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Abstract. The fiber-reinforced polymer composites are of great scientific and technical interest and 

a very impressive development. This justifies both the development of the research in this area, and 

the extension of the production of such materials.  

This paper presents research regarding three different composite materials, plates of carbon fibre, 

glass fiber and Kevlar in epoxy matrix. The mechanical characteristics of plates made of composite 

materials (CM) reinforced are presented. Based on the results, a comparative study between the 

reinforced materials used to manufacture the plates of CM is carried out. 

Introduction 

In the last 40 years, the plastic and the composite materials had a very encouraging development. 

These materials entered our everyday life after a thoroughgoing study made in the top areas of 

global technology. Further development of plastic and composite materials, particularly in the last 4 

decades has led to some investigations that reveal both their properties and shortcomings [1-12]. 

Currently, polymeric composite materials present a particular scientific and technical interest, 

justifying both the development of the research in this field and the extension of the usage of such 

materials. Composite materials used today in domains like motorsport, aircraft constructions, 

medicine, space, building constructions, automotive industries, sports or transportation are studied 

and are developed in many research centres. The most investigated aspects are: mechanical 

behaviour, optimal technologies to obtain different pieces, microstructures of surface, new rapid 

manufacturing methods [13-15], new constituents, biocompatibility or innovative manufacturing 

processes [16-18].  

The use and manufacture of polymer composite plates has seen a steady and also impressive 

development. Replacing the plates made of metal, with plates made of reinforced composite 

materials has led to the reduction of the weight while the mechanical characteristics obtained are 

high. Microstructures analyses of different materials are approached by different researchers [19-

20]. 

Some authors [21-22] developed a new predicting failure model for unidirectional or biaxial 

composite materials. The mechanical tensile stresses for fibre glass composite materials were 

presented. In this paper the authors present the experimental research regarding the tensile strength 

of three different reinforced composite materials.  

From the usually used technologies for manufacturing reinforced polymeric plates, three were 

chosen for the analysis of the influence of the mechanical characteristics through tensile test. These 

are: plates formed by hand lay-up technology, by hand lay-up and pressure technologies and vacuum 

bag forming technology. 

Three different materials were used for reinforcement in order to obtain the composites plates. 

These materials are carbon fibre, glass fibre and Kevlar fibre in epoxy matrices. Different 

architectures of the reinforced materials were used like unidirectional, plain and twill tissue.  
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Materials and methods 

Materials  

Experimental research was performed in order to determine the tensile strength characteristics of 

the composite plates. An epoxy resin, type Epiphen RE 4020 / DE 4020, was used for the matrix. 

The mixing ratio of the parts (in weight) is 100:30, according to the manufacturer recommendations.  

The reinforcement material used: carbon fibre fabric, (plain, twill and unidirectional weave fabric 

3K, 200 g/m
2
), glass fibre, and Kevlar fibre ( twill weave fabric 3K, 200 g/m

2
) 

The samples codes for carbon/epoxy composites types of fabric are: plain P, twill T and 

unidirectional UD.  

Manufacturing method 

To obtain a compact and uniform composite material, the vacuum bagging technology was used. 

This method is highly recommended in composite’s domain, as the materials are pressed on the 

mould throughout the polymerization process of the resin. The vacuum pressure used in this case is 

-0.9 Bar (which represented 90000 N/m
2
). 

The composite materials were laminated by hand layup method. After the material was applied 

on the mould all the system was subjected by vacuum bagging technology. 

The whole composite system was subjected to a thermal treatment for 4 hours at 80
0
C. Air 

temperature increase from 20°C to 80°C, with 5°C/min.. 

 

  
a) b) 

Fig. 1. Vacuum plates manufacturing process 

 

This technology is applied in all the composite materials cases. Composite reinforced with glass 

carbon and Kevlar fibers were manufactured. 

Samples parts manufacturing 

From all the CM plates, five samples sets were cut in order to be used in tensile stress tests.  

The dimensions of the samples as indicated in figure 2 are the following: L = 250 mm, l = 200 

mm, b = 20 mm, h = 0,7 - 2,3 mm. 

The samples dimensions are in concordance with the standards EN ISO 527-4 and ISO 527-5. 

 
Fig. 2 Sample parts tor tensile test 
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The cutting of the samples was made with the water cutting machines [23-24]. 

For fracture, maximum resistance force recorded during the tensile test was related to cross-

sectional area of the specimen: 

  maxr
F Aσ =              (1) 

The samples were subjected to uniaxial tensile tests on an INSTRON 8862 testing machine. 

Experimental results and discutions 

The characteristics of the obtained plates are: reinforcement degree 72%, density of composite 

material 1087.97 kg/m
3 

for carbon fibre, 1096 kg/m
3 

for Kevlar fibre, 1472 kg/m
3
 for glass fibre. 

