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CHAPTER I 

 

MOTIVATION 
 

 

Fiber Reinforced Plastic (FRP) composites have been in use in place 

of metals for various industrial and other applications where weight 

reduction is the primary criterion without compromising the 

strength. The synthetic fibers have taken the FRP composites to a 

level where the strength is often superior to some of the metals and 

thus are becoming popular choice for specific applications. However, 

from environmental point of view, synthetic fibers are causing a 

serious ecological concern in terms of disposal. The two major oil 

crises (1973-134% and 1990-113% price rise) and, as a result, a 

sharpened awareness for the finite nature of fossil resources, a 

critical increase in the release of CO2 “greenhouse” gases into the 

atmosphere as a result of burning fossil resources and a drastic 

increase in the volume of waste has led the researchers to look for 

alternative materials to make the composites more eco friendly 

which further necessitated the study of their properties. Continuous 

and accelerated depletion of petroleum also poses a threat to the 

availability of plastics and resin related products which ultimately 

results in loss of economic edge of composites over conventional 

materials. Although it is unlikely that the use of products made from 

renewable resources will provide a complete solution to the pressing 

problems of industrial society, a number of new approaches have 

begun to emerge which might lead to evolution of newer material 

trends.  
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1.1 Composites-definition and characteristics 

 

Materials having two or more distinct constituent phases may be 

considered as composites. In other words, a composite material is 

obtained by combining two or more materials on a macroscopic 

scale such that the constituents are not soluble in each other and 

can be distinguished by the visual inspection. Fibers of high 

strength embedded in a resin of marginal strength with distinct 

interface between them forms a composite material. Both fiber and 

resin retain their physical and chemical identities, yet they produce 

a combination of properties that cannot be obtained with any one of 

these materials individually. Composites can also be of different 

material combinations like reinforced cement concrete, metal fiber 

reinforced plastics etc. But FRP composites are more popularly 

known as composite materials. FRP composite, the wonder material 

with high strength-to-weight ratio has come a long way in replacing 

the conventional materials like metals, woods and plastics in quite a 

few industrial applications. Also, it is quicker and economical to 

fabricate FRP components as compared to some of the conventional 

materials. 

 

1.2 Evolution of composite materials 

 

In the history of mankind the instances where two or more 

materials were combined for improving the performance can be 

traced back to more than 5000 years. Reinforcing of the mud walls 

of houses with bamboo and straw since ages (even today) can be 

seen in Indian sub-continent and African continent. Bricks were 

made using mud and straw by Israelites thousands of years ago. 

Gluing wood for making laminated armored shields and chariots by 

Egyptians (1500BC), forging laminated metal to make the finest 
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swords (Samurai) by Japanese are only some of the glaring 

examples of mankind’s recognition of the superiority of composite 

materials to employ them for better performance. However, the use 

of composite materials has increased enormously in 20th century as 

the engineering industry had recognized the necessity for lighter 

and stronger materials with growing demand for fuel efficient 

devices, particularly in aero-space engineering. Technological 

development coupled with growing customer expectations continue 

to raise the demand for lighter and stronger materials, thus pushing 

the research perennially to newer heights. One great advantage of a 

composite material is that, when well designed, it usually exhibits 

the best qualities of the constituent materials and often those 

qualities neither of the constituents possesses. In nature too, plants 

have in-built composite structures while birds are seen making best 

use of composite materials instinctively.   

