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Abstract 
 

The composite materials are replacing the traditional materials, because of its superior properties such as high tensile strength, low ther-

mal expansion, high strength to weight ratio. The developments of new materials are on the anvil and are growing day by day. Fiber 

composites such as Glass-Fiber Reinforced Polymers (GFRP) composites and Carbon-Fiber Reinforced Composites (CFRP) became 

more attractive due to their better properties for marine applications. In this paper, GFRP, CFRP and Hybrid composites are developed 

and their mechanical properties such as Hardness, tensile strength, compression strength, impact strength, toughness are evaluated. The 

study used to compare the effect volumetric fraction of fibers in order to improve strength and toughness, this done by using two types of 

fibers E-glass and carbon & two types of resins epoxy     ( AralditeLY556 and Aradur HY951 ) and vinyl ester. In this experimental 

study, we found that high tensile strength, high specific strength, hardness and low density are obtained with carbon fibre reinforced 

composites, but high impact strength and toughness are obtained with glass fibre reinforced composites. Finally incorporate the result 

and try to find alternatives composites using for marine applications and obtain the best mechanical properties 
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1. Introduction 

Ships are under constant attack, both from the elements of nature 

and the enemy. The vast majority of ship hulls are constructed 

from common carbon steels, which are obviously susceptible to 

corrosion, but they also create distinct thermal and electromagnet-

ic signatures easily detectable from long distances. Nonetheless, 

even methods which are staples of the industry have shortfalls. 

First, the construction process is very labor intensive, involving 

the welding of thousands of steel plates. Second, all the welding 

creates numerous heat affected zones, resulting in areas of stress 

concentrations. Next, the entire structure, and especially these 

heat-affected zones, are highly susceptible to corrosion and re-

duced fatigue life. Lastly, extensive coatings are required to shield 

the structure from the elements. All of these factors and more 

ultimately translate into higher build and maintenance costs for 

ships. For the next generation of ships, the Navy is looking to 

stealthier hull technologies, specifically those which create lower 

magnetic, acoustic, hydrodynamic, radar, and thermal signatures. 

One way to accomplish this is by constructing hulls out of compo-

site materials. Composites and Hybrid composites have many 

advantages over carbon steel, including a much higher strength to-

weight ratio, lower maintenance requirement, and an ability to be 

formed into complex shapes such as hulls. Composites and Hybrid 

composites hulls also offer a number of stealth benefits. Beyond 

the benefits of stealth, they also have high durability and increased 

fatigue life. The application of FRP composites to maritime crafts 

was initially driven by a need for lightweight, strong, corrosion 

resistant durable naval boats the high acoustic transparency of 

composites also resulted in their use in rodomes on ships and so-

nar domes on submarines. 

2. Fabrication 

 
2.1. Fabrication process: 

 
 Apply PVA agent  then Place fibers on bottom plate  

 Apply binder mixed resin to the fiber  

 Place another fiber  on previous one and consolidate it and ap-
ply resin  

 Place the top plate and  tighten the nuts  

 Curing in the oven  

 After cured, opened the plates and sample is removed 
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                                  Figure 1 : Mould preparation             
                           

 
Figure 2 : placing of fibers 

 

 
Figure 3 : Placing fiber 

                                                

 
Figure 4 : consolidation 

      
Figure 5 :placing top plate 

                      

 
Figure 6 :curing 

 

     
Figure 7: open top plate 

                                              

 
Figure 7: open top plate 
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3. Experimentation: 

 
3.1Tensile test: 

 
Standard: ISO 527-4 

 

This standard is for determination of tensile properties for fiber 

reinforced composite which was prepared by the ISO plastics  of 

the international organization of standardization and its dimen-

sions is shown in the figure 

 

 
Figure 8 : Tensile Test Standard Specimen 

 

3.2.Impact Test: 

 
Standard: ASTM E23  

Type: IZOD Impact Test 

This standard is for determination of impact strength & toughness 

for fiber reinforced composite. The test specimen is machined to a 

square section with one notch as shown in figure  

 

