
 

 

 

Abstract— This study was designed to evaluate the effect of 

glass fiber orientation of reinforced composite material on 

mechanical properties :tensile strength, hardness ,toughness, also 

microstructure were tested  .The study used to compare the effect of  

direction of fibers in order to improve strength and toughness , this 

done by using two types of fibers (Eglass type)  :continuous and 

discontinuous( sheets ) , Epoxy resin of (S553)  is almost totally 

transparent when cured ,two dimensional fiber reinforced polymer 

are characterized by a laminated structure in which the fibers are 

only aligned along the plane in x-direction and y direction of the 

material .During test specimens were taken in three direction 

:parallel to fiber direction , perpendicular and with angle = 45° for 

continuous fiber  and randomly specimen for discontinuous fiber 

.This study show that best strength are when fiber perpendicular to 

tensile force then with angle 45° then the parallel direction and all 

this is less than discontinuous type strength ,hardness be effected 

directly to number of laminated fabricated . Finally strength are 

increased when fiber volume fraction increase unless exceed 30% of 

composite material.      
 

Keywords— RESIN, FIBER GLASS, COMPOSITE MATERIAL, 

TENSILE , HARDNESS 

I. INTRODUCTION 

 COMPOSITE material is a macroscopic combination of 

two or more    distinct materials, having a recognizable 

interface between them. Composite laminate is a 

combination of fiber and resin mixed in proper form. One of 

the unique properties of composite laminate is that it has high 

specific strength. Composites are being utilized as viable 

alternatives to metallic materials in structures where weight is 

a major consideration, e.g., aerospace structures, high speed 

boats and trains. 

Fiberglass is a composite material consisting of glass fibers in 

a matrix of epoxy.  The glass fibers as purchased are woven 

into cloth, which is categorized by weight per square yard, 

type of weave, and type of glass.  There are several types of 

epoxy available.  The mechanical properties of the fiberglass 

depend on the volume ratio of the two components as well as 
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on the properties of the glass fiber component and the epoxy 

component individually  

Fiberglass similar to what is tested will be used as the outer 

skin of the rocket airframe.  Its purpose will be to stabilize and 

protect the airframe by serving as a stiffening component.  In 

addition, the smooth surface of the fiberglass will serve to 

reduce drag on the rocket during flight.  The fiberglass skin 

will experience bending, compression and tension loads 

during the supersonic flight.  [1] 

Many researchers studied in this field, showed that the 

orientation of fibers had a major role in increasing some 

properties, Balkees [2] shows that it increasing the creep 

resistance according to applied load, microstructure of the 

composite, and adhesion between the resin and the 

fibers. 

     Lee & Jyongsik [3] reported that as fiber content increased, 

the tensile and flextural modulus of the glass fiber composite 

showed a linear increment.  

       N. Rajesh Mathivanan J. Jerald [4] study impact response 

of woven glass fiber epoxy matrix composite laminates. they 

show that the laminates exhibited two types of failure modes 

viz.,crack initiation and perforation of the laminate. 

     Salah S. Al-Rawi [5] study a sample of glass fiber 

reinforced Epoxy Composite was subjected to a tensile load to 

study the effect of fiber directions on the tensile elasticity 

theoretically only by  using Finite Element Method (FEM). 

Ahmad Bakhtiar B. Mukhtar [6] study the mechanical 

properties of epoxy resin reinforced coconut fiber and 

describes the effect of build orientation or arrangement 

parameters based on tensile testing of the process 
conditions on this important composite characteristic, it was 

found that the addition of the coconut fiber into polymer 

matrix had increased the tensile strength of the composite. 

But, the tensile strains of the composites are decreasing when 

the fiber is added into the polymer matrix. 

In this paper we used an experimental work to study  the 

effect of fiber direction on the tensile, hardness  , Imact 

strength of the Epoxy Composite reinforced  by-Glass Fibers. 

II. THEORETICAL     

A. matrix materials: 

Epoxy resins have good strength, low shrinkage, Chemical 

digestion is described in tables. A chemical must be chosen 

that does not attack the fibers. Typical selections include nitric 
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acid for epoxy, sulfuric acid and hydrogen peroxide for 

polyimides and PEEK, Epoxy resins are a broad family of 

materials that contain a reactive functional group in their 

molecular structure. Epoxy resins show the best performance 

characteristics of all the resins used in the marine industry. 

Aerospace applications use epoxy almost exclusively, except 

when high temperature performance is critical. The high cost 

of epoxies and handling difficulties have limited their use for 

large marine structures.   

