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Abstract: Carbon-Kevlar hybrid composite material structures are used more and more in 

applications in the automotive, aerospace and military industries. For this reason, to 

numerically simulate the distribution of stresses and strains in such structures mechanically 

loaded, it is necessary to know the mechanical properties of such composite materials. It 

has also become a necessity to know the effects of the hybridization of the two types of 

fibers (carbon fibers and Kevlar) on the impact properties. For this reason, the article is a 

short review of the specialized literature regarding the following properties of carbon-Kevlar 

composites: tensile stress, tensile modulus, flexural strength, flexural modulus, impact 

properties in impact tests of low speed. Some applications of the plates made of carbon or 

hybrid carbon-Kevlar composites are highlighted in the last part of the paper. 
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Composite materials are composed of at least two or more different 
components that are not soluble in each other. One component is called the 

reinforcing material and the other is called the matrix. The strength and 
hardness of the composite materials are mainly provided by the reinforcing 

materials, while the matrix provides corrosion resistance, ductility and 
toughness. The mechanical, physical and chemical properties of the 

composite materials strongly depend on the type, shape, size and volume 

content of the reinforcing materials and the type of matrix. The most 
common reinforcing materials, mainly used with polymer matrix, are glass 

fibers, graphite or carbon fibers, aramid fibers and boron fibers [1]. 
Among the fibre reinforced polymer matrix composites, epoxy matrix hybrid 

composites have gained importance in the energy field because the hybrid 
composites combine low cost with high mechanical properties compared to 

composite materials reinforced with only one of the reinforcing fibers used in 
hybridization. Composites reinforced with carbon-Kevlar hybrid fabrics are a 

good example of high performance properties in terms of high strength-to-
weight and stiffness-to-weight ratios, making them more practical towards 

load-bearing applications in automotive and aerospace industries. These 
lightweight composite materials may be exposed to low velocity impact 

loadings during manufacture, normal operation, maintenance and so on 
[2,3]. 

Kevlar is a synthetic fibre with a high-modulus, used primarily in fibre optic 

cable, textile processing, ropes, cables, plastic reinforcement and composite 
applications for aerospace, automotive, defence, energy, consumer, 

electronics, medical, and heavy industries. The tensile strength of the Kevlar 
fibers, are comparable with the one of the carbon fibers. Kevlar fibers are 

characterized by a modulus of elasticity which is between the ones 
corresponding to the glass and carbon fibers and a lower density than the 

both. Kevlar fibers are used for high-performance composite applications 
where lightweight, high strength and stiffness, resistance to fatigue and 

stress rupture and especially the impact performance are important. 
However, Kevlar fibers are sensitive to UV (ultraviolet) rays [4-6]. Due to 

their high impact strength the Kevlar composite materials are recommended 
for the ballistic protection applications such as bulletproof vests or protective 

panels. 
Carbon fibre filament is made up of the carbon atoms organized into a 

crystalline structure. Because of its very high stiffness and strength, it is 

widely used in the aerospace and automotive industries. It has one of the 
highest strength-to-weight ratios in existence — higher than both steel and 

titanium. The main characteristics of the carbon fibre material are: high 
stiffness, high strength-to-weight ratio, electricity conductor, corrosion 

resistance, high melting temperature, and high stiffness until fracture. These 
characteristics of the carbon fibers allow it to be used as a metal 

replacement in applications where weight saving is very important [7]. 
In applications where structures having reduced thickness, low weight and 

high strength are required, the use of the carbon-Kevlar hybrid composite 
material is one of the ideal solutions because it combines the advantages of 



the individual components. In addition, the simultaneously mitigating of 
their less desirable qualities is achieved by using these two types of fibers as 

reinforcement materials [8-10]. 
2. MECHANICAL CHARACTERISTICS OF THE HYBRID COMPOSITE REINFORCED WITH CARBON AND 

KEVLAR FIBERS 

1.2. Tensile and bending mechanical characteristics 

After a review of the specialized literature, in Table 1 it is summarized the 
mechanical characteristics experimentally obtained in tensile and flexural 

tests, for the hybrid carbon-Kevlar composite materials in two cases of 
hybridization: multi-layered hybridization (different reinforcing fibers in each 

layer); reinforcement with hybrid reinforcement fabric of all layers. 
Table 1. Mechanical characteristic of the hybrid composites reinforced with the both carbon 

and Kevlar fibers 

Composit

e 
structure

* 

Young’

s 
modulu

s 

E 
(GPa) 

Tensile 

strengt
h 

σmax 

(GPa) 

Flexura

l 
strengt

h 

σmax 
(GPa) 

Poisson’

s ratio 
ν12 

Transvers

al 
modulus 

G12 

(GPa) 

Reference

s 

2K/8C/2K - 1.25 1.15 - - [11] 
3C/2K/2C/ 

2K/3C 

- - 0.954 - - [11] 

8CK plain 11.34 - - 0.09 1.49 [12] 
8CK twill 35.25 4.07 4.18 0.141 - [13] 

CKCKC - 2.0 0.43 - - [14] 
KCKCK - 2.4 0.50 - - [14] 

KKCKK - 2.6 0.60 - - [14] 
CCKCC - 2.7 0.46 - - [14] 

*CKCKC – hybrid composite material with 5 layers, C-carbon fibers, K-Kevlar fibers; 8CK 

plain – composite material reinforced with 8 layers of carbon-Kevlar plain hybrid fabric; 8CK 

twill – composite material reinforced with 8 layers of carbon-Kevlar twill hybrid fabric; 

2K/8C/2K – composite hybrid material reinforced with 2 layers Kevlar49 fibers, 8 layers 

carbon HT fibers and 2 layers Kevlar49 fibers; 3C/2K/2C/2K/3C – composite hybrid material 

reinforced with 3 layers carbon HT fibers, 2 layers Kevlar49 fibers, 2 layers carbon HT 

fibers, 2 layers Kevlar49 fibers and 3 layers carbon HT fibers. 

