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Abstract— Composites are the most important materials in 

transportation and automotive sector. In the present work the 

composites were prepared by bus body building method 

known as hand layup technique. Using this technique the 

polymers namely epoxy resin and polyester resin were 

applied seperately on chopped strand matt powdered type 

glass fibres and compared. Sandwich laminate panels were 

prepared and investigated the nature of moisture absorbance 

on 60 days. The properties were found to be higher in 

moisture absorbance for polyester resin compared to epoxy 

resin. The elimination of resin accessories such as gelcoat, 

pva, wax, accelerator in epoxy resin, improved in proportion 

and percentage of epoxy resin with hardener as (90:10) and 

70%, glass fiber consumption of 30%, and at last the 

standard fixed ratio of 1:1.50:2 for 450:300:225 category of 

three different combined stack grades of chopped strand 

matt powdered type glass fibre were the only reasons for the 

less moisture absorbance of epoxy resin than polyester resin 

in these observations. 
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I. INTRODUCTION 

The volume and number of applications of composite 

materials have grown steadily, penetrating and conquering 

new markets relentlessly. Modern composite materials 

constitute a significant proportion of the engineered 

materials market ranging from everyday products to 

sophisticated niche applications. The most widely used 

meaning is the following one, which has been stated by 

Jartiz “Composites are multifunctional material systems that 

provide characteristics not obtainable from any discrete 

material. They are cohesive structures made by physically 

combining two or more compatible materials, different in 

composition and characteristics and sometimes in form”. 

The weakness of this definition resided in the fact that it 

allows one to classify among the composites any mixture of 

materials without indicating either its specificity or the laws 

which should given it which distinguishes it from other very 

banal, meaningless mixtures. Kelly very clearly stresses that 

the composites should not be regarded simple as a 

combination of two materials. In the broader significance; 

the combination has its own distinctive properties. In terms 

of strength to resistance to heat or some other desirable 

quality, it is better than either of the components alone or 

radically different from either of them. Beghezan defines as 

“The composites are compound materials which differ from 

alloys by the fact that the individual components retain their 

characteristics but are so incorporated into the composite as 

to take advantage only of their attributes and not of their 

short comings”, in order to obtain improved materials. Van 

Suchetclan explains composite materials as heterogeneous 

materials consisting of two or more solid phases, which are 

in intimate contact with each other on a microscopic scale. 

They can be also considered as homogeneous materials on a 

microscopic scale in the sense that any portion of it will 

have the same physical property. Advantages of composites 

over their conventional counterparts are the ability to meet 

diverse design requirements with significant weight savings 

as well as strength-to-weight ratio. Some advantages of 

composite materials over conventional ones are as follows. 

Tensile strength of composites is four to six times greater 

than that of steel or aluminium (depending on the 

reinforcements).Improved torsional stiffness and impact 

properties. Higher fatigue endurance limit (up to 60% of 

ultimate tensile strength).30% - 40% lighter for example any 

particular aluminium structures designed to the same 

functional requirements. Lower embedded energy compared 

to other structural metallic materials like steel, 

aluminiumetc. Composites are less noisy while in operation 

and provide lower vibration transmission than metals. 

Composites are more versatile than metals and can be 

tailored to meet performance needs and complex design 

requirements. Most commonly used matrix materials are 

polymeric. The reason for this are two fold. In general the 

mechanical properties of polymers are inadequate for many 

structural purposes. In particular their strength and stiffness 

are low compared to metals and ceramics. These difficulties 

are overcome by reinforcing other materials with polymers. 

Secondly the processing of polymer matrix composites need 

not involve high pressure and doesn’t require high 

temperature. Also equipments required for manufacturing 

polymer matrix composites are simpler. For this reason 

polymer matrix composites developed rapidly and soon 

became popular for structural applications. Common fiber 

reinforced composites are composed of fibers and a matrix. 

Fibers are the reinforcement and the main source of strength 

while matrix glues all the fibers together in shape and 

transfers stresses between the reinforcing fibers. The fibers 

carry the loads along their longitudinal directions. Common 

fiber reinforcing agents include glass fibers.  Similarly 

common matrix materials include epoxy which has higher 

adhesion and less shrinkage than PEEK [1].Composites are 

materials that comprise strong load carrying material 

(known as reinforcement) imbedded in weaker materials 

(known as matrix). Reinforcement provides strength and 

rigidity, helping to support structural load. The matrix or 

binder (organic or inorganic) maintains the position, 

orientation of the reinforcement and transfers the external 

load to the reinforcement. Significantly, constituents of the 

composites retain their individual, physical and chemical 

properties. Thermo set composites using several different 

techniques have been successful in the semi structural as 

well as structural applications[2].Composites are one of the 
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most advanced and adaptable engineering materials. 

