost no strength.
The fibres used in modern composites have streragitisstiffness far above those of
traditional bulk materials. The high strengths leé glass fibres are due to processing
that avoids the internal or surface flaws whichnmalty weaken glass, and the strength
and stiffness of the polymeric aramid fibre is anseguence of the nearly perfect
alignment of the molecular chains with the fibrésaXOf course, these materials are not
generally usable as fibres alone, and typically te impregnated by a matrix material
that acts to transfer loads to the fibres, and tdgarotect the fibres from abrasion and
environmental attack. The matrix dilutes the prtiperto some degree, but even so very

high specific (weight-adjusted) properties are latdé from these materials. Metal and



glass are available as matrix materials, but theeecurrently very expensive and
largely restricted to R&D laboratories. Polymers aruch more commonly used, with
unsaturated styrene-hardened polyesters having ntlagority of low-to-medium

performance applications and epoxy or more somhitetd thermosets having the higher

end of the market.
1.2 OBJECTIVES OF STUDY
i. To investigate the mechanical properties of ficaeglreinforced composite with

different build orientation.

ii. To determine the mechanical strength (tensile gthgrof fibreglass reinforced

composite.

1.3 SCOPES OF PROJECT
i. To prepare the sample specimen based on diffeneemtation of fibreglass
which are 0°, 90° and random.

ii. To examine the strength of the specimen by tetsgemethod using Universal

Testing Machine.

iii. To determine the specimen with the highest ultinsétength.

1.4 PROBLEM STATEMENT

Composites usually used in high technology appboatbecause of their
hardness and strength. However, fibre orientatiocomposite will affect the composite
strength in which different build of orientationlibe used. Stress distribution will be

varied according to the orientation of fibre.



CHAPTER 2

LITERATURE REVIEW

2.1 INTRODUCTION

In this chapter, the importance and applicatiorthef composite materials at
several sectors will be discussed. This chaptdrimguired into the general properties
of the components that commonly used to producgnped composite materials which
are fibre glass, polyester and epoxy. Through ¢hepter, the details of the composite
materials can be understood in depth. The rolebuilfl orientation in mechanical
properties of the composite materials also canthdiest deeply. Hence, a suitable
composition of fibre and resin can be investigdtegroduce composite materials with

better performance.

2.2 COMPOSITE

Practically everything is a composite material ome sense. For example, a
common piece of metal is a composite (polycrysiafhany grains (or single crystals).
A composite material:

Consists of two or more physically and/or chemicdiktinct, suitably arranged

or distributed phases, with an interface separdtiegn. It has characteristics

that are not depicted by any of the componentssoiation (D. Calllister

William, 1985).

Most commonly, composite materials have a bulk ehadich is continuous,
called the matrix, and one dispersed, non-contiauphase called the reinforcement,

which is usually harder and stronger.



The concept of composite materials is ancientotoline different materials to
produce a new material with performance unattamdiyl the individual constituents.
An example is adding straw to mud for building stger mud walls. Some more recent
examples, but before engineered materials becammipent, are carbon black in
rubber, steel rods in concrete, cement/asphaltdnith sand, fibreglass in resin etc. In
nature, examples abound: a coconut palm leaf, losufibres in a lignin matrix

(wood), collagen fibres in an apatite matrix (boete)

The essence of the concept of composites is thesbailk phase accepts the load
over a large surface area, and transfers it toréiorcement, which being stiffer,
increases the strength of the composite. The sigmée here lies in that there are
numerous matrix materials and as many fibre typelsich can be combined in

countless ways to produce just the desired pragserti

Most research in engineered composite materialsbleas done since 1965.
Today, given the most efficient design, of say aroapace structure, a boat or a motor,
we can make a composite material that meets oreescde performance requirements.
Most of the savings are in weight and cost. Thesengasured in terms of ratios such

as stiffness/weight, strength/weight, etc.

2.2.1 Definition of composite materials

The definition of a composite depends on the cdntéeamposites are materials
that utilize the combination of its constituents itcrease a desired performance
characteristic. Using this definition, the peactlitsteels may be thought of as a
composite material formed by the combination ofriferand cementite phases in
alternating lamellae. The hard, brittle cementdambines with the soft, ductile ferrite to
form a composite that has reasonably high streafiithg with some ductility. The
present discussion will not focus on these natyradlcurring composites, but rather
those that are man made. These have phases thehieargcally dissimilar and have a
definite interface. Composites such as these haen leveloped to improve the

strength, stiffness, and toughness of availablerzs.