The values obtained from the tensile tests were processed. The sets of the samples were marked. 

For carbon-epoxy samples the main values of the tensile stress are: UD -1050 MPa; P -570 MPa; 

T- 525 MPa. 

For Kevlar/epoxy samples the main value of tensile stress is: T – 396 MPa 

For glass/epoxy samples the main values of tensile stress are: T -260 MPa; Plain -197 MPa. 

The samples tested parts are presented in figure 3. 

The breaking area of the samples is different. In the carbon/epoxy case the maximum stress 

produces like an explosion of the samples. They were broken in many pieces.  

In all the cases the stress of the samples is accompanied by an acoustic emission and this is 

usually predicting a catastrophic breakage. 

For Kevlar composite materials the maximum stress produced the broken of the samples in 

different areas. The same thing is happened in glass fibre composite samples. 

 

 
Fig. 3 Samples after tensile tests 

 

A force/displacement diagram is presented in figure 4 for carbon fibre/epoxy (plain weave fabric, 

3K 200g/m
2
).  

The force/displacement diagrams of the application of these samples shows a linear elastic 

behaviour until fracture zone when they are depreciating suddenly.  

This behaviour is typical for fibre reinforced composite materials that have the fibres in the same 

direction with the tensile force. In this case, longitudinally arranged filaments contributed to the 

high value of the fracture strength. The other halves of the filaments, arranged transversely to the 

direction of application, do not influence the strength of the material. 

A normal behaviour for CM is indicated in the diagram where we can see an elastic area. The 

elongation of the samples is 0,2% for a maximum stress.  

The analysis of microstructure fracture area from fibres carbon/epoxy sample relieves 

monofilament carbon fibre simultaneously grouped and broken. No individual monofilaments are 

observed so the tensile stress actions on a group of filaments. It appears a good impregnating matrix 

and a good compatibility between filaments and matrix. 
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Fig. 4. Force-displacement diagrams, experimentally determined for samples of carbon 

fiber (plain weave fabric 3K 200g/m2) /epoxy 

 

In fig. 5 a) is presented glass fibre monofilaments after tensile stress test. On the surface of the 

monofilaments we can see the residual parts of the resin. This indicates that impregnation of the 

matrices was produced and it was a good compatibility between fibres and matrices.  

In figure 5.b) is presented carbon fibre composite broken area. We can see that after the tensile 

stress the monofilaments are broken together. There are remaining glued in parts, and stress is 

uniform distribuend on all the section. No singular monofilaments are observed like in glass fibre 

cases. 

 

a) Glass fibre/epoxi b) Carbon fibre/epoxy 

Fig. 5. Microstructure fracture area of CM sample applied tensile 

 

The samples were investigated with Carl Zeiss/Jena type binocular microscope. The microscope 

made a 40X zoom lens and from 10X ocular has been increasing. 

For the same architecture of the fibres for the carbon fibre was obtained 570 MPa, for Kevlar 

396MPa and for the glass fibre 197 MPa. This indicates the tensile stress behaviour of different 

composite reinforced materials. Between carbon and Kevlar composite the difference is 1,4 times 

and between carbon and glace is 2,8 times. 

The high value of tensile stress characteristics are obtained in UD carbon/epoxy cases. The main 

value is 1050 MPa. This value is over performance of many materials like steel, aluminium alloy or 

titanium. This result is in condition of carbon composite material density obtained is 1096 kg/m
3
. If 

this is compared with steel it is 7 times less, 2.4 times less than aluminium alloy or 4 times less than 

titanium. 

The results presented in Figure 5 classify these CM considering the tensile stress point of view. 
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Fig. 6. The main value of resistance to uniaxial fracture for different types of CM 

 

The diagram (Fig. 6) indicates the categories of composite where the high performance level is 

carbon fibre composites. The architecture of the fibre has a big influence. It can be said simple 

carbon fibre materials, it’s necessary to indicate which type of carbon UD, T or P in the composite 

pieces design process. The difference between types of materials can be 100% regarding the tensile 

stress. 

Conclusions 

Considering the results of the tensile stresses of the composite plates it can be seen that the 

highest value is obtained for carbon/epoxy CM. The values for ultimate tensile stress of these 

materials are at 1050 MPa at UD type case. 

Comparing the same type of fabric it can be observed closer values of tensile strength. For the 

carbon twill tissue it was obtained a value with 75% higher than for Kevlar and with 49,5% higher 

than for glass fibre in tensile strength cases. 

For carbon plain tissue the value obtained is with 45% higher than for glass fibre. 

The tensile strength of the composite material obtained has a high value comparable to high 

quality steel in terms of the density decrease of approx. 7 times in the case of C.M. 

Color figures are welcome for the online version of the journal. Generally, these figures will be 

reduced to black and white for the print version. The author should indicate on the checklist if he 

wishes to have them printed in full color and make the necessary payments in advance. 
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