 

1.3 Invention of fiber glass 

 

Early 20th Century (1930s) saw the advent of modern composites 

with invention of glass fiber.  Annealing of these fibers made them 

less brittle and more compatible for reinforcing applications and 

thus are commonly referred to as “fiberglass”. Resins are reinforced 

with fiber glass and were extensively used to make boats in the 

very beginning, succeeded by small aircraft parts and many other 

house hold gadgetry as time elapsed. Not long afterward, 

“unsaturated polyester” resins became available in 1936 and they 

eventually became the preferred resins because of their relative 

ease of curing as compared to phenolics. Higher performance resins 

also became available about this time with the invention of 

“epoxies” in 1938. Fiber filament winding technology was invented 

in 1946 and incorporated in missile applications. New fibers were 

also introduced with “carbon and boron” filaments becoming 
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available in 1965 and “aramid” fibers in 1971. Fibers made from 

ultrahigh molecular weight polyethylene were made in the early 

1970's. These advanced high strength fibers, along with fiberglass 

and carbon fibers, have led to tremendous developments in 

aerospace, armor (structural and defense), sports equipment, 

medical devices, and many other high performance applications. 

The development of new and improved resins has also contributed 

to the expansion of the composites’ market, especially into higher 

temperature applications and applications where high corrosion 

resistance is needed. New materials and newer applications seemed 

to be converging at the same time and the necessity of composites 

has further increased and expanded widely to space crafts, aircrafts 

and automobiles, sporting goods, biomedical gadgets, prosthetics, 

home interiors, transport, fishing boats and many other fields since 

1970s. It is the aerospace industry which has provided the impetus 

required for the development of quite a few constituents for 

composite materials, though its share in the market is marginal.  

 

1.4   Utility and state of the art 

 

Some of the physical properties that can be improved by forming 

composites with various materials are strength, stiffness, fatigue 

life, wear resistance, corrosion resistance, thermal stability, acoustic 

insulation and weight. Some other user specific requirements such 

as ease of fabrication, reduction of complexity in fabrication, 

ornamental additions and economy etc., are added benefits with 

composites. However, neither of all the above mentioned properties 

can be improved collectively nor there would be such a situation 

that demands so and hence some of these go by context. Metals too 

cannot easily meet all of these criteria simultaneously and so 

fiberglass reinforced tooling became the preferred material for many 

of the manufacturing applications in general and particularly in 
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casting industry. Fiber glass molds and prototypes have brought 

down the cost of manufacturing of large to very large objects 

drastically. Today, the composites utility is widespread. As per the 

reports, the largest market is still transportation with a share of 

31%, construction taking the second place with 20%, marine is 

13%, electrical/electronic equipment is 10%, consumer goods is 6% 

and appliance/business equipment also contributing a significant 

share. The aircraft/aerospace market represents only 0.8% which is 

not surprising due to its low volumes but its role in the development 

of materials and processes is more significant and much advanced. 

While this is one beautiful side of the coin, the other side is not very 

encouraging. Indisputably, a vast majority of the composites is of 

FRP family and out of these, a substantial portion is formed by 

synthetics like fiberglass, graphite, ceramic and boron. Synthetic 

fibers, though have great physical properties, are hazardous and 

non-degradable that burdens the environment in the long run. A 

limited alternative to this issue is replacing the synthetics with 

natural fibers. However, complete information of natural fibers is 

still not available in the literature and hence warrants further 

research in this direction. Also the production and availability of 

natural fibers is not as streamlined as it is for synthetic fibers. 

 

Compared to Western Europe and US, India continues to use many 

natural fibers, mainly jute, palm, coconut coir, banana and sisal for 

making various consumer goods directly and also as reinforcement 

in composite applications. The government of India has promoted 

and protecting natural fiber industries in the last few decades. 

Today, Tanzania and Brazil are two largest producers of sisal, while 

Mexico is for henequen and Philippines for abaca and hemp. India, 

China and Bangladesh are world leaders in jute production. 

Interestingly, coconut coir, sisal, toddy palm and banana fruit bunch 

fibers are also extensively produced through small scale industry in 
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India and Thailand. While the availability of these natural fibers is 

encouraging, unavailability of well proven data about mechanical 

properties of these fibers and the associated uncertainties are 

hindering the utilization of these in composites. 