A composite material may consist of many materjal$ together in many
different ways. A simple example is material cotisg of two phases. The matrix
phase is continuous and forms the shape in whiehdiBpersed phase acts as a
constituent. There are different types of dispersiegise. It can be of a particle nature,
meaning each particle is equiaxed, or it can be fbrous nature, where the dispersed
phase is a filament. The type of dispersed ph&searientation (for the fibrous type),
size, relative amounts, and material propertiesalliffect the properties of the overall

material.

2.2.2 Classification of composite types

Composite are classified by the geometry of thefoecement

Matrix Phase

A 4 A 4 A 4
Metal Polymer Ceramic

Figure 2.1 Matrix phase

The matrix phase is an essential part of the coit@a@®mposition. Matrix
materials can consist of a metal, polymer or am@raPolymer matrices are the most
common followed by metal and ceramics. The matimage has several important
functions with respect to fibreous reinforced cosifEs. The matrix acts to hold all
reinforcements together thereby allowing the appli®rce to transmit to the
reinforcement (L. Lehman Richard, 1999).

The matrix, due to its inherent ductility, does watry a significant portion of

the applied load. Instead the load is transmittethé fibres. In order for this to occur



the composite constituents must have a IHibre to matrix strength rad. This can bt

seen in Figure 2 below.

Stress

Matrix

Sirain Strain

Figure 2.2: Stress Strain curves of composite constitue

Other functions of the matrix include protectiontbé compositefibres from
damage and tprevent crack propagation within the material. Agibe bonding force
between the fibie and th matrix are essential in preventing separation ef tivo
materials. This separation of tfibre from the matrix is called “pulbut”. The bondinc
force betwen the two phases must be large to preven from occurring. Bondin

forces play an important role in the overall loatrging characteristics the material.

2.3 POLYMER-MATRIX COMPOSITES (PMCs)

i. Matrix made from a polymer re:
ii. Fibres act aseinforcement mechanis
iii. Most widely used of all composil

iv. Low cost/ Easily manufactur



Polymer-matrix composites (PMCs) can be groupetiriee different categories.
The grouping is based to a large degree on thedf/fibre reinforcement utilized in the
composite matrix. A variety of polymers may be usmdeach type of PMC. The three
groups are glass fibre-reinforced polymer (GFRRYbon fibre-reinforced polymer
(CFRP), and aramid fibre-reinforced polymer comiassiPeter Morgan, 2005). This
grouping is shown in Figure 3.

PMCs
A\ 4 A\ 4 Y
Carbon Fibe- Carbon Fibe- Carbon Fibe-
Reinforced Polymer Reinforced Polymer Reinforced Polymer
(CFRP) (CFRP) (CFRP)
A\ 4 A 4 \ 4
“Carbon Fiber” “Carbon Fiber” “Carbon Fiber”

Figure 2.3 Grouping of polymer-matrix composites

2.4  GLASS FIBRE-REINFORCED POLYMER COMPOSITES (GFRP)

Glass fibre-reinforced polymer composites (GFRPOmmonly known as
fibreglass composites are the most widely used llot@mposites. GFRP is fibre-
reinforced plastic made of a plastic reinforcedibg fibres made of glass . The plastic
is thermosetting, most often polyester or vinylesteut other plastics, like epoxy
(GRE), are also used.



2.4.1 Applications

GFRP is an immensely versitile material which camabi lightweight with
inherent strength to provide a weather resistanigHi with a variety of surface texture

and an unlimited colour range available (Loewenst€d73).

GFRP was developed in the UK during the Second &\WMar as a replacement
for the molded plywood used in aircraft radomes RBFbeing transparent to
microwaves). Its first main civilian application gsvdor building of boats, where it
gained acceptance in the 1950s. Its use has breddenthe automotive and sport
equipment sectors, although its use there is b&ikgn over by carbon fibre which
weighs less per given volume and is stronger bptholume and by weight. GFRP uses
also include hot tubs, pipes for drinking water aswlvers, office plant display

containers and flat roof systems.

Advanced manufacturing techniques such as pre-meddibre rovings extend

the applications and the tensile strength possititefibre-reinforced plastics.

GFRP is also used in the telecommunications ingdstr shrouding the visual
appearance of antennas, due to its RF permealdliy low signal attenuation
properties. It may also be used to shroud the Viappearance of other equipment
where no signal permeability is required, such@smment cabinets and steel support
structures, due to the ease with which it can b&dedy manufactured and painted to
custom designs, to blend in with existing strucduoe brickwork. Other uses include
sheet form made electrical insulators and otheicgiral components commonly found

in the power industries (Dominick V Rosato, 2004).



