
 

 

 

Abstract---This study evaluated the effect of the different angles 

of the fibers in the composite materials reinforced with fiberglass on 

the mechanical properties. The study used the comparison of the 

effect of orientation of the fibers in order to improve strength and 

tenacity. Two dimensional fiber reinforced composites are 

characterized by a laminated structure in which the fibers are aligned 

along a plane in X, Y and Z of the material. This study shows that the 

best strength when the fiber is perpendicular to the tensile force, 

resulting in a maximum strength when the fibers were oriented 

([0°/0°]) (287.3 MPa) while the same was minimum in the direction 

perpendicular ([0°/90°]) (110.7 MPa) and then with 45° angle (156.3 

MPa). Finally, the forces are increased when the fiber volume 

fraction increases unless they exceed 60% of the composite material, 

not ensuring good wettability of the fiber by the matrix. 

 

Keywords---Composite material, Fiberglass, Resin, Resistance 

and Tenacity.  

I. INTRODUCTION 

HE resulting composite materials are macroscopic 

combination of two or more micro- or macro-constituents 

that differ in form and chemical composition and, in essence, 

are insoluble in each other [1]. According Hillig et al. [2], the 

composites consist of materials that may have unique or 

complex composition, dispersed in a matrix and the fibers or 

particles are called boosters or charge. These materials are 

produced by physically mixing a discontinuous phase, which 

can be in the form of particles, fibers, or webs, with a 

continuous phase, called the matrix. [3, 4, 5]. 

Laminated compound is a combination of fiber and resin 

mixed in a suitable form. One of the unique properties of the 

composite laminate is that it has a high specific resistance. The 
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properties of the composite are a function of the properties of 

its constituents, and geometry of the reinforcement layers, 

which comprises shape, size, quantity, distribution and 

orientation of fibers or particles. 

The matrix gives the structure of the composite material 

secures the load distribution by the fibers and protects their 

surfaces. The ease of processing (architectural flexibility) 

together with its low density (and chemical resistance), cause 

the composite polymer-matrix materials are now those that 

have a greater range of applications, and are subject to further 

development [1]. 

There is a high degree of versatility in the mechanical 

properties of composite materials reinforced with continuous 

fibers. The strength and mechanical strength may be 

significantly different in different areas of the composite by 

selection of the type, shape, suitable fiber orientation and 

location of the control fiber concentration. Furthermore, the 

physical properties of fiberglass composite, such as its thermal 

stability, electrical conductivity and corrosion resistance can 

be changed by varying the processing conditions of the 

composite and a suitable choice of the matrix material [6]. 

The fiber orientation is particularly important in the 

mechanical properties of the composite; the aligned continuous 

fibers have a much higher tensile strength when a load is 

applied along the direction of fiber [7]. Balkees [8] shows that 

increasing the deformation resistance according to the applied 

load, the microstructure of the composite, and the adhesion 

between the resin and the fibers. 

Lee & Hyungsik [9] reported that, as the increased fiber 

content, the tensile strength and modulus flextural fiberglass 

composite showed a linear increase. 

Salah S. Al-Rawi [10] study an epoxy reinforced fiberglass 

composite sample was subjected to a tensile load to study the 

effect of the fibers in elasticity tensile directions, theoretically, 

only using the Finite Element Method (FEM). 

Ahmad Bakhtiar B. Mukhtar [11] study the mechanical 

properties of the epoxy resin reinforced with coconut fibers 

and describes the effect of build parameters or guidance 

arrangement based on tensile testing process conditions of this 

composite feature important verified the addition of coconut 

fiber in the polymer matrix had increased tensile strength of 

the composite. However, the traction strains of the composites 

are decreasing when the fiber is added into the polymer matrix. 
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The matrix in the composites performs three very important 

functions. First bonds the fibers, and the means by which an 

applied external voltage is transmitted and distributed to the 

fibers. The second function of the matrix is to protect 

individual fibers from surface damage caused by mechanical 

abrasion or aggressive environments. Finally, the matrix fibers 

and separates, by virtue of its relative plasticity, prevents the 

propagation of brittle fractures fiber to fiber that could result 

in catastrophic failure. 

Typically, metals and polymers are used as matrix materials 

because it is desirable to have some ductility. Polymers are 

used as matrix in most of composite applications, due to their 

properties and make the manufacture of the composite easier, 

as reported CALLISTER [12]. 

In this work, we used an experimental study to study the 

effect of the direction of fibers in tensile strength, tensile 

modulus of elasticity, resiliency and tenacity, the epoxy 

composites reinforced by fiberglass. 