Progress in the field of materials science and technology has 

given birth to these fascinating and wonderful materials. A 

composite material can provide superior and unique 

mechanical and physical properties, because it combines the 

most desirable properties of its constituents while 

suppressing their least desirable properties. At present 

composite materials play a key role in automobile industry 

and other engineering applications as they exhibit 

outstanding strength to weight and modulus to weight ratio 

[3].Composite materials have occupied major part in current 

era due to its light weight, good stiffness, high specific 

strength and flexible nature. This composite is manufactured 

using hand layup process. Extensive Research has been 

dedicated towards developing light weight fibre composite 

structures with superior mechanical properties like high 

fracture toughness, low notch sensitivity, specific strength 

etc. Glass fibre reinforced Composites possess these 

qualities and are extremely versatile. Polymer matrix 

Composites are much easier to fabricate than metal-matrix, 

carbon-matrix and ceramic-matrix composites because the 

polymers have the good capability to bond with fibres and 

adds strength to the composites[4].In the past few decades, 

research & engineering interest has been shifting from 

monolithic materials to reinforced materials .The glass 

fibers are being used as reinforced materials in reinforced 

plastics (FRP) which have been widely accepted as 

materials for structural & non-structural applications. The 

main reason for the interest in FRP is due to their high 

stiffness to weight ratio and high strength to weight ratio 

compared to conventional materials. Epoxy resin is one of 

the most important classes of thermosetting polymers. 

Which are widely used as matrices for fiber reinforced 

composite material. They are amorphous, highly cross-

linked polymers and this structure results in these materials 

processing various desirable properties such as high tensile 

strength & modulus, good thermal and chemical resistance 

and dimensional stability [5].In the recent decades the 

application of laminated composites are finding increasing 

in Transportation vehicles due to their low thermal 

expansion, low corrosion resistance, high strength to weight 

and stiffness to weight ratios. The majority of engineering 

composites materials in demanding applications consists of 

continuous fibers of glass reinforcement in thermosetting 

epoxy polymer. There has been a tremendous advancement 

in recent days[6].Glass fiber is a chemical inorganic fiber 

obtained from molten glass of a specific composition[7].The 

percentage of glass fiber in the composite shows its 

toughness because of its density nature[8].Glass is the most 

common of all reinforcing fibers for polymeric(plastic) 

matrix composites (PMCs).The principal advantages of 

glass fiber are high tensile strength, high chemical resistance 

and excellent insulating properties[9].As glass fiber is the 

stiffer component in the composite, resistance towards 

deformation increases with increase in glass fiber content, 

this consequently increased the stiffness of the 

composite[10].Glass fibers mainly used for structural 

composites, due to their high mechanical 

performance[11].Glass fibre reinforced plastic materials are 

of low cost, light in weight, have good mechanical 

properties thus having potential to use them for structural 

applications which are subjected to aggressive 

environment[12].Glass fiber composites has good potential 

in engineering applications. The composite have properties 

which suggest their suitability for application in the building 

and construction industries as panels for portioning and 

flooring or wall coverings by preserving the environment. 

Synthetic fibers have very good mechanical properties, 

moisture repellency[13].Glass fibers layered stacking 

sequences increases the strength of the composite[14].The 

components obtained therefore are mostly used to produce 

non-structural parts for the automotive industry such as 

covers, panels and roofs[15].Glass fibers find applications in 

high performance  automobiles, roofing and external door 

skins[16].Mechanical properties of mono directional fiber 

reinforced composite have been extensively studied[17].E-

glass fiberglass and epoxy resin with catalyst addition as 

matrix for the composite material[18]. 

II. METHODOLOGY 

Composite laminates were fabricated at room temperature 

(24 -26ºC) in a clean and net environment. Composite 

laminates were fabricated by hand lay-up process, proper 

care was taken during the preparation of laminates to 

maintain the uniform thickness and to prevent the voids. 

Samples were fabricated by the hand lay-up process (30:70 

fiber and matrix ratio by weight) and the properties 

evaluated[19].Mechanical properties of fiber-reinforced 

composites depend on the nature of the polymer matrix, 

distribution and orientation of the reinforcing fibers, the 

nature of the fiber–matrix interfaces and of the interphase 

region[20].Glass fiber composite surface area of contact 

between fiber and matrix is higher than the other 

composites[21].The mechanical properties of the composites 

are very dependent on the fiber/matrix interfacial 

strength[22].The interface behaves as an important 

connecting link among the constituents, transferring stress 

from the matrix to the reinforcement[23].Fiber/matrix 

adhesion improves the overall quality of the 

composite[24].A composite material consists of two phases. 