2.4.2 Physical properties

The properties of GFRP composites are measuregatine way that traditional
materials are measured so that comparisons can due rfor evaluation. Typical

measurements include:

Impact Strength —There are two primary impact tests is called IZOD impact and the
other is called Charpy impact. IZOD impact meastinesenergy required to fracture or
break a material when it is struck on its edge. r@hampact measures the energy

required to damage or puncture a material whenstruck on its front surface.

Tensile Strength— Measures how much of a load &nmaatan take before it fractures
or breaks when it is in the process of being stexdqYunkai Lu, 2002).

2.5 FIBREGLASS

Fibreglass, (also called fibreglass and glass )ibre material made from
extremely fine fibres of glass. It is used as anfmeting agent for many polymer
products; the resulting composite material, progp&rown as fibre-reinforced plastic
(FRP) or glassfibre-reinforced plastic (GFRP), afledd "fibreglass" in popular usage.
Glassmakers throughout history have experimenteth wiass fibres, but mass
manufacture of fibreglass was only made possibté e invention of finer machine
tooling. In 1893, Edward Drummond Libbey exhibited dress at the World's
Columbian Exposition incorporating glass fibreshwibe diameter and texture of silk

fibres. This was first worn by the popular stageess of the time Georgia Cayvan.

What is commonly known as "fibreglass" today, hogrewas invented in 1938
by Russell Games Slayter of Owens-Corning as ariahte be used as insulation. It is
marketed under the trade name Fibreglas, whictbéasme a genericized trademark. A
somewhat similar, but more expensive technologyl dse applications requiring very

high strength and low weight is the use of carbbref
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Figure 2.4 Bundle of fibreglass

2.5.1 Formation

Glass fibre is formed when thin strands of silieeséd or other formulation glass
is extruded into many fibres with small diametargable for textile processing. Glass,
even as a fibre, has little crystalline structusee(amorphous solid). The properties of
the structure of glass in its softened stage arg meich like its properties when spun
into fibre. One definition of glass is "an inorgarsubstance in a condition which is
continuous with, and analogous to the liquid staftehat substance, but which, as a
result of a reversible change in viscosity durioglig, has attained so high a degree of

viscosity as to be, for all practical purposesidrig.oewenstein, 1973)."

The technique of heating and drawing glass inte fibres has been known for
millennia; however, the use of these fibres fotitexapplications is more recent. Until
this time all fibreglass had been manufactured taples When the two companies
joined to produce and promote fibreglass, theyothiced continuous filament glass
fibres (Loewenstein, 1973). Owens-Corning is $ti# major fibreglass producer in the
market today.The first commercial production ofréiplass was in 1936. In 1938,
Owens-lllinois Glass Company and Corning Glass Wqdined to form the Owens-
Corning Fibreglas Corporation. Two types of fibeegd most commonly used are S-

glass and E-glass. E-glass has good insulationepiiop and it will maintain its
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properties up to 1500 °© F(815 °C). S-glass hagl tansile strength and is stiffer than
E-glass.

2.5.2 Properties

Glass fibres are useful because of their high rafisurface area to weight.
However, the increased surface area makes them moch susceptible to chemical
attack. By trapping air within them, blocks of gld#re make good thermal insulation,
with a thermal conductivity of the order of 0.05(WK) (David P. De Witt,1990).

Glass strengths are usually tested and reportetiviigin” fibres: those which
have just been manufactured. The freshest, thirfieet are the strongest because the
thinner fibres are more ductile. The more the s&fia scratched, the less the resulting
tenacity (Volf, Milos B, 1990).. Because glass hasamorphous structure, its properties
are the same along the fibre and across the fiGugpta, 1997). Humidity is an
important factor in the tensile strength. Moistiseeasily adsorbed, and can worsen

microscopic cracks and surface defects, and ldesagity.

In contrast to carbon fibre, glass can undergo netwagation before it breaks
(Gupta, 1997). There is a correlation between bendiameter of the filament and the
filament diameter (Melliand Textilberichte, 1963he viscosity of the molten glass is
very important for manufacturing success. Duringwing (pulling of the glass to
reduce fibre circumference), the viscosity showdddélatively low. If it is too high, the
fibre will break during drawing. However, if it t®o low, the glass will form droplets

rather than drawing out into fibre.

2.5.3 Uses

Uses for regular fibreglass include mats, thermsiiliation, electrical insulation,
reinforcement of various materials, tent poles,nsbabsorption, heat- and corrosion-
resistant fabrics, high-strength fabrics, arrowmsy$ and crossbows, translucent roofing

panels, automobile bodies, electrical insulatiot boat hulls.
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2.6 POLYMER

A polymer is a large molecule (macromolecule) cossub of repeating
structural units typically connected by covaleneriical bonds. While polymer in
popular usage suggests plastic, the term actuedérs to a large class of natural and
synthetic materials with a variety of propertieshefe are two basic types of

plastics/polymers: thermoplastic and thermoset.

