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SUMMARY

Currently Fibre-Glass (FG) is the most widely used reinforcement in polymer
composites. However, GF or fibre @is very expensive and non-biodegradable hence
the need for alternative reinforcement materials that are less expensive like natural fibres.
Natural fibre reinforced polymers (NFRPs) are widely used in engineering. Products of
NFRPs include garden hoses in which the polymer matrix is reinforced with cotton. Like
any other engineering material, however, NFRPs could fail due to fatigue. This occurs
under repeated or cyclic loading. While the tensile behaviour of these polymers has been
investigated to some fair extent, very little has been done on the investigation of fatigue

behaviour in natural fibres like sisal and Kenaf as well as their polymer composites

This project is aimed at simulating the failure of natural fibre reinforced polymers
(NFRPs) due to fatigue using CosmosWorks, sisal and kenaf in particular. This project
will run parallel with another project for SILUMBWE SYDNEY in which actual tests
will be done to determine fatigue failure. At the end of the project, the results will assist
Engineers to predict fatigue failure in NFRPs and recommend suitable applications of
these composites. This will be done by inputting material physical properties into the

software and then run the fatigue failure simulation.



CHAPTER ONE

1.0 INTRODUCTION

1.1 Background

The composite industry is quiet new. It has however, grown rapidly in the last few
years with the development of fibrous composites like glass-fibre reinforced polymers
(fibre-glass) and more recently, carbon-fibre reinforced polymer (CFRP) and natural
fibre reinforced polymers (NFRPs). But using the high strength of fibres to stiffen and
strengthen a weak, and mostly cheaper, matrix material is probably older than the
wheel. The processional way in ancient Babylon, one of the lesser wonders of the
ancient world, was made of bitumen reinforced with plaited straw. Straw and horse
hair, have been used to reinforce mud bricks (improving their fracture toughness) for
at least 5000 years. Paper is a composite, so is concrete; both were known to the
Romans. And almost all the natural materials which must bear load- wood, bone,
muscle- are composites. (Ashby and Jones, 1995)

NFRPs are widely used in engineering. Products of NFRPs include garden hoses in
which the polymer matrix is reinforced with cotton. Like any other engineering
material, however, NFRPs could fail due to fatigue. This occurs under repeated or
cyclic loading. While the tensile behaviour of these polymers has been investigated to
some fair extent, their fatigue behaviour is still the subject of on-going research.

1.2 Problem Definition

At present Glass Fibre (GF) is the most widely used reinforcement in polymer
composites. However, GF or fibre grass is very expensive and non-biodegradable
hence the need for alternative reinforcement materials that are less expensive like
natural fibres. Very little has been done on the investigation of fatigue behavior in
natural fibres like sisal, Kenaf and others as well as their polymer composites.




1.3  Projects Objective

The objective of this study were to simulate fatigue failure in NFRPs (sisal and kenaf)

using CosmosWorks. To achieve the project’s aim, the following were done;

. Studied the tensile and fatigue behaviour of sisal and kenaf and those of
polymers in general and polypropylene in particular.

. Studied fatigue failure in polymers in general and NFRP in particular

. Studied and understood Cosmos Works.

. Modeled the fatigue phenomenon in NFRP (Sisal and Kenaf) using
CosmosWorks and ran some simulations.

° Comparing simulation results with experimental results from another student
SILUMBWE SYDNEY 2010.

° Analysed the results and came up with the required models to predict fatigue
failure.

U Wrote a report.
1.4  Justification.

NFRPs just like any other engineering materials could fail due to fatigue. For most of
the engineering materials extensive simulations and tests of fatigue have been done
and results are readily available in the public domain, while for NFRPs particularly
sisal and kenaf, fatigue research is still in its infancy. Sisal and Kenaf can readily be
available in Zambia as the conditions for their cultivation are favoﬁrable due to good
climate and the availability of good arable soils. So there is need to simulate failure in
NFRPs due to fatigue.

This project ran parallel with another project in which actual tests were done to
determine fatigue failure. This project covers simulation only and its results were to

be compared with those obtained from the experimental project.

The results from this project can assist Engineers to predict fatigue failure in NFRPs

and recommend suitable applications of these composites.



1.5  Scope of work

This report presents the scope of work done on the simulation of fatigue failure in

Natural fibre reinforced polymers.