It consists of one or more discontinuous phases embedded in 

a continuous phase. The discontinuous phase is usually 

harder and stronger than the continuous phase and is called 

the reinforcement or reinforcing material whereas the 

continuous phase is termed as the matrix. The matrix is 

usually more ductile and less hard. It holds the dispersed 

phase and shares a load with it. Matrix is composed of any 

of the three basic material type i.e. polymers, metals or 

ceramics. The matrix forms the bulk form or the part or 

product. The secondary phase embedded in the matrix is a 

discontinuous phase. It is usually harder and stronger than 

the continuous phase. It servers to strengthen the composites 

and improves the overall mechanical properties of the 

matrix. Properties of composites are strongly dependent on 

the properties of their constituent materials, their 

distribution and the interaction among them. The size and 

size distribution (which controls the texture of the material) 

and volume fraction determines the interfacial area, which 

plays an important role in determining the extent of the 

interaction between the reinforcement and the matrix. It is 

not only the single most important parameter influencing the 
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properties of the composites, but also an easily controllable 

manufacturing variable used to alter its properties. In 

general moisture diffusion in a composite depends on 

factors such as volume fraction of fibre, voids, viscosity of 

matrix, humidity and temperature[25].Test specimens were 

individually cut  into rectangular beams from  the laminate 

slabs fabricated by a hand lay-up process. The cut edges 

were then smoothed using 240 Grade SiC paper. Excessive 

water absorption, however, leads to an increase in the 

absorbed bound water and a decrease in free water. In this 

situation, water can penetrate into the cellulose network of 

the fibre and into the capillaries and spaces between the 

fibrils and less bound areas of the fibrils. Water may attach 

itself by chemical links to groups in the cellulose molecules. 

The rigidity of the cellulose structure is destroyed by the 

water molecules in the cellulose network structure in which 

water acts as a plasticiser and it permits cellulose molecules 

to move freely[26].Water absorbed in polymers is generally 

divided into free water and bound water. Water molecules 

(which are contained in the free volume of polymer and are 

relatively free to travel through the micro voids and holes) 

are identified as free water. Water molecules that are 

dispersed in the polymer–matrix and attached to the polar 

groups of the polymer are designated as bound 

water[27].The characteristics of water immersed specimens 

are influenced not only by the nature of the fibre and matrix 

materials but also by the relative humidity and 

manufacturing technique, which determines factors such as 

porosity and volume fraction of fibres[28].The 

reinforcement materials are highly hygroscopic, the matrix 

material provides protection to the reinforcement. Since the 

edges of composite components and surface are exposed to 

environment, water molecules travel along the 

reinforcement, which can damage the interfacial bonding, 

further the performance of the composite laminate may get 

affected[29].Polyester resin and its surface morphology of 

the fiber is not smooth indicating that the compatibility 

between fibers and resin matrices are poor[30].Interfacial 

between fiber and matrix increases in thermoset resin. 

Thermoset composites improve the fiber-matrix resin wet 

ability and lead to improved bonding. 

A. Preparation of composite-Hand layup method 

The composites are prepared by hand layup method. The 

wax, gelcoat applied on a uniform surface. Chopped matt 

glass fibres (30%) are prepared in proper size and placed 

above the wax and gelcoat applied surface. The Polymer 

(Resin) is applied on the fibre through brush and the surface 

evenly rolled by roller. The proportion given as follows, 

General Purpose Resin Proportions: 97% of gp resin, 2% 

ofcobaltoctoate hardener, 1%accelerator with wax, gelcoat, 

pva. Epoxy proportions: 90% of ly556 epoxy resin, 10%hy 

951 hardener after the curing of composites, test specimen is 

prepared as per the specifications. 

B. Photos of Specimens 

 
Fig. 1: Polyester composite before immersion test 

 
Fig. 2: Epoxy composite before immersion test 

 
Fig. 3: Epoxy composite after immersion test 
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III. RESULTS AND DISCUSSIONS 

Immersion test containing specimen size of 

(90mmx50mmx4mm) procedure as follows. Two pieces of 

general purpose and epoxy resins with chopped strand mat 

are exactly weighed and immersed in a beaker with a 

capacity of 500 Beaker. 

 The composites are taken out from the beaker for 

every 10 days and wipe it off and kept for 3 hrs for attaining 

the room temperature. Then the composite panels are 

weighed and compared. The test is carried out for 60 days. 

Moisture Absorbance= 
FinalValue−IntialValue

IntialValue
×100 (%) 

S.N

o 

Day

s 

Polyester 

composit

e 

(g) 

Epoxy 

composit

e 

(g) 

Polyester    

composit

e (%) 

Epoxy 

composit

e (%) 

1 10 23.81 37.86 0 0 

2 20 23.99 37.99 0.75 0.34 

3 30 24.02 38.05 0.88 0.5 

4 40 24.06 38.09 1.049 0.607 

5 50 24.09 38.15 1.175 0.765 

6 60 24.15 38.21 1.427 0.90 

Table 1: Immersion test for polyester and epoxy composites 

Average moisture absorbance for Polyester composite (%) = 

1.0562. 