In general, FRP composites utilize a thermosetiplds addition to these basic
characteristics, polymers provide the FRP compodisigner with a myriad of
characteristics that can be selected, dependinghenapplication. Combined with
reinforcement of the polymer matrix, a vast ran§etmaracteristics are available for

FRP composites

2.6.1 Thermoplastic

A plastic in which the polymer molecules are natssitinked (not chemically
bonded to other polymer molecules) is a thermoigla§ince the molecules are not
connected by crosslinks, it allows the moleculespiead farther apart when the plastic
is heated. This is the basic characteristic ofeantioplastic; the plastic will soften, melt,
or flow when heat is applied. Melting the plasti@aallowing it to cool within a mold
will form the finished product. Typical thermopla&st are: polyethylene (PE)- used in
making garbage bags; polyvinyl chloride (PVC)- uskd house siding; and
polypropylene (PP)— used as carpet fibres, pacigagimd diapers (Michel Biron, 2004).

2.6.2 Thermoset

A plastic in which the polymer molecules are crimg&d (chemically bonded)
with another set of molecules to form a "net like" "ladder-like" structure is a
thermoset. Once crosslinking has occurred, a thegtalastic does not soften, melt, or
flow when heated. However, if the crosslinking ascwithin a mold, the shape of the

mold will be formed. Typical thermoset plastics:anasaturated polyester (UP)— used
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for bowling balls and boats; epoxy— used for adhlesand coatings; and polyurethanes

(PURs)— used in foams and coatings.

Cross link

(a b}

Figure 2.5 (a) Thermoplastic ,(b) Thermoset

2.7 UNSATURATED POLYESTER

Unsaturated polyester are obtained by the reacbetween di-acids or
anhydrides containing a proportion of double bosaadd diol or glycol. The unsaturated

polyesters can be modified, for example with:

i. Melamines

ii. Isocyanates

Consequently, the neat unsaturated polyester résins varied properties that
filing and reinforcement diversify even more toadeto a very broad range of
characteristics and uses. Unless otherwise spéctfie indications that follow relate to

the most current types.
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2.7.1 Mechanical properties

The mechanical properties, rigidity, impact resis&a and creep are very
variable according to the grades and the reinfoert#sa However, generally, the
behavior is satisfactory and allows many mechangaplication applications as
composite matrices. Figure 6, and 7 indicates theerpl evolution of the main
mechanical properties of the resins and compoagédhe fraction and the length of fibre
increase.

1000

MPa

increasing of % and lenpth of fbres

Figure 2.6 Unsaturated polyester. Tensile strength versasmédength of fibre

2000 TR

|

increasing of % and lemgth of fibres

Figure 2.7 Unsaturated polyester. Notched impact versus &demrgth of fibre

2.7.2 Uses

The unsaturated polyester are the first class rfdrigeneral purpose, mass-produced

composites with a good technical level, generallghwglass fibre reinforcement:
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shipbuilding, automotive and railway bodies, amtirosive, electricity, tank, etc
(Michel Biron, 2007).

2.8 EXPERIMENT METHOD
2.8.1 Tensile Test

Tensile test is used to evaluate the strength miposite. In this test a composite
sample is pulled to failure in a relatively shame at a constant rate. Before testing,
two small punch marks are identified along the Bpen’s length. The ability of a
material to resist breaking under tensile stresmes of the most important and widely

measured properties of materials used in strucapplications.

Using the recorded data, the nominal or engineesingss is found by dividing the
applied loadP by the specimen’s original cross sectional aa,

A 2.1)

The nominal or engineering strain is found by divgdthe change in the specimen’s
gage lengthy (J=L-L,) by the specimen’s original gage lengtl,

Ly (2.2)

The resulting curve is called the stress-straingrdian. The yield strength,
ultimate tensile strength, breaking strength armbtal or of a material can all be
determined from this curve. The curve shown in Feg@.8 is typical of metallic
behavior. At small strain values (the elastic ragjiahe relationship between stress and
strain is nearly linear. Within this region, them of the stress-strain curve is defined
as the elastic modulus. The point at which thig lintersects the curve is called the
yield point or the yield stress. The ultimate téngtrength, in contrast, is found by

determining the maximum stress reached by the rab{er. Pilkey Walter, 2005).