CHAPTER TWO

2.0 LITERATURE REVIEW

2.1 Introduction

Production of polymer composites has been rocketing worldwide. Production waste is
significant but waste management seems to be the most serious problem, hence
producers tend to use natural materials which are environmental friendly because they
are biodegradable. Application of natural fibres as reinforcing materials is a good idea
based on ecological considerations and that the inclusion of fibre reinforcement in
polymers can enhance many of the engineering properties of the basic materials, such
as fracture toughness, flexural strength and resistance to fatigue, impact, thermal
shock and spalling, but it also has other advantages. (Zoltian Mezey, 2002)

Since natural fibres cost less than any other fibres utilized in the industry, the price of
the product made of them is also much favourable. Due to the increasing economical
and environmental requirements towards the reinforcing materials of load-bearing
plastic structural elements, researchers are forced to develop stronger reinforcing
materials, reinforcing systems. For instant combining Kenaf fibre with other resources
provides a strategy for producing advanced composite materials that take advantage
of the properties of both types of resources. It allows the scientist to design materials
based on end-use requirements within a framework of cost, availability, recyclability,
energy use, and environmental considerations. Kenaf fibres are potentially
outstanding reinforcing filler in thermoplastic composites. The specific tensile and
flexural moduli, for example, of a 50% by volume of kenaf-polypropylene (PP)
composite compares favorably with a 40% by weight of glass fibre PP injection
molded composite (But glass fibre is comparatively very expensive). Results indicate
that Kenaf fibres are a viable alternative to inorga:ﬁc/nﬁneral—based reinforcing fibres
as long as the right processing conditions and aids are used, and for applications
where the higher water absorption of the lignocellulosic-based fibre composite is not
critical. (Roger M. Rowell, Anand Sanadi, Rod Jacobson, and Dan Caulfield 1996)



This is why intensive research has started all over the world for the past years, in
order to examine the possibility of building different environment-friendly organic
and inorganic reinforcing fibres into polymer matrix. Thus, apart from the traditional
glass- and carbon fibre reinforcement, new solutions appeared, such as natural fibres
(sisal, Kenaf, hemp, tropical plants, e.g. oil palm, coconut, pineapple etc.) or
composites containing mineral reinforcing fibres (basalt and ceramics). (Zoltan
Mezey, 2002)

2.2 Polymers

Polymers are better known to the general public as plastics, but it is a misnomer to
term all polymers as plastics. Polymers are generally classified into three categories;
thermoplastic polymers, thermosetting polymers and elastomers, better known as
rubbers. Polymers are noted for their low density and their use as insulators - both
thermal and electrical. They are poor reflectors of light, tending to be transparent or
translucent often in thin sections. Some of them are flexible and subject to

deformation. (Lyandenga Patience, 2007)

Polymers contain nonmetallic elements sharing electrons to build up large molecules,
called macromolecules. These large molecules contain many repeating units, or mers,
from which is obtained the term polymers. By using the term polymer, one often
means organic polymers. Basic ingredients of polymers such as ethylene and naphtha
are but two of the many products obtained in the cracking of crude oil. (Lyandenga
Patience, 2007)

The process of linking together of monomers is called polymerisation. The need to
start with the process of polymerisation lies in the necessity of breaking the double
bond (C=C) of the monomer. The repeating units of some polymer chains are
identical, as in polyethylene, polystyrene and polyvinyl chloride; these repeating units
are termed homopolars. Copolymers contain two different types of monomers such as
polyvinyl chloride mixed with vinyl acetate to produce polyvinyl acetate; terpolymers
such as ABS (Acrylonitrile—Butadiene-Styrene) contain three types of monomers.
Polymerisation mechanism may be of the following two types: Addition and
condensation polymerisation. (Rajput, 2004)



Addition polymerisation is the simpler of the two. The large molecules are chemically
added together by the use of heat and pressure in an autoclave, double bonds of
unsaturated monomers break down and then link up into a chain. These addition
reactions are atoms or group of atoms that attach themselves to the carbon atom at the
sites of multiple bonds. Such a polymerisation takes place in three steps, namely.

. Initiation

. Chain propagation

] Termination

(Rajput, 2004)

Condensation polymerisation is defined as the process of linking together of unlike
monomers accompanied by splitting of a small molecule. It yields a by-product which
is mostly water and the reaction normally takes hours and/or days. (Rajput, 2004)

2.2.1 Plastic

A plastic can be broadly defined as any non-metallic material that can be moulded to
desired shape or they are natural or synthetic resins, or their compounds, which can be
moulded, extruded, cast or used as films or coatings. The basic raw materials for
producing plastics are from coal, petroleum, limestone, salt, sulphur, air, water and
cellulose from cotton and wood. A molding composition for plastics is prepared from
the following raw material groups;

Binder: These may be either resins or cellulose derivatives; chemically both kinds of

materials may be described as substances made of compounds of very large molecular
weight. (Rajput, 2004)

Fillers: These are materials added to the plastic to improve its mechanical properties

and to make it economical. These are powder, fibrous, and laminated fillers.

Plasticisers: These chemicals are added to plastics to make them soft; to improve
their toughness at finished stage and to make them flexible. A plasticiser should be

chemically inert, non-volatile and non-toxic.