B. Fiber-reinforced-plastic composite materials 

Fiberglass-reinforced polyester resins 

• higher the wt% of glass, stronger the reinforced plastic is 

nonparallel alignment of glass fibers reduces strength. There 

are three main types of synthetic fibers to reinforce plastic 

materials: glass, carbon, aramid fibers 

(a) glass fibers for reinforcing plastic resins favorable 

properties : high strength-weight ratio, good dimensional 

stability, good temperature, moisture and corrosion resistance 

and low cost. 

• E glass – a lime-aluminum-borosilicate glass with zero or 

low Na and K levels composition: 52~56% SiO2, 12~16% 

Al2O3, 

16~25% CaO and 8~13% B2O3 tensile strength : 3.44 GPa 

tensile modulus : 72.3 GPa 

• S glass – has high strength-to-weight ratio, primarily used 

for military and aerospace application composition: 65% 

SiO2, 25% Al2O3 and 

10% MgO tensile strength : 4.48 GPa tensile modulus : 85.4 

GPa [7] . 

C. Determination of fiber volume fraction (vf)  

In the fiber reinforced material the fibers are distributed 

throughout the matrix in a pattern we could describe as 

somewhat repeating or periodic. There is randomness involved 

but as a first approximation the cross section could be idealized 

as square packed array or hexagonal packed array. The names 

of the arrays are derived from the shape of the polygons that 

describe the fiber packing pattern and generally the hexagonal 

array is the preferred model of the two. Assume that either of 

the two models represents to a reasonable degree of accuracy 

the microstructure of a fiber reinforced composite material. By 

directing the attention to a unit cell of that model we easily see 

that the cross-sectional area of the fiber relative to the total 

cross sectional area of the unit cell is a measure of the volume 

of fiber relative to the total volume of the composite. This 

fraction is an important parameter in composite materials and 

is called fiber volume fraction and it is a number between 0 

and 1. The fiber volume fraction is calculated as [8] : 

The equations from (1) to ( 7) used to calculate the values of 

volume and volume fraction of the fiber and matrix and 

composite materials as shown below . 

 

Total mass                          Mc = M f + M m                (1) 

 

Volume of fiber                            V f  =                  (2) 

 

Volume of matrix                             

                             Vm                                        (3)                                        

 

 
TABLE I 

UNITS AND QUANTITY OF EQUATIONS  SYMBOLS 

Symbol Quantity            Units 

 

Mc 

 

Mass of composite specimen 

               

                (g) 

Mf Mass of glass fiber                                                                (g) 

Mm Mass of matrix                                                                                    (g) 

ρm  

Vc      

Vf  

Vm   

Vf 

Vm 

Density of matrix 

Volume of composite specimen 

Volume of fiber glass 

Volume of matrix   

Glass fiber volume fraction     

Matrix volume fraction                                                                                                    

                         (g/cc)      

                (cm3) 

                (cm3) 

                (cm3) 

                  

 

 

 
 

   

 

Fiber used is E glass its has :                                                    

Epoxy used has density :  = 1.2   g/cm3     (  from table ) 

 

Vf  =    40 cm3  (  by measuring weight then calculate 

volume from it) 

               mf  =  ƍf    *  Vf                                       (4)    

                              Vf  =                                                 

 

Vm =  90   cm3   by measuring from volume device  Total 

volume of composite    :             

      

Vc = Vf   + Vm                                     (5) 

    

Vc = 40 + 90                 Vc = 130  cm3 

                                      vf  =                                           (6)                                 

            =  volume fraction of fiber  =     = 0.3 

 

                                 vm =                                                

 = volume fraction of matrix  =    = 0.7 

b)engineering stress 

units of Stress are psi or N/m2 (Pascals) 

                                      =                                             (7)                                        

          

 F (average uniaxial tensile force) 

  Ao (original cross-sectional area) 

 

 

Young’s elastic modulus is well understood; it is the slope of 

the stress-strain curve in the elastic region.  For a composite 
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material, the modulus can be predicted theoretically using the 

strain rule, Hooke’s law, and the ratio of fiber to matrix.  The 

average theoretical elastic modulus of the fiberglass will be a 

function of the average volume fractions of glass and epoxy 

matrix in the composite.  The total force acting on the 

composite is equal to the sum of the forces on the fiber and on 

the matrix.     

III. EXPERIMENTAL  

In  this research there are many requirement were needed 

fig.(4): 

1- Two types of fiber were taken ,continuous fiber 

Fig.(1) and discontinuous or random fiber Fig. (2) E 

glass type . 

 

 

 

 

 

 

 

 

 

 

2- wood plate and glass plate for composite 

fabricate . with many keys for fixture the continuous 

fiber . 

3- Epoxy will be taken with hardener to make the 

matrix by using suitable smooth brush table (1). 