16

stress G

strain, &

Figure 2.9 Stress-strain diagram

2.9 MEASURING INSTRUMENTATION

2.9.1 Tensile Machine

The machine used for this testing is Instron Tenslachine. Samples will be
clamped at each end before it is stretched umlgtures. The crosshead speed was set

during testing and must be uniform throughout &s#.t

The common data recorded by the machine are YoukWpdulus (MPa),
Tensile strength (MPa) and extension at breakrams{%). All data and graph will be
automatically recorded by the system. The machare test wide range of materials

from plastics to rubber and even thermoset comgasit



Figure 2.1Q Universal Tensile Machine
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CHAPTER 3

METHODOLOGY

3.1 INTRODUCTION

The overall project is represented by the projexw fchart as shown in below.
For this chapter, methodology is mainly about tkplaation of the progress in this
project. Besides that, this chapter will also shbe overview of the project and the
progress from the beginning until the end of thejqmt.
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3.2 GENERAL EXPERIMENT PROCEDURE

o

Hand Lay-up
-different orientation

(—

Specimen Preparation
-cutting

(—

Specimen Test
-tensile test

(—

Result analysis
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3.3 MATERIALS

The fibreglass is made from chopped strand mat)(&ibne type. Tools and

materials that are needed in preparing the fibesglainforced composite are;

i.  Fibreglass (chopped strand mat)
ii.  Thermosetting resin (polyester type)
iii.  Hardener (react as accelerator)
iv.  Roller
v. Zinc (mould)

vi.  Safety tools (eye protection, mask)

3.4 MOULD PREPARATION

The mould is used for the hand lay-up processke tdace. The type of mold

used is open mold. The mould is prepared from ithe z
The dimension of the mould are:
i. Length, L=210 mm

i.  Width, w=110 mm

iii. Thickness, t= 5 mm

110mm

S5mm I
[

210mm

Figure 3.1 Open Mould
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3.5 EXPERIMENT DESIGN

3.5.1 Build Orientation

In this study, the mix proportion (length, volumend combination way of

fibres) and in each mix proportion, three typeibfd orientation were prepared that is

0°,90°, and random were chosen as parameters.

(a) (b) (c)

Figure 3.2 (a) 90°, (b) @, and (c) random

Matrix Fiber
‘®
4
o : %
I .
5mm -
l A
| T
200mm

Figure 3.3 The size of specimen according to ASTM D30396F orientation
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3.6 HAND LAY-UP PROCESS

Also called contact moulding. It is a productionchirique suitable fc
prototypes and low volume productionfibre composite material parts. The compo
part will have a nice smooth surface on one sidkaawery rough one on the other. 1
fibres are manually placed into a «sided ofmould. A matrix of thermosetting resin
rolled onto the fibre using an hancoller. More layers can be added and, after dry
the composite part can be removed from the mouwdyEo controfibres orientation
(R. Schmid Steven, 2001)

Furthermore, the process is very flexible as itjgarduce from very small, up
very large part of different kinds of geometry. The cycladiper part is very long, ai
only small series can be produc

Polyester Hand
Resin ﬁ V Rollet
Fibre-
glass |

Mould

Figure 3.4 Hand lay-up
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3.7 SPECIMEN PREPARATION

In preparing the specimens, the fibreglass is foamed to laminates, which is
by using hand lay-up technique with thermosettiaginm so in later it will become
fibreglass reinforced composite. The fibreglastrét arranged in the mold one by one

in three type of build orientation for each platéaminate.

Resin is prepared with the hardener or acceleemtdrmixed together. The used
of accelerator is necessary because without itrékan does not cure properly. After
adding the hardener, it should be left for someetso that the bubbles formed during
stirring may die out. The amount of added hardesm@uld be so high because it will
affect the time of the solidifying of the matrix.

After mixing theresin with the hardener is complete, the laminategss take
turns. Then, the resin is spread uniformly overftheeglass and is rolled all over it by
using a roller. This is because the resin neecetmmhde sure that is blend perfectly in
the mold and if not, the fibreglass will not solidperfectly. The resin is used up till
finish on all over the surface. When this finide taminate are left to be solidified by

itself about 24 hours.
When all laminates are fully solidified, they themoved from the mold. Then,
specimens that are need in experiment are cut tiese laminate. T-jaw machine

cutter will be used to cut the laminate to theedfications of sample needed.

Specifications of samples on the tensile test asedccording to ASTM D3039.
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3.8 TENSILE TEST

The specimens shape use in tensile test must &eaefto the standard as done
in ASTM D3039 so data that come out after theaestmuch preferable.