Colouring matter: This is usually in the form of pigments and dyes and often added
to monomers and gives the required colour to plastics. The colouring matter should be
durable and adequately fast to light. Commonly used dyes are organic (AZO dyes)
and mineral pigments (chromium oxide).

Lubricants: They facilitate molding operation by increasing the flow of the plastic
mix in the die and also to prevent sticking of the plastic to the moulds. Common

lubricants are mosallic soaps and stearates.

Catalysts: These compounds are added to accelerate the chemical reaction during the
process of polymerisation of plastics. These compounds also act as hardeners.
(Rajput, 2004)

222 Classification of plastics.

Most commonly, plastics are classified into two groups thus Thermoplastics and
Thermosetting plastics.

2.2.2.1 Thermoplastic materials

In thermoplastic materials the long chain-like molecules are held together by
relatively weak van der waals forces. A useful image of the structure is a mass of
randomly distributed long strands of sticky wool. When the material is heated the
intermolecular forces arc weakened so that it becomes soft and flexible and
eventually, at high temperatures, it is a viscous melt. When the material is allowed to
cool it solidifies again. This cycle of softening by heat and solidifying when cooled
can be repeated more or less indefinitely and is a definite advantage in that it is the
basis of most processing methods for these materials, it does have its drawbacks,
however, because it means that the properties of thermoplastics are heat sensitive. A
useful analogy which is often used to describe these materials is that like candle wax
they can be repeatedly softened by heat and will solidify when cooled. Examples of
thermoplastics are polyethylene and polyvinyl chloride. (Rajput 2004)



2.2.2.2 Thermosetting materials

A thermosetting material is produced by a chemical reaction which has two stages.
The first stage results in the formation of long chain-like molecules similar to those
present in thermoplastics, but still capable of further reaction. The second stage of the
reaction takes place during molding, usually under the application of heat and
pressure. The resultant molding will be rigid when cooled but a close network
structure has been set up within the material. During the second stage the long
molecular chains have been interlinked by strong bonds so that the material cannot be
softened again by the application of heat. If excess heat is applied to these materials
they will char and degrade. This type of behavior is analogous to boiling an egg. Once
the egg has cooled and is hard, it cannot be softened again by the application of heat.
Examples of thermosetting plastics are phenol formaldehyde, melamine formaldehyde
and polyester. Table 2.2.2.1 below shows the mechanical properties of thermoplastics
and thermosetting materials. (Rajput 2004)

Table 2.2.2.1 Mechanical properties of thermoplastics and thermosetting materials

Thermoplastics Thermeosetting
Properties Polystyrene Polyesters
Density(kg/m’) 1040 1100
Softening point (°c) 82-103
Thermal conductivity(W/mK) 0.09-0.21 0.17-0.19
Thermal expansion(/K) 0.00006-0.00008 0.0001-0.00005
Specific heat capacity(J/kgm) 1340-1466 1260
Tensile strength (MN/m®) 35-62 31-70
Compressive strength (MN/m") 90-110 90-240
Young’s modulus (MN/m") 2410-4130 2800-7000

Source: Rajput 2004



223  Polyproepylene
Polypropylene (PP) is one of the commonest thermoplastics known. Since it is a
thermoplastic, PP has properties as above in section 2.2.2 classification of polymers
but is much lighter, stiffer, and more resistant to sunlight when compared to other
thermoplastics like PP. Some of its uses include making tubing, firm, bottles, cups,
electrical insulation, packaging etc.
Its chemical structure (composition) is as shown below.

H—H

1o

—C—C—
1
H—CH,
Pantly crystalline

(Ashby and Jones, 1995)

2.3 Introduction to Sisal

Sisal is obtained from the leaves of the plant agave sisalana and is now mainly
cultivated in East Africa, Brazil, Haiti, India and Indonesia (Nilsson, 1975: Mattoso et
al, 1997). It is grouped under the broad heading of the “hard fibres” among which
sisal is placed second to manila in durability and strength (Wending, 1947). And
yields a stiff fibre used in making rope. (The term may refer either to the plant or the
fibre, depending on context) It is not really a variety of hemp, but named so because
hemp was for centuries a major source for fibre, so other fibres were sometimes
named after it. Sisals are sterile hybrids of uncertain origin; although shipped from the
port of Sisal in Yucatan (thus the name); they do not actually grow in Yucatan.
(Nilsson). Evidence of an indigenous cottage industry in Chiapas suggests it as the

original location, possibly as a cross of Agave Angustifolia and Agave Kewensis.

" Sisal is considered a plant of the tropics and subtropics, since production benefits
from temperatures above 25 degrees Celsius and sunshine. The sisal plant has a 7-10
year life-span and typically produces 200-250 commercially usable leaves. Each leaf
contains an average of around 1000 fibres. The fibre element, which accounts for only
about 4% of the plant by weight, is extracted from the leaf either by retting, by