II. THEORETICAL 

A. Polymeric matrix 

- Epoxy Vinyl Ester Resin: 

The composites were made from a polymeric matrix of 

Derakane epoxy vinyl ester resins 411-350® Ashland 

Company. It is based epoxy resins and of Bisphenol-A provide 

chemical resistance to various acids, alkalis, bleaches and 

solvents used in various chemical processes. They also offer 

excellent toughness and fatigue resistance. These resins have 

excellent corrosion resistance properties and meet essential 

requirements of Fiberglass Reinforced Plastic (FRP). Thanks 

to their excellent corrosion resistance properties. Regarded as 

the industry standard due to its wide applicability and ability to 

be used in a wide range of manufacturing techniques. 

- Curing Agent:  

As curing agent was used a liquid organic peroxide type D, 

commercially called Butanox M-50® of the AkzoNobel® 

Company, and cited in the literature as MEKP. The Butanox 

M-50® consists of a methyl ethyl ketone peroxide 35%, used 

for curing unsaturated polyester resins in the presence of a 

cobalt accelerator in a wide temperature range. The adopted 

curing agent provide significantly higher gel time when 

compared with other ketone peroxides for this reason becomes 

particularly desirable for some applications where a long gel 

time or production time is required, for example in the 

production of parts large or in processes such as filament 

winding. 

- Reaction Accelerator:  

The curing of an unsaturated polyester resin at room 

temperature can´t be realized by a single organic peroxide. For 

ketone peroxides such as Butanox M-50, a cobalt accelerator 

is indicated to increase the rate of formation of controllably 

radical. Thus, an accelerator was used named NL-51P with 6% 

volume of aliphatic ester cobalt or cobalt octoate 6% 

AkzoNobel® company. 

B. Reinforcement   

Reinforcing fiberglass type E was used in the form of roving 

Advantex® Tipo30®-111A Owens Corning® Company of 

texs (weight measured in grams per filament length in km) of 

1100g/km. The feature of the roving used provided by the 

manufacturer is shown in Table 1 below. 

TABLE I 

ROVING CHARACTERISTIC PROVIDED BY THE MANUFACTURER 

Tex 

(g/km) 

% 

Solid 

% 

Humidity 

Diameter of the 

filament (µm) 

Number of 

filaments 

cable 

1100 0,65 0,05 16 2000 

III. EXPERIMENTAL 

A. Development of composite material 

For the development of the composite material was used for 

filament winding or filament winding technique using an angle 

of 90 ° (hoop). For this, it has built a device consisting of a 

rotating drum PVC with a metal base, which was used, for the 

winding of the layers. The roving was wound throughout the 

cylinder with the aid of a handle attached thereto, where each 

coil will produce a layer or unidirectional fiberglass blade. 

In this research study comparing the different angles of the 

fibers in composites manufactured by pressing the cold. These 

laminates were produced in the sequences 0
o
 (unidirectional), 

90
o
 (orthotropic) and 0°/90°/+45

o
 (pseudo isotropic), as 

illustrated in Fig. 1, and samples were cut in the direction of 

0°/0° for each type of laminate. 

 

Fig. 1 Laminates with different sequences of rolling [13] 

Fig. 2 shows a scheme describing the procedure for making 

composite materials by this method. The process consists of 

applying resin layers in the liquid state and suitable viscosity 

over a defined mold (which must be previously applied a 

release) so that successive applications of resin layers and 

interspersed fibers are made until it reaches the desired 

thickness for the material. 
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Fig. 2 Scheme of the manufacturing process by manual lamination. 

After the addition of each fiber layer, a compression is 

performed with the aid of a roller or spatula in order to have a 

material with a uniform thickness and to minimize the 

presence of voids [14]. After curing the resin, the fabricated 

piece is removed from the mold and, if appropriate, procedures 

are carried out to improve its finish. 

For the production of laminates all were used five layers of 

unidirectional fibers, thus obtaining a composite plate with 

about 3.0 mm final thickness. 

B. Tensile test 

Samples of the geometries used in tensile strength tests were 

adopted according to ASTM D 3039/D3039M-14 [15], which 

states that the samples have a minimum thickness of 1.0 mm, a 

width of 15 mm, a length of 250 mm and a span of at least 127 

mm for longitudinal tensile tests where the load is applied in 

the normal direction of the composite (through the thickness) 

[0°], as can be seen in Fig. 1. For assays transverse strength, a 

minimum thickness of 2.0 mm, a width of 25 mm, a length of 

175 mm and a gap of at least 120 mm, with load applied 

orthogonally to the guidance plane of the composite [90
o
], as 

can be seen in Fig. 3 and 4. 