 

1.5   Metals versus FRP 

 

Generally all materials are classified, with respect to their physical 

properties, into three broad categories as isotropic, anisotropic and 

orthotropic. Isotropic materials contain an infinite number of 

material property symmetry and hence the properties are same in 

any direction. Anisotropic materials exhibit different properties in 

different directions as the material does not contain any plane of 

symmetry.  Orthotropic materials have three planes of material 

property symmetry and are called as transversely isotropic if there 

is only one such plane of symmetry. A unidirectional reinforced 

composite lamina can be considered to be transversely isotropic.  

 

Structural materials such as steel and aluminum alloys are isotropic 

since they exhibit equal properties in all directions. Unlike metals 

and plastics, composite materials and more so FRP composites are 

not isotropic due to their inherent composition. In general, a 

property of FRP composites depends strongly on the fiber alignment 

and direction of loading. For example, the tensile strength and 

modulus of a unidirectional fiber reinforced lamina are significant in 

the direction of fibers and in any other direction, these properties 

are much less. The FRP composites thus are obviously non-isotropic 

and inferior to metals in many ways. However, they still show 

considerable advantage over metals in specific applications. The 

design of FRP composite structures is considerably more complex 

compared to metal structures principally due to difference in 

properties in different directions. However, this non-isotropy offers 
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a unique opportunity to tailor the material properties of a 

component to suit its application. This kind of flexibility can be 

utilized to stiffen FRP structures selectively in the preferred 

direction, fabricate a curved panel without complex operations or 

produce a component with least coefficient of thermal conductivity 

etc. For improving the mechanical properties of FRP composites, a 

number of lamina are combined in different orientations to form a 

laminate. However, laminate analysis becomes more complex and 

prediction of its behavior becomes is equally difficult. 

 

Fiber-reinforced composite materials offer a combination of strength 

and modulus that are either comparable to or sometimes (for some 

applications) better than many metals. Because of their low specific 

gravity, high strength to weight and modulus to weight ratios, 

composite materials are often a preferred alternative to metal 

products for certain applications. In addition, fatigue strength to 

weight ratio as well as fatigue damage tolerances of many 

composite laminates are excellent. For these reasons, fiber-

reinforced composites have emerged as a major class of structural 

materials and are either used or being considered as substitutes for 

metals in many weight-critical components in aerospace, aviation, 

automotive, construction and other fields. 

 

1.6   Design and analysis of composites 

 

The two different approaches used in the design and analysis of FRP 

composites are macro-mechanical and micro-mechanical. In macro-

mechanical approach, the response of the material to mechanical 

and thermal loads is examined on a macroscopic scale. The material 

is assumed to be homogeneous and the effects of constituent 

materials are detected only as averaged apparent macroscopic 

properties. In micro-mechanical approach, the interaction of the 
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constituent materials is examined on a microscopic scale to 

determine their effect on the properties of the material. Strength of 

materials approach can solve most of the problems of isotropic 

materials but it is not capable of analyzing composite material 

problems due to idealistic assumptions that suits well for isotropic 

materials. Theory of elasticity approach gives an exact solution to 

any structural problem, but converting a problem of composite 

material into the required equilibrium equations is a difficult task 

with too many unrealistic assumptions and the analysis becomes 

much more complex and unwieldy.  However, the problem can be 

simplified to some extent if the material is assumed and designed 

as transversely isotropic. Though not exact, an approach that can 

give a quick solution is Finite Element Analysis (FEA). Software 

packages are available at present such as ANSYS, HYPERWORKS, 

ABACUS, NISA and NASTRON which can quickly solve complex 

problems of composite materials and generate near accurate 

results, provided the modeling is close to reality. 

 

1.7   Environmental issues   

 

A critical increase in the release of CO2 (greenhouse) gases into the 

atmosphere as a result of burning fossil resources and a drastic 

increase in the volume of waste that is occupying useful land are all 

contributing to the severe stress on the earth, at present. 