       

 
Figure 9 : Impact Test Standard Specimen 

3.3. Compressive strength: 

 
Standard: IS 13975 

The specimen is prepared according to the dimensions shown in 

the figure 

 

 
Figure 10 :Compressive Strength Test Standard Specim 

 

4.Theoritical analysis: 

 
  Volume of fibre (vf) =Mf / ρf                                      . …            . [1]                            

 Volume of matrix (Vm) =Mm/ ρm                              …                [2]                            

 Volume of composite(vc)= Vf + Vm                                      …. [3]                    

 Volumetric fraction of fiber=Vf/Vc                                           . [4]                            

 Volumetric fraction of Matrix=Vm/Vc                   …          ….[5] 

             

5. Result and Discussions:   

 
Table 1::Mechanical Characteristics of GFRP and CFRP 

Nomenclature 

A. Mass of fibre =(mf)                       B. Density of fibre=( ρf) 
C. Volume of fibre =(vf)                   D. Mass of resin =(Mm) 

E. Density= (ρm)                               F. Volume of matrix =(V) 

G. Volume of composite= (vc)         H. Mass of carbon fiber =(mcf) 
I. Mass of E-glass fiber =(mgf)          J. Density of carbon fiber =(ρcf) 

K. Density of E-glass fiber= (ρgf)     L. Volume of carbon fibre=( vcf) 

M. Volume of E-glass fibre =(vgf)      N. Volumetric fraction of ma-
trix=(Vfm) 

 

6Graphs: 

 
6.1Comparison of Hardness:                                                   
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Graph 1: comparison of Rockwell hardness 

 

6.2Comparison of Impact Test 
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Graph 2: comparison of Izod impact strength in KJ/m2 

 

6.3. Comparison of toughness: 

 
Properties E 

Glass 

/epoxy 

E 

Glass 

/vinyl 
ester  

Carbon 

/epoxy 

Carbon 

/Vinyl 

ester 

Hybrid 

/epoxy  

Hybrid 

/Vinyl 

ester 

 

Hardness 

 

HRB 
55 

 

HRB 
33 

 

HRB 
57 

 

HRB 
53 

 

HRB 
45 

 

HRB 
50 

Impact 

Strength 

(KJ/M2) 

550 350 350 325 325 300 

Toughness 

(MJ/M3) 

250 159.0

9 

159.09 147.72 147.72 136.36 

Tensile 

Strength 
(MPA) 

210.52 252.6

3 

294.73 421.05 284.21 342.1 

Compres-

sive 
Strength 

(Mpa) 

61.3 58.66 69.33 61.33 88 48 

Density 

(KG/M3) 

2085.3

3 

2080 1573.3

3 

1750.6

6 

2086.6

6 

2337.3

3 

Specific 

Strength 

(KJ/KG) 

100.95 121.4

5 

187.33 240.51 136.20 146.36 
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Graph 3: Comparison of Toughness in MJ/M3 

 

6.4.Comparison of Tensile strength:     
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Graph 4: Comparison of Tensile Strength in Mpa 

 

6.5.Comparison of density : 
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  Graph 5: Comparison of Density in Kg/M3 
                                         
6.6. Comparison of compressive strength 
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7. Conclusion 

 
From the experimental investigation carried on GFRP and CFRP 

to observe the mechanical behavior the following conclusions are 

drawn 

 It is clearly evident that the high tensile strength, high 

specific strength, hardness and low density are obtained 

with carbon fibre reinforced polymers but  

 High impact strength and toughness are obtained with 

glass fibre reinforced polymers.  

 The property of hybrid composite’s lies between the 

glass and carbon fibre reinforced composite’s. 

  GFRP, CFRP and Hybrid composites are best suitable 

for marine applications .In order to reduce costs and 

improve properties hybrid composites are preferable 

.By varying the volumetric fraction, the properties can 

be altered for  a particular application a suitable volu-

metric fraction can be used. 
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