 
Fig. 3 Representation of the sample sizes used in transversal tensile 

tests. 

 
Fig. 4 Representation of the sample sizes used in longitudinal tensile 

tests. 

 

The tags for clamping in the test machine has measures (60 

x 15 x 1) mm for the longitudinal traction and (25 x 25 x 2) 

mm for transverse strength, being glued to the ends of the 

samples to reduce the stress concentration at the interface 

gluing, distributing homogeneously the gripping forces in the 

attachment of the sample in the testing machine and protect the 

laminate surface glass/epoxy, which due to low the composite 

modulus of elasticity, is deformed elastically by distributing 

stresses over a large area and absorbing energy. The 

longitudinal and transverse tensile strength was made from 

tensile test in universal machine Shimadzu Servopulser Model 

EHF-ED10. To this, it was adopted loading speed of 1 

mm/min and 100 KN load cell. 

The achievement of tensile test allows obtaining the stress-

strain curve characteristic of the composite material that 

exhibited mechanical behavior and enabling the lifting of the 

mechanical properties of these materials when subjected to 

traction. 

C. Determination of density and volumetric fraction of fiber 

laminates 

For each composite laminate, mass were measured and 

specific volume fraction of fibers. The firing method was used 

for determination of fiber mass fraction and the volume 

difference method using a pycnometer with distilled water 

whose specific mass is known (0.99753 g/cm
3
), to determine 

the density the composite samples in five random areas of 

dimensions 20 x 5 mm, each of the laminates, as shown in 

Fig.5. 

 

Fig. 5 Samples for density determination 

The pycnometer was weighed filled with distilled water, as 

can be seen in Fig. 6. 

 

Fig. 6 Pycnometer with distilled water. 

The specimens were placed in a greenhouse at a temperature 

of 50°C for a period of 24 hours and after this time; they were 

rapidly removed from the oven to a desiccator until they 

reached room temperature and were weighed on an analytical 

balance. The five samples were weighed separately and then 

weighed into the pycnometer one at a time. The determination 
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of density of the samples was taken with the knowledge of the 

specific mass of water and calculating the volume of water 

displaced by the sample in the presence of water pycnometer. 

Finally, it calculated the arithmetic average of the density 

values of five samples. 

The mass of fibers was obtained by weight difference of the 

composite samples before and after burning of the polymer 

matrix. Therefore, three rectangular specimens 10 x 20 mm of 

each laminate, as can be seen in Fig. 7, in preweighed 

crucibles were taken to an oven, where they remained for two 

hours at 500
o
C. 

 
                     (a)                                          (b)           

Fig. 7 Samples for determination of volume fraction fibers, (a) before 

and (b) after firing 

Then, knowing the specific mass of the fibers (ρf) and the 

composite density (ρc) and the masses of the composite 

samples (mc) and fiber (mf) were used to calculate the volume 

fraction of fibers (vf) by means of equation 1: 

                                       (1)                                                                                                      

Where: 

mf – Fiber mass, g. 

ρc – Composite density, g/cm
3
. 

ρf  – Fiber Specific mass, g/cm
3
. 

mc – Composite mass, g. 

IV. RESULTS 

A. Density determination 

Was used the volume difference method using a pycnometer 

with distilled water whose specific mass is known (0.99753 

g/cm
3
), to determine the density of the composite in five 

samples of random areas of dimensions 20 x 5 mm, each of the 

laminates, as shown in Fig. 5. 

Table 2 shows the results of determinations of the density of 

the manufactured fiber composites with glass fiber. 

TABLE II 

RESULTS OF DENSITY TEST 

Number of 

specimen 

Continuous fiber 

Orientation Density (g/cm3) 

1 Specimen with angle 0o 1,96 

2 Specimen with angle 90o 1,52 

3 
Specimen with random 

orientation 0o/90o/+45o 
1,88 

 

The values determined by pycnometry for density laminate 

composite feature is consistent with the density values of the 

constituent materials of the laminates - epoxy resin (1.05 

g/cm
3
) and fiberglass (2.58 g/cm

3
). Therefore, we can observe 

in Fig. 8, that the larger fiber volume, lower the density, while 

the smaller the fiber volume, greater the composite density. 

B. Determination of volumetric fraction fibers 

For each composite laminate volumetric fraction fiber were 

measured. The firing method was used, where the mass of 

fibers was obtained by weight difference of the composite 

samples before and after firing (500°C) for two hour the 

polymer matrix. 