Progress involve during in the experiment are;

I.  Specimens going to be tested are prepared.
ii.  All information needed for tensile test machinegreonmed is put in. Load used
is 50 kN, while thickness of specimens are varies.
iii.  Specimens are clamped to the jaws and the teshidata that come out from
the computer is logged in.

iv.  The test is continued until all specimens are teste

Table 3.1:Table of data for tensile test (laminates with @°and random

orientation of fibreglass used)

Num. Max Max Load Max Stress Max Strain
Displacement (kN) (MPa)
(mm)
1
2
3
4
5

Average maximum displacement = sum of maximum disghent
5 (3.1)

Average maximum load = sum of maximum load

5 8.




25

Average maximum stress = sum of maximum stress
5 (3.3)

Average maximum strain = sum of maximum strain

5 48

Table 3.2: Table of Young’'s Modulus, E (MPa) fof,dandom and 90° orientation of
fibreglass

Young’s Modulus, E (MPa)

Q° Random 9Q°

Average

Average Young’s Modulus = sum of Young’'s Modulus
5 (3.5)

200mm
120mm

s

I 20mm

= 5mm

Figure 3.5 The dimension of tensile specimen according$3 M D3039
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CHAPTER 4

RESULT AND DISCUSSION

4.1 INTRODUCTION

In order to obtain the mechanical properties of fthbricated composite
laminates, tensile test was conducted. In this telmathe details of test specimens for

each category were discussed.

4.2 DATA

All data and graphs are generated by computernidehine just need to be set

up properly before run the test. Values that appéathen be taken.

4.3 TENSILE TEST

Details of specimens use for tensile test are l&sifp
Material: Fibreglass (chopped strand mat laminai#is polyester resin)
Samples: Follow on ASTM D3039

Samples are categorized to three type that isrikatation of fibreglass.

As mention, tensile test is for measuring thergjtie of the material. During the
test, load is given, and fibreglass tends to eltgh it fracture suddenly. Values and
graph is generated in the computer straight framabtion. Figure 4.1 below shows the

fracture of the sample.
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Figure 4.1 Sample condition (break) after given load of 6@&ntation of fibreglass

From the result value generated by the computer, kwew the value of
displacement, load, stress, and strain achieveeaoh sample. Table 4.1 to 4.3 views

the value generated by computer in tensile test.

Table 4.1:Result of tensile test (Fibreglass with 0° orientgt

Num. Max Max Load Max Stress Max Strain
Displacement (KN) (MPa)
(mm)
1 0.741 0.691 6.910 0.0062
2 0.764 0.786 7.860 0.0063
3 0.546 0.649 6.490 0.0046
4 0.431 0.349 3.490 0.0029
5 0.587 0.628 6.280 0.0049

Average maximum displacement = 0.6138 mm

Average maximum load =0.6206 kN
Average maximum stress = 6.260 MPa
Average maximum strain =0.0049

By using fibreglass with 0° orientation, the ageranaximum load is 0.6206 kN
with the highest strength achieved is 0.786 kN. fRaximum strain, the average value

is 0.0049 which the average maximum displacense®tG138 mm. So, the sample only
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elongates just a little before tends to break. fFegu2 and 4.3 below is the load versus

displacement graph and stress versus strain résglgctenerated from the computer.

0.8 ~
0.6 -
0.4

0.2 -

Load ,kN

fa} V .
A T T T T T T 1

-0.2 EP 0.2 0.4 0.6 0.8 1 1.2 1.4
-0.2

Displacement,mm

Figure 4.2 Graph of load versus displacement using fibrexigigh 0° orientation

For this graph, the y-axis refers to load of tengsed to do the tension while the
x-axis is the displacement of elongation of the glantll it break. The graph shows that
the maximum load reached is about 0.69 kN and diosman straight to zero at around

0.74 mm of displacement.

6 -
5 .
©
Q.
s 4 -
2
$ 3 1
&
2 .
1 .
r O T T T T T 1
-0.2 1 0 0.2 0.4 0.6 0.8 1 1.2

Strain (%)

Figure 4.3 Graph of stress versus strain using fibreglasis @f orientation
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This is the stress versus strain graph for the &almp using fibreglass with 0°
orientation. The peak of the graph is called ultartensile strength (UTS), which refers
to maximum load given to pull the sample to itseasion. First, the fibreglass will
undergo elastic deformation, which is the streggaportional to the strain. As the load
is increases, stress is also increases and salop@gates more. At some level, it we can
see here that the graph is suddenly falls to Zdeye, before it reach the peak, the
specimen at some level first goes into plastic ae&tion. Stress is increase and
fibreglass elongates till the maximum strength o@mi After that, the graph falls down
to zero, means the sample does not go into nedef@mation, instead it goes straight

to fracture.

