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Abstract— A composite material is a combination of two or 

more different types of materials; it gives better-quality 

quality than its constituents. Composite materials can be used 

not only for structural applications, but also in different other 

applications such as automobiles, aerospace, marine, etc. 

Fiber reinforced plastic material are commonly used in 

diverse manufacturing industries for the reason that of their 

better performance and modify made properties. Current 

composites exploit the fact that small scale sample of most of 

the materials are much stronger than bulk materials. The 

various physical tests which are conducted to obtain various 

properties and the reason for failure. 
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I. INTRODUCTION 

The initial artificial combination of raw resources like straw 

and mud collectively to form bricks for building construction. 

Prehistoric brick-making was renowned by Egyptian tomb 

paintings. 

Wattle and Daub is one of the oldest artificial 

composite materials. Concrete is also a composite material, 

and is used more than any other man-made material in the 

humankind. As of 2006, about 7.5 billion cubic meters of 

concrete are made each year – more than one cubic meter for 

every person on earth. 

Naturally available resources such as plants like 

palms and bamboo, yield natural composites that were used 

prehistorically by mankind and are still used widely in 

production of composite products. 

 
Fig. 1: General view of composite 

II. GLASS FIBER 

Glass fiber composite was found in the year 1936 by Du Pont. 

Fiberglas (or fiber glass) is a type of fiber-reinforced plastic 

where the reinforcement fiber is specifically glass fiber. The 

matrix material is commonly epoxy or polyester resin. 

Glass fiber when used as a thermal insulating 

material, is specially manufactured with a bonding agent to 

trap many small air cells, resulting in the characteristically 

air-filled low-density “glass wool family of products.” 

Glass fiber has roughly comparable mechanical 

properties to other fiber such as polymers and carbon fiber. 

Although not as strong or as rigid as carbon fiber, it is much 

cheaper and significantly less brittle when used in 

composites. 

Glass fibers are therefore used as a reinforcing agent 

for many polymer products; to form a very strong and 

relatively lightweight fiber-reinforced polymer (FRP) 

composite material called glass-reinforced plastic (GRP), 

also known as “fibreglass”. 

III. EPOXY 

Epoxy is a term used to denote both the basic components and 

the cured end products of epoxy resins. Epoxy resins, also 

known as polyepoxides, are a class of reactive pre-polymers 

and polymers which contain epoxies’ groups. Epoxy resin can 

be industry derived such as petroleum products or nature 

derived such as glycerol from plant substrates. 

 
Table 1: Specifications of EPOFINE Epoxy 1555. 

Important epoxy resins are produced from 

combining epichlorohydrin and biphenyl A to give biphenyl 

A diglycidyl ethers. 

Increasing the ratio of biphenyl A to epichlorohydrin 

during manufacture produces higher molecular weight linear 

polyether’s with glycidyl end groups, which are semi-solid to 

hard crystalline materials at room temperature depending on 

the molecular weight achieved. 

As the molecular weight of the resin increases, the 

epoxide content reduces and the material behaves more and 

more like a thermoplastic. 

Very high molecular weight poly-condensate’s (ca. 

30 000 – 70000 g/mol) form a class known as phenoxy resins 

and contain virtually no epoxide groups (since the terminal 

epoxy groups are insignificant compared to the total size of 

the molecule). These resins do however contain hydroxy1 

groups throughout the backbone, which may also undergo 

other cross-linking reactions, e.g., with aminoplasts, 

phenoplasts and isocyanates. 

The epoxy Epofine 1555 was taken, specifications 

were taken from the supplier sheet, and specific gravity @ 

250 is mentioned according to the ASTM standard ASTM 

D891.Viscosity @ 250 is given as ASTM D2196. 

IV. HARDENER 

The hardeners are the materials used for the cross linking 

mechanism, The help in forming the high quality bonds and 

curing of the composite The specific gravity is measured @ 

250Cas per ASTM D891.Viscosity is measured using 

viscometer @250   C by ASTM D2196. 
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Sl. No. Parameter Specified Value 

1. Grade Fine Hard 5200 

2. Colour Clear Brown liquid 

3. Viscosity at 250   C 120-200 CPS 

4. Specific gravity 250   C 1.0 t0 1.1 

5. Shelf life 
Three years from the 

date of manufacture 

Table 2: Supplier sheet of fine hardener 5200. 

V. FABRICATION PROCESS 

 
Fig. 2: Fabrication Process 

VI. EXPERIMENT 

To manufacture the glass fiber epoxy composite. Required 

material Glass fiber, epoxy material, mould, spacers, paint 

brush, smooth file, diamond cutting tool. And different 

parameters Reinforcement: “S” glass fiber, Matrix material: 

Lapox L-12,Die dimensions: 150 x 150 x 4 (mm). 