Average moisture absorbance for Epoxy composite (%) = 

0.6264. 

 
Fig. 5: Moisture absorbance vs Days for polyester and 

epoxy resins 

 From the tabulation of polyester composite of 

immersion test the number of days keep on increasing as 

10,20,30,40,50,60 and percentage of moisture absorbance of 

polyester composite increases at high rate as 

0,0.75,0.88,1.049,1.175,1.427.The first involves of diffusion 

of water molecules inside the micro gaps between polymer 

chains. The second involves capillary transport into the gaps 

and flaws at the interfaces between fibre and the matrix. The 

third involves transport of microcracks in the matrix arising 

from the swelling of fibres. Generally, based on  these 

mechanisms, diffusion behaviour of polymeric composites 

can further be classified according to the relative mobility of 

the penetrant and of the polymer segments, which is related 

to either Fickian, non-Fickian or anomalous, and an 

intermediate behaviour between Fickian and non-Fickian 

[31].Water absorption by resin may cause both reversible 

and irreversible changes of resin, including hydrolysis, 

plasticization, micro-cracking, and even glass transition 

temperature[32].One can see clearly that moisture 

absorption by the specimen results in changing Tg, which 

indicates degradation process in the material. It can be 

observed also that the water act initially as plasticizer 

[33].Voids in the polyester resin are very common and 

difficult to eliminate since most of them are caused by the 

volatilization of styrene throughout the cross-linking process 

[34].Polyester composites shows poor nature in interaction, 

interfacial wetting and bonding [35].Limitations include a 

propensity to moisture uptake resulting in property 

degradation, and a large variation in fiber properties. 

Unsaturated polyester causes fibreswelling, micro 

cracking[36].From the tabulation of epoxy composite of 

immersion test the number of days keep on increasing as 

10,20,30,40,50,60 and percentage of moisture absorbance of 

epoxy composite decreases at high rate as 

0,0.34,0.5,0.607,0.765,0.90.The low moisture uptake of the 

fiber length composite is attributed to the improved 

interfacial adhesion that reduces water accumulation in the 

interfacial voids and prevents water from entering the 

composite[37].Glass fiber ratio exhibited the least 

percentage water absorption capacity decreasing quantity of 

the hydrophobic component of the composite[38].Graph of 

polyester resin between number of days and percentage of 

moisture absorbance shows that there is an increase in 

number of days up to 60 and drastic increase in percentage 

of average moisture absorbance as 1.0562.Polyester 

composites absorb moisture in humid atmosphere and when 

immersed in water. The effect of absorption of moisture 

leads to the degradation of fibre–matrix interface region 

creating poor stress transfer efficiencies resulting in a 

reduction of mechanical and dimensional properties 

[39].Polyester composite crack lead to damage, capillarity 

and transport via micro cracks become active. The 

capillarity mechanism involves the flow of water molecules 

along fibre–matrix interfaces and a process of diffusion 

through the bulk matrix. The water molecules are actively 

attack the interface, resulting in debonding of the fibre and 

the matrix [40].Thermoplastics materials are worse to 

strength, moisture. The matrix dominated properties like the 

shear stiffness, the shear strength and the stiffness and 

strength across the fiber direction are the ones which are 

mostly affected by the moisture content. The polymer gets 
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degraded initially and finally ending up with the composite 

performance degradation[41].Graph of epoxy resin between 

number of days and percentage of moisture absorbance 

shows that there is an increase in number of days up to 60 

and drastic decrease in percentage of average moisture 

absorbance as 0.6264.Thermoset  resin is one of the 

economical resin when compare to other resin due to its 

very low water absorbing capability and excellent bonding 

tendency as well as mechanical properties. Thermoset 

composite resistance is always higher than the thermoplastic 

composite resistance. Thermosets are targeted to obtain 

much improved mechanical properties as compared to 

thermoplastics. Decreasing water absorption properties of 

the composite requires increase of glass fiber content [42]. 

IV. CONCLUSIONS 

The average moisture absorbance for polyester composite in 

percentage is 1.0562 and the average moisture absorbance 

for epoxy composite in percentage is 0.6264.There is less 

moisture absorbance in percentage for epoxy composite 

when compared to polyester composite. From this we can 

conclude that epoxy resin with chopped strand matt 

powdered type glass fiber of lesser moisture absorbance is 

better than that of polyester resin with chopped strand matt 

powdered type glass fiber of higher moisture absorbance. 
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