Table 4.2:Result of tensile test (Fibreglass with randomraegon)

Num. Max Max Load Max Stress Max Strain
Displacement (kN) (MPa)
(mm)
1 2.491 1.467 14.67 0.0207
2 2.504 1.572 15.72 0.0208
3 2.128 1.374 13.74 0.0177
4 1.967 0.949 9.490 0.0163
5 2.116 1.095 10.95 0.0176

Average maximum displacement = 2.2412 mm

Average maximum load =1.2914 kN
Average maximum stress =12.91 MPa
Average maximum strain =0.0186

For sample fibreglass with random orientation,salnples show an increase in
maximum load volume. Four of them have more th&ilload of strength. The values
also show that the more load given, the more stseapplied to the sample. Figure 4.4
and 4.5 below is the load versus displacement grapti stress versus strain

respectively, generated from the computer.
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1.8 4
1.6 -
1.4 -
1.2 -

0.8
0.6
0.4
0.2

0 T T T T )

02 ¢ 0.5 1 15 2 2.5 3

Load ,kN

Displacement,mm

Figure 4.4 Graph of load versus displacement using fibregpleith random orientation

For figure 4.4, this graph is on specimens fikasglwith random orientation.
The maximum load is higher than the previous lo&stussed, but still has a same
pattern of graph. As can be see, the graph alodalvn to zero as it reaches the peak

of tensile strength.
18 -

16 -

14 -

10 -

Stress, Mpa
(0]

Strain (%)

Figure 4.5 Graph of stress versus strain using fibregla$is indom orientation
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As for stress versus strain graph, it also showasttte fibreglass turns to fracture
without having necking deformation. The stressrmiad 14 MPa and the strain is near
0.02.

Table 4.3:Result of tensile test (Fibreglass with 90° origotg

Num. Max Max Load Max Stress Max Strain
Displacement (kN) (MPa)
(mm)
1 2.724 3.406 34.06 0.0227
2 2.598 3.324 33.24 0.0216
3 2.521 2.945 29.45 0.0210
4 2.462 2.763 27.63 0.0205
5 2.713 3.073 30.73 0.0226

Average maximum displacement = 2.6036 mm

Average maximum load = 3.101 kN
Average maximum stress = 31.02 MPa
Average maximum strain =0.0216

For samples fibreglass with 90° orientation, them more increases values in
maximum strength of material. Only two sample giwad lower than 3 kN. These
values also can be understand that more load sefoeris given to pull the sample, the
longer of displacement take place, and the higherstress is become. Figure 4.6 and
4.7 below is the load versus displacement graphsameds versus strain respectively,

generated from the computer.
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3.5

2.5 4

1.5 A

Load ,kN

0.5 -
0 T T T T T T 1
-0.5 j) 0.5 1 1.5 2 2.5 3 3.5

Displacement,mm

Figure 4.6 Graph of load versus displacement using fibregglgish 90° orientation

Here is the graph of load versus strain using ispats fibreglass with 90°
orientation. The pattern of the graph is also samith two graphs. Here, plastic
deformation can be see more clearly as yield stedssplace at around 3 kN. Necking

deformation also does not occurred in this graph.

40 -+

35

25 A

20 -+

Stress, Mpa
=
(6,
1

10

( 0.5 1 15 2 25 3

_10 |
Strain (%)

Figure 4.7: Graph of stress versus strain using fibreglasis 90° orientation
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For the stress versus strain graph, it shows plegtic deformation is taking
place, which the fibreglass stress is no more ptapwl to the strain. As load is given

exceed the maximum stress, the specimen goeshittaiffacture.

When refer to all graph of stress strain obtainedhows that the entire graph
falling straight down when it reach the peak. leslanot turn into necking deformation;
instead it acts like a brittle material. The grgyst falls down straight away, means the
fibreglass is totally break into two piece withagcking. This is proved by the test,
where fibreglass specimen does not have any nedkéfigrmation. Figure 4.8 is a

sample of fibreglass that fractures (R. Naslal®530

Figure 4.8 A piece of damaged specimen (no necking occurred)
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Table 4.4: Table of Young’s Modulus, E (MPa) fof,dandom and 90° orientation

Young’s Modulus, E (MPa)

nam 0° orientation Random orientation 90° orientation
1 11.145 7.087 15.004
2 12.476 7.558 15.389
3 14.108 7.763 14.024
4 12.034 5.822 13.478
5 12.816 6.222 13.597
Average 12.516 6.890 14.298