Technological development coupled with consumer preferences will 

continue to increase the load on Earth’s resources leading to major 

social issues such as material unavailability, exponential growth in 

energy utilization, pollution caused during conversion of raw 

material into finished product, disposal of unused products and so 

on. All these issues are irreversible thus create a necessity to 

recycle the materials to achieve environmental sustainability. 

Composite materials are contributing their share of damage to the 
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Earth. The need to act in an environmentally responsible manner is 

not only compelling the governments all over the world but also the 

manufacturing sector, where the thrust falls on the research and 

development wings. Awareness about corporate responsibility has 

led to serious search for sustainable resources, recyclable materials 

and for materials from which energy can be recovered. In this 

context the current stress in all societies, is on “Green Composites”. 

Green composites can be defined broadly as those composites that 

are designed with lowest environmental “footprint”. In other words, 

the focus is on those composites that are made of degradable fibers 

and natural resins as far as possible. Today, manufacturing giants 

like Japan, Germany and Sweden have passed legislations to the 

extent that the “reuse and recovery” of an end-of-life automobile 

should be at least 85% by weight and eventually to be increased to 

95% by the year 2015. This kind of legislations by all developed 

countries in the world will help replace most of the non-reusable 

parts by bio-degradable composites. To achieve such a stringent 

target, it will naturally demand a great deal of efforts in research 

and development of green composites. 

 

India, the land of vegetarians, with its large population (it is going 

to be the most populous and is already one of the densest countries 

in the world) has been extensively using vegetable fibers for various 

applications since ages and is moving in the right direction to keep 

in pace with the order of the day by following the three principles, 

viz., “reduce, reuse and recycle”. Traditionally, Indian society is 

conservative and believes in saving for tomorrow, due to which it is 

one of those few countries that has been recycling most of the used 

products consistently since five decades. It is a common sight in all 

parts of India that paper, plastics, metals and also rubber recycled 

routinely on a large scale and surprisingly for generating excellent 

job and business opportunities. For example, the per capita 
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consumption of paper (which is mostly manufactured from plant 

sources) is less than 2 kg/year in India as against 300 kg/year in 

US and Europe. All the paper used in the developed world 

unfortunately cannot be recycled and goes mostly into the landfill 

while it is methodically recycled at least twice in India which is a 

path breaking and a welcome sign. Renewable materials, like 

renewable energy today, have been attracting the attention of 

researchers all over the world and naturally that includes India as 

well, where a plethora of opportunities is awaiting them. 

 

1.8   Need for bio-degradability 

 

Most of the consumer items and house hold interiors that are made 

of FRP composites use glass fiber as reinforcement whose life is 

short with a maximum span of eight to ten years. This results in 

generation of a lot of garbage which is non-recyclable and also 

harmful to the environment. This has become a burden on the 

society and is highly hazardous when thrown along with other waste 

matter. Land fill is an option that is not always available or 

suggested. This is only one of many examples and these kinds of 

scenario have led the researchers towards development of bio-

degradable composites made of natural fibers and resins.  

1.9   Natural fibers 

Though not directly in composites, natural fibers have been in 

extensive use by mankind since ages. In the recent past, synthetic 

fibers have taken lead obviously due to their superior strength and 

other conveniences. However, natural fibers have been gaining 

importance in the light of demand for biodegradable composites as 

natural polymer matrix materials are fast developing. Natural fibers 

are hair-like threads obtained directly from plants, animals, and 
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mineral sources. They are obtained as continuous filaments or 

discrete elongated pieces similar to a thread. Some of them can be 

spun or twisted into yarn such as cloth and some can be converted 

into non-woven fabrics, such as paper or felt. Cotton is an example 

of a commonly used natural fiber is cotton. Others include wool, 

feather, silk, hair, fur, jute, sisal, palm, hemp, flax and linen. 