4- Many measures and gauges devices are require 

such balance ,ruler , flask for volume gauge , oil as 

an isolation  for prevent adhere between the resin 

and the pattern after harder . 

5-Sharp cuter to cut specimens for testing in 

different angles according to load applyFig.(3). 

6- Measurements were taken to specimens 

according to tests requirements. 

7- Hardness, impact, tensile tester devices are used. 

 

 

 

 

 

 

1. 0 0                                              b) 900                       c) 450                   

 

IV.  RESULTS 

A. Hardness test : 
 

 

 

 

 

 

 

 

TABLE II 

RESULTS OF HARDENESS TEST 

 

B.  Impact test: 
 

TABLE III 

RESULTS OF IMPACT  TEST 

 

 

C. Tensile test: 
 

TABLE IV 

RESULTS OF TENSILE  TEST 

 

 

 

 

 

 

 

 

 

 

 

 

 
Fig. 4 Hardness curve for different types of angles 

 

 

 

Number of 

specimen 

Continuous fiber 

orientation Hardness HRR 

1 Specimen with angle 90° 121.7 

2 Specimen with angle 0 ° 118.6 

3 Specimen with angle 45° 117.5 

 Discontinues fiber 

 Specimen 

with Random 

orientation 

123.5 

Number of 

specimen 

     Continuous fiber 
 

orientation Impact strength 

kN /m2 

1 Specimen with angle 90° 140 .5 

2 Specimen with angle 0 ° 144.5 

3 Specimen with angle 45° 144.5 

 Discontinues fiber 

     

4 

Specimen with 

random 

orientation 

143.5 

Number of 

specimen 

Continuous fiber 

orientation Tensile strength Mpa 

1 Specimen with angle 90° 100.55 

2 Specimen with angle 0 ° 40.39 

3 Specimen with angle 45° 77.64 

 Discontinues fiber 

4       Specimen with 

random 

orientation 

80.72 

Fig. (1) continuous Fig. (2)Discontinuous 

Fig. 3 Angle  fiber direction 
with load 
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Fig.5 Impact curve for different types of angles 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig.6 Tensile curve for different types of angles 

 

 

 
Fig.7 Tensile curve for angle 00 

 

 
Fig.8 Tensile curve for angle 900 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig.9 Tensile curve for angle 450 

VI. CONCLUSION 

This paper discusses the effect of fiber orientation and 

fraction volume on mechanical properties for the glass 

fiber/epoxy. The elastic properties were found for composite 

laminate : hardness test , impact test , tensile test was done. 

For hardness test table .II show that the values of hardness 

for the four types of specimen there is no significant effect on 

hardness of the materials having different orientations of fiber 

and it is maximum in discontinuous fiber specimen , with 

orientation 90° , with orientation 0°, then with orientation 

45°respectevely Fig.4  . 

The impact test Fig.5 show the difference in the orientation 

had significant effect on the impact strength of the composite 

material, from table .III it is concluded that the impact strength 

is minimum in orientation 90°and  above of that in parallel 

orientation and still constant in specimen of angle 45 °. 

 The tensile test table.VI show that  the load increased to 

the maximum value and then dropped suddenly as a brittle 

fracture at angle of 0° and 90° Fig.6, while the shear 

response quite nonlinear for angle of 45°. It has been 

observed that the crack propagates in a direction 

perpendicular to the direction of the external load action 

glass fibers/epoxy composite specimens of 90° fiber 

orientation angle, while for 0° fiber orientation angle of glass 

fibers/ epoxy specimens, failure was irregular and cracks 

propagate in different directions. Experimentally determined 

material properties were compared to analytical predictions 

based on micromechanics. The results from the tensile test 

specimens obtained from experimental work show reasonable 

agreements with predicted results. 

Also tensile test for every specimen for the three 

anglesFig.7,Fig.8,Fig.9 are done , it is shown that the load in 

the tensile test for the matrix and for the glass/epoxy 

composites increases linearly for θ = 90° and non linearly for 

θ = 0° to its maximum value then drops suddenly at final 

fracture load. 

 The maximum tensile loads for glass/epoxy composites in 

case of θ = 0° are higher than that for θ = 90°. The tensile test 

for θ = 45° for composite materials show nonlinear behavior 

up to fracture .  

The test results also show that different fracture modes 

were observed like brittle fracture of the matrix and breaking 

of the fibers gradually depending on the fiber orientation 

angle. For θ = 90° the failure occurs by breaking of the matrix 

and the crack propagates in direction perpendicular to the load 
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direction while for θ = 0° the failure was irregular and the 

crack propagates in different directions because of the high 

strength of the fiber in the longitudinal direction [10]. While 

for θ = 45° the failure starts by shear and splitting of the 

matrix parallel to the direction of reinforcement  
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