From the observation, it shows that the Young’'s Mod of the composite
varied from one sample to another. The 90° orieriasample shows the highest
Young’s Modulus compared to other samples. Greatiere of Young’s Modulus refers
to a tougher material. The existent of the fibreglan the sample make the composite
becomes tough. The combination of polyester anekdilass based on 90° orientation
make them hold the structure before the moleculgmlyester slip pass one another.
Besides that, the covalent bonding in the compdsilp the sample from setting slip
easily when the tensile force is applied. Highrsgth is needed to break the fibre that
holds the original material from breaking (Nicholas Warrior, 2009). The 90°
orientation of fibre had higher strain rate comptréd® and random orientation thus
resulting in high value of Young’s Modulus. Thishecause of the higher interaction
between the matrix and fibres. This situation hlaange the modulus of elasticity in

term of the strain rate of the composite.
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Table 4.5 below is the overall data for averageeahken from the tensile test

Table 4.5:Tableof all average value in tensile test

Fibreglass orientation

Average
0° Random 90°
Average max. displacement (mm) 0.6138 2.2412 2.6036
Average max. load (kN) 0.6206 1.2914 3.101
Average max. stress (MPa) 6.260 12.91 31.02
Average max. strain 0.0049 0.0186 0.0216
Average Young's Modulus (MPa) 12.516 6.890 14.298

From the test, it observed that 90° orientatiorfiloérglass is the highest in
tensile strength from other orientation. This icduese the arrangement of fibreglass
with 90° orientation to the loaded given is patalkhich means more load needed to
create tension, till it break the sample comparehi® 0° orientation and random
orientation of fiberglass. The 0° orientation dbdiglass is perpendicular to the load
given, which means lower load is needed to breakstimples. So, for the composite
with 0° orientation of fibreglass tends to breakilyacompare to other (Paul Gramann,
2003). The tensile strength of random orientat®tower than 90° orientation because
of the random orientation cannot hold the strugtufiethe composite as well as the 90°
orientation. This is also because the increasiageisf fibreglass in the 90° compare to
the random orientation. As the fiberglass increatieal higher the bonding between the

fibre and matrix will become, thus resulting in igtrength.
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CHAPTER 5

CONCLUSION

5.1 CONCLUSION

The objective of this project is to study on thecimmnical properties of

reinforced plastic and fibreglass specifically.

From observation, and graph obtained, it shows fhmeglass have high
strength but still acts like a brittle material.ig's proved by stress versus strain graph
which no necking deformation occurred. The valuemaximum strain between each
three group are also not quite varies with eackrotivhich also means it goes straight

to fracture without necking.

Hence, it can be conclude that by arrange thedibss properly, the strength of
laminate (specimen) becomes stronger. The vari@hsevobtained on each sample
depends on the strength bonding between fibre asdh rmatrix, because load is

transmitted through the fibre matrix interface.

The fibreglass also have superior mechanical pti@gewhich is better tensile

strength and toughness.
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5.2 RECOMMENDATIONS FOR THE FUTURE RESEARCH

For a better strength, the use of adhesion aintieeface (resin) can be improved
by special treatments, such as coatings and caupljents. Fibreglass, for example ,
are treated with a chemical called silane (a silibgbride), for improved wetting and
bonding between the fibre and matrix. Another waylike using other type of resin

such as epoxy resin which has better propertiesbé/ester resin.
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Project Gantt Chart for FYP |

Project Progress

1) Get the project title and arran¢

discussion time with supervis

2) Built the basic knowledge abc

the project

3) Do research and collect tl

information from various resourc

4) State the objective, scope ¢ [Planning
importance of the study Actual
5) Revew study of composite Planning
journal and thesis Actual
6) Study of composites and | Planning
application Actual
7) Study of fibrglass and it Planning
applications Actual
8) Desgn the step of preparatic |Planning
of the project Actual
9) State the overview of tt Planning
experiment’s procedures Actual
10) Prwvide the expected rest Planning
based on previous research Actual
11) Sulnit draft report and lo Planning
book for final year project Actual
12) Final year project 1 Planning
presentation Actual
-Planning

Actual
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Appendix A2: Project Gantt Chart for FYP Il
Project Progre:

19]20]21|22|23(24|25|26|27(28

1) Analyze the [Plannin
information

Actual

2) Apply Plannin
mechanical test

Actual

3) Analyze date |Planning
and records

Actual
4) Result anc Planning
discussion

Actual

5) Conclusion Planning

Actual

6) Report writing |Planning

Actual

7) Presentation |Planning
with supervisor

Actual
8) Final _ Planning
Presentation Actual
9) Submit report |Planning

Actual
10) Submit Final [Planning
Report Actual
-Planning

Actual
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Appendix B: A sample of fracture specimen after gien tensile test for (a) 90 °, (b)
random and (c) O ° orientation

(a) (b) (c)
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