Natural fibers can be classified according to their origin into: Plant 

fibers, Animal fibers and Mineral fibers. The characteristics sought 

of natural fibers are that they: 

 can be spun or twisted into yarn to be woven into fabric. 

 can be converted into non-woven fabrics. 

 have high specific strength.  

 have moisture absorbing nature.  

 provide excellent look and feel.  

 can be processed without pollution.  

 are non-hazardous and safe. 

 are low energy demanding and renewable.  

 are bio-degradable. 

Toddy palm, Sisal, Jute and Banana fruit bunch fibers are some of 

the abundantly available and extensively used plant (natural) fibers 

in India as well as in other tropical countries of the world. However, 

the usage of these fibers is limited to applications other than FRP 

composites like nets, ropes and yarn. Unlike synthetic fibers, which 

are stronger but hazardous, plant fibers are non-hazardous and 

high in specific strength.  In addition, natural fibers are eco friendly, 

economical, lighter and bio-degradable due to which reason they 

qualify as a replacement to synthetic fibers for some components in 

the manufacturing sector and a safer choice for domestic 

applications like false ceilings and wall panels. For universal 

acceptance, natural fibers are required to be modified with regard to 
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 Homogenization of chemical and physical properties 

 Degumming and surface treatment 

 Polymerization and crystallization 

 Moisture repellence and flame retardant nature 

 Resin absorption and adhesion property  

 

Increased use of fiber-reinforced composite plates in the modern 

engineering structures, often under stringent and varying load 

conditions, demands accurate assessment of their thermo-

mechanical behavior. Several attractive properties including high 

strength and stiffness to weight ratios and operability over wide 

range of temperature have enabled the composites beneficially 

replace the conventional materials. Thermo-elastic behavior of 

fiber-reinforced composite plates may therefore be said to be 

essentially dependent on (I) individual properties of the constituent 

materials, (ii) fiber orientation, (iii) layer orientation, (iv) layer 

sequence (v) geometric aspect ratios in addition to (vi) thermal and 

mechanical durability. 

 

1.10   Material properties  

 

It will not be out of place to mention some useful information on 

synthetic and natural fibers used extensively in the industry. While 

for most of the metals and metal alloys modulus to weight ratio is 

around 2.60, it ranges between 2.5 to 13.5 for FRP composites. 

Similarly the ratio of tensile strength to weight for metals falls in the 

range of 4.75 to 27 while it is anywhere from 38 to 102 for FRP 

composites. These figures are indicative of superiority of composites 

over pure metals for some specific, if not for all, structural 

applications. 
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Table 1.1 Physical and elastic properties of commonly used 

materials in composites 

 
Fiber 

material 

Density 

 

Kg/cu.

m. 

Tensile 

strength 

MPa  

Young’s 

modulu

s 

GPa  

Poisso

n’s 

ratio 

Specific  

Strength 

MPa-

m3/kg 

Specific  

Modulus 

Gpa-m3/kg 

Aluminum 2710 80 71 0.34 0.0295 0.02620 

Brass 

(70:30) 

8500 550 100 0.33 0.0647 0.01176 

Copper  8930 150 117 0.35 0.0168 0.01310 

Steel 7860 460 210 0.29 0.0831 0.02652 

E-glass 

fiber  

2540 3447 72.50 0.20 1.3571 0.02854 

S-glass 

fiber 

2490 4585 85.60 0.22 1.8414 0.03438 

Graphite 

(PAN) 

1780 3447 241.30 0.08 1.9365 0.13556 

Kevlar 49 1480 3620 131 0.08 2.4459 0.08851 

Epoxy 1280 82.74 3.79 0.30 0.0646 0.00296 

Glass-

Epoxy 

1800 1062 38.60 0.27 0.5900 0.02144 

Graphite-

Epoxy 

1600 1500 181 0.27 0.9375 0.11313 

 

 

 

 

Table 1.2 Physical and elastic properties of some popular 

natural fibers 
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1.11   Objectives of the present work 

Mechanical and thermal stresses, deformations, and other related 

variables are routinely dealt in the design of structural and machine 

components. Needless to say, an accurate and proper selection and 

optimization of the fiber-reinforced composite parts in engineering 

structures is possible by a systematic investigation of the influence 

of design parameters. While experimental investigations in this 

regard might give valuable information, local measurements are of 

limited usage because of experimental uncertainties. Synthetic 

fibers are usually supplied with mechanical and thermal properties 

by the manufacturer. 