The results found for the volume fraction of fibers is shown 

in Table 3. 
TABLE III 

RESULTS OF VOLUMETRIC FRACTION FIBERS 

Number of 

specimen 

Continuous fiber 

Orientation 
Fiber Volume 

(%) 

1 Specimen with angle 0
o
 50,42 

2 Specimen with angle 90
o
 43,48 

3 
Specimen with random 

orientation 0
o
/90

o
/+45

o
 

47,62 

The volume fraction of fibers influences the final 

mechanical properties of composite materials properties and 

higher values are obtained for larger fiber fractions, since good 

wettability is assured by fiber matrix. 

 

Fig. 8 Density x Volume fraction for different types of angles 

The nominal volumetric fraction of fibers of the laminates 

was estimated to 54% fibers. Apparently, the fiberglass 

laminate showed no closer to the theoretical value (Table3). 

However, after statistically analyzing the volumetric fraction 

values of fibers, it was found that for 95% confidence values 

showed no statistically significant difference. It is noteworthy 

that the glass fibers do not show great ease of handling during 

the manufacturing process and due to the difficulty of 

stretching during the winding process the same, it generates a 

heterogeneous laminate, possibly with a larger number of 

empty, which leads to a decrease the volume fraction of fibers 

in relation to the estimated value. 
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C. Tensile test 

In the research we studied the behavior in laminates traction 

epoxy/fiber 3.0 mm thickness manufactured by pressing the 

cold. As regards the orientation of the fibers can distinguish 

two configurations: a defined alignment and a completely 

random alignment. The fiber orientation is particularly 

important in the mechanical properties of the composite; the 

aligned continuous fibers have a much higher tensile strength 

when a load is applied along the direction of the fibers. 

After carrying out the tensile tests and processing the data it 

was possible to obtain the mechanical properties of composite 

materials, as can be seen in Table 4. 

TABLE IV 

RESULTS OF MECHANICAL PROPERTIES 

 Continuous fiber 

Angle 0o Angle 90o Angle 45o 

Number of 

specimen 
1 2 3 

Elasticity (MPa) 60,6+8,3 42,8+8,2 45,2+9,0 

Stress average 

(MPa) 
287,3+99,8 110,7+34,1 212,4+18,1 

Strain average 

(%) 
2,7+1,0 1,8+0,9 2,7+1,0 

Tenacity average 

(MPa) 
689,2+39,2 194,3+10,0 481,3+33,9 

 

Fig. 9 Tensile curve for different types of angles 

 

The results show good properties compatible with the type 

of application for the produced composites. It is very 

important that the material has high mechanical strength and 

strain values, implying high toughness values are important 

that the elastic modulus presents an appropriate value. The 

values found for strength, deformation, modulus and tenacity 

proved appropriate and as expected. 

 

Fig. 10 Tensile curve for angle 0o/90o/+45o 

V.  CONCLUSION 

This paper discusses the effect of the different angles of 

orientation of the fibers, as well as the density and volume 

fraction the mechanical properties of composite 

fiberglass/epoxy. The tensile strength, modules of elasticity 

and tenacity, as well as the density and volume fraction of the 

fiber were investigated. 

In determining the density (Table 2) and volumetric fraction 

of fiber (Table 3) show that the density values are inversely 

proportional to the fiber concentration in the composite, being 

higher for samples 0
o
, after the sample 45

o
, then the samples 

90
o
, with orientation 0

o
 respectively, Fig. 9 and Fig. 10. 

The modulus of elasticity, tenacity and tensile strength 

(Table 4) shows that the difference in orientation had a 

significant effect on the elasticity, tenacity and tensile strength 

of the composite material, in samples 45
o
 and 90

o
 in relation to 

the 0
o
 sample. It follows that the elasticity and tenacity is at 

least above 45
o
 orientation than the 0

o
 orientation in parallel 

angle samples. 

The tensile test (Table 4) shows that the load increased load 

to a maximum value and then allowed to dropped suddenly as 

a brittle fracture at angle 0
o
 and 90

o
 (Fig. 9), while the shear 

response rather non-linear for 45
o
 angle. It has been observed 

that the crack propagates in a direction perpendicular to the 

direction of the external load action fiberglass/epoxy 

composite specimens of 0° fiber orientation angle, while for 

90° fiber orientation angle of fiberglass/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 angles 

(Fig. 10) was done, it is shown that the load in the tensile test 

for the matrix and for the glass/epoxy composites increases 

linearly for θ = 0° and non-linearly for θ = 90° to its maximum 

value then drops suddenly at final fracture load. 
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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 

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 [16]. While 

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

parallel to the direction of reinforcement. 
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