A. Procedure to Prepare 

Firstly the epoxy is mixed with the hardener and DEA 

(diethyl anelene) and ETBN. The DEA helps in reducing the 

viscosity of the epoxy resin. The ETBN helps in cross linking 

mechanisms. The resin and hardener are mixed in ratio of 

100:24. The mixture is stirred well   manually. The die is 

cleaned well and the base is set with Teflon sheet, this sheet 

helps in easy removal of composite. The glass fiber sheets are 

taken which are weaved in 2 directions. The manufacturing 

method used here is the hand layup method. The 

reinforcement is placed there by applying the matrix material 

using the brush. We have applied eight layers of S glass, for 

4mm of thickness. Then the mould is set using the spacers, 

for curing the composite, it is placed in the oven. The curing 

cycle temperatures are set as: 60C – 60min, 120C – 120min, 

165C – 300hrs.After curing the mould is removed from the 

oven and the edged of the composite are smoothened. The 

diamond cutter is used to cut the composite in various 

dimensions. The tests are performed using the universal 

testing machine. Required and prepared specimen dimension 

and data. 

Epoxy = 78 gms, ETBN = 2.5 gms 

DEA = 4.68 gms, Hardener = 14.04 gms 

Dimension = 150 X 150 X 4 (mm) 

Fabric weight = 140 gms 

After curing weight = 170.5 gms 

Density of the composite = 1.85 g/cc 

 
Fig. 3: Die used for composite (150 X 150 X 4 mm) 

VII. TESTING METHODS OF COMPOSITES SPECIMEN 

A. Tensile Testing 

ASTM D-638 American Society for Testing and Materials 

were followed for testing of composites, the standards of 

ASTM D-638 was used, the dimensions of the specimen was 

150 X  10 X 4 (mm), the size was taken as 90 X 10 X 4 (mm). 

The testing machine is a product of UNITED Machines, 

capacity 50 KN. 

       
Fig. 4: Setup for testing   Fig. 5: Tested (Burst/Explode) 

B. Flexural Testing 

Flexural strength, also known as modulus of rupture, or bend 

strength, or transverse rupture strength is a material property, 

defined as the stress in a material just before it yields in a 

flexure test. The ASTM standard for flexural is ASTM D790, 

the specimen dimensions are 80 X 10 X 4 (mm).The resulting 

stress for a rectangular sample under a load in a three-point 

bending setup is ð = 3FL / 2bd2 

      
Fig. 6: (a) Set for flexural test (b): Bending in the specimen 

C. Interlaminar Shear Strength (ILSS) 

Interlaminar shear strength also referred to widely in 

aerospace industries by the abbreviation ILSS, it is one of the 

quality control parameters for laminated advanced 
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composites. It indicates the maximum shear stress existing 

between layers of a laminated material. ILASS is also an 

important design parameter. We have taken the ASTM 

standards of ASTM D2344 for ILSS and the specimen 

dimensions are 40 X 10 X 4 (mm). 

 
Fig. 7: Specimen set for ILSS testing. 

VIII. RESULTS AND DISCUSSION 

A. Tensile Testing 

The test results of eight experiments are graphed and 

evaluated in the reference to the standard (blank) composite, 

the comparison was made. The failure samples were are 

examined under SEM and XRD 

Specimen Tensile Strength (Mpa) Standard Devlation 

Blank 519.07 46.73 

Table 3: Results of tensile testing 

 
Fig. 8: Results of tensile testing 

In nano clay the matrix is bounded to the fibers, the 

toughening mechanism occurs, due to this there is increase in 

tensile strength. The load is transferred along the fibers and 

the burst or explode occurs. 

 
Fig. 9: Graph showing the tensile strength of all composites. 

B. Flexural or Bending Test 

The three point bending test is performed on the samples. 

Comparison is made with the blank or standard sample. The 

failure samples were are examined under SEM and XRD. 

Specimen Flexural Strength Standard Deviation 

Blank 513.6 16.36 

Table 4: Results of Flexural testing 

 
Fig. 10:  Graph showing flexural strength of all composites. 

 
Fig. 11: SEM images of flexural testing 

C. Interlaminar Shear Strength 

Interlaminar shear strength resembles the amount of 

resistance towards delamination. All the sample here have 

shown god improvement in the ILSS this occurs due to filling 

of voids and load transfer. In nano silica, the SEM images 

show the initiation of cracks, the cracks are propagating 

through the matrix and the fiber break can be seen. Even 

through the toughening mechanism in nano clay, there is 

improvement in ILSS. This shows the resistance towards 

crack formation 

Specimen ILSS Standard Deviation 

Blank 29.52 1.42 

Table 5: Results of ILSS testing. 

 
Fig. 12: Graph of ILSS 

 
Fig. 13: (a) Crack propagation in nano silica (b) Distorted 

fibers due to load 

IX. CONCLUSION 

The best nanocomposite which is suitable for the aerospace 

application can be finalized from the above test results. 

For tensile applications such as motor casings and 

barriers, nano clay of 2% and 1% composites shows the best 

results compared to the blank or standard composite. The 

percentage of increase is of 14.77% for 2% and 10.53% for 

1% nano clay. 
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The best flexural property is shown in 0.5% nano 

silica in comparison with blank or standard material, it is then 

followed by 0.5% nano clay, which shows a bit decrease but 

better when compared to the remaining. There is 3.1% 

increase in strength of 0.5% nano silica. 

For the ILSS property all the samples which possess 

nanomaterials have shown better properties when compared 

to the blank or standard material. All the samples have shown 

increase in the strength, but the best is seen in 0.% nano silica 

then followed by 2% nano silica, 0.5% nano clay, 1% nano 

clay and then 2% nano clay, for 0.5% nano silica there is 

37.98% increase in strength. 
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