 

Unlike in case of synthetic fibers, not much information is available 

on the mechanical properties of natural fibers. This is due to various 

reasons like non-uniformity, moisture absorption, limited in length, 

tendency to twisting and curling, compulsion to make yarn etc. but 

PROPERTY JUTE  BANANA SISAL PINE 

APPLE 

Diameter (µm) 5-20 80-250 50-

200 

20-50 

Density (g/cc) 1.3 1.35 1.45 1.40 

Cellulose/lignin 

content  % 

61/12 65/5 67/12 81 

Elastic modulus 

(GPa) 

 8-20 9-22 34 

Tenacity (MPa) 440-

533 

529-754 568-

640 

413 

Elongation (%) 1-1.2 1.0-3.5 3-7 0.8 
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primarily due limited usage in FRP products. In macro-mechanics 

limited tests are being conducted on composite specimen for a 

given combination of constituents and results are found where 

interpretations of results become complicated and inaccurate. In 

micro-mechanics, using analysis software, various material 

combinations can be studied but validation of results is always a 

point of discussion.  

 

In the present work, tests are conducted both on composites of 

known as well as unknown constituents. Tests on isotropic materials 

such as metals are conducted and micromechanical analysis is done 

to establish the relation between experimental and numerical 

results. A methodology has been devised with which the properties 

of the known constituents of the composite are extracted to confirm 

its validity. Then the same methodology is extended to extract the 

properties of unknown fiber, natural fiber in the present case.  This 

has necessitated the preparation of transversely isotropic test 

specimens where the fibers are arranged in perfect parallel 

orientation. In essence, the process starts with skillful fabrication of 

specimens, extensive and reliable testing and modeling of 

equivalent products in ANSYS, validation of the method with 

materials whose properties are well known and then extraction of 

properties of unknown materials by extending the procedure on 

similar lines.  

 

From the above discussion it is apparent that the replacement of 

synthetics with degradable fibers and matrices will drastically 

reduce the abuse of the nature and also reduce loss of land due to 

refills. Hence this necessitates more focused research on degradable 

composite constituents which not only preserve the environment 

but also generates a lot of rural and agricultural employment. The 

scope of the present work is to determine the elastic properties of 
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so far unexplored fibers by a novel methodology with commonly 

available testing equipment. This method simplifies the process of 

determining the elastic properties of composite constituents which 

will eventually help design engineers to bring down their time and 

efforts. In the present work, analytical and experimental 

investigations are carried out with an objective of evaluating elastic 

properties of the constituents of fiber-reinforced plastic composites 

by an alternative method which is less complex and more 

economical. 

 

1.13   Layout of the present thesis 

An extensive literature survey is presented in chapter 2 with focus 

on structure of constituents, processing of materials and issues 

relating to elastic properties of composites like analysis and 

synthesis. Chapter 3 deals with synthesis of a test specimen to 

validate finite element analysis (FEA) for extracting fiber’s elastic 

properties. Chapter 4 deals with the fabrication of transversely 

isotropic test specimens using synthetic and natural fibers. Using 

experimental results of known constituents and fitting them into 

FEM spread sheet to confirm the efficacy of a novel “back tracking” 

method is done chapter 5. In chapter 6, elastic properties of yet 

unexplored fibers, sisal in this case, are extracted using “back-

track” method from the test results of composite specimen and are 

cross checked. Summary of results and discussions, chapter wise, 

are presented in chapter 7. 

--oo0oo-- 
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