Considering Table 1 it can be easily observed that the experimental results 
obtained for composite materials reinforced with hybrid fabric are 

approximately with 50% higher than the ones obtained for the hybrid 
composite materials obtained by multi-layered hybridization, in terms of the 

tensile strength. The hybrid carbon-Kevlar fabric combines in a single layer, 
the high stiffness of the carbon fibers with the high tenacity of the Kevlar 

fibers.  The flexural strength is also the highest for the composite material 
reinforced with hybrid carbon-Kevlar woven fabric. 

1.3. Impact properties 

Over the years in literature, several advantages and disadvantages of the 

hybridization of the carbon and Kevlar fibers in the composite structure have 
been observed, in special regarding the performances of the hybrid 

composite material subjected to impact tests. Hybrid composite materials 



reinforced with carbon and Kevlar fibers are characterized by high tensile 
strength, increased stiffness due to the carbon fibers and high impact 

resistance due to the Kevlar fibers. Some of the studies focused on the 
influence of replacing the carbon fibers with Kevlar fibers into the structure 

of a composite material, taking into account the impact performance of the 
Kevlar fibers, but also their resistance at high temperatures. In order to 

analyse the hybridization effect, in Table 2 it is rendered some results 

obtained in other research published [16], concerning the impact properties 
for composite materials containing two layers reinforced with carbon and 

Kevlar fibers [15,16].  
Table 2. Absorbed energy in impact tests for composite materials reinforced 

with carbon fibers and/or Kevlar fibers [16] 

Composite 
structure* 

Dimensions 
l x L  

(mm x mm) 
 

Absorbed 
energy at 

impact 
(J) 

K-K 100 x 100 2.8 

C-C 100 x 100 2.4 

C-K 100 x 100 3.1 

K-C 100 x 100 3.1 
*#-# – two layered composite material; C-carbon fabric; K-Kevlar fabric.  

 

The experimental results have shown, that the hybridization of the carbon 
fibers and Kevlar fibers in the composite structure, has significantly 

improved the mechanical properties of the composite material.  
3. STRUCTURAL APPLICATIONS OF THE COMPOSITE REINFORCED WITH CARBON AND KEVLAR 

FIBERS 

In civil engineering for the consolidation of structural elements made of 

concrete, wood, brick and steel, the usage of composite materials has gain 
interest over the years, due to their several advantages. Pultruded fibre 

reinforced polymer (FRP) composites have become the attractive alternative 
for steel in civil engineering owing to high strength-to-weight, stiffness-to-

weight and superior fatigue and corrosion resistances.   
 

 
(a) (b) 

Figure 1: Materials used to strengthen the concrete beams: (a) CFRP pultruded plates 

used for beam reinforcement [17], and (b) woven sheets used for manufacturing of 

CFRP [21] 

The plates made of carbon fibre reinforced polymer (CFRP) (Figure 1) [17] is 
a flat, hardened sheet that is manufactured by pulling carbon fibers through 

epoxy and thermally treated in factory conditions. CFRP plates are suitable 

https://www.sciencedirect.com/topics/engineering/corrosion-resistance


for strengthening structures with flat surfaces. For strengthening curved 
sections, woven CFRP sheets (Figure 1) may be applied via a wet lay-up 

process. The CFRP are mainly used for consolidating and reinforcing concrete 
and wood structural elements [18-20]. 

Nowadays, the Kevlar fibers also became very popular among the civil 
engineers, due to their impact performance. Sheets made of Kevlar woven 

fabric impregnated with epoxy resin are widely used to improve the impact 

response of the structural elements [14]. 
More and more often, civil engineers prefer FRP for strengthening the 

structural elements and also for improving their mechanical parameters. The 
FRP materials can be used on the surface of the structural element or 

directly inserted into the element structure. For structural elements made of 
concrete, CFRP bars has become a promising option for replacing steel 

reinforcement bars. As a result of drawback of steel, the idea of using Kevlar 
fabric as a strengthening material appeared by using an epoxy bonding 

agent. 
Mostly, concrete beams fail in two ways: flexural failure and shear failure. 

Bonding of the carbon or Kevlar fabrics with epoxy resin to the beam surface 
subjected to tensile stresses can improve the mechanical performance.  

Table 3. Results obtained for concrete beams strengthen with composites in bending 

[22,23] 

Beam structure Beam size l x b 
(mm x mm) 

Failure load 
(kN) 

Concrete Beam 230 x 380  190 

Concrete beam with laminated bottom 
with 2 CFRP sheets 

230 x 380 263 

Concrete beam with laminated bottom 

with 3 CFRP sheets 

230 x 380 287 

Concrete beam 150 x 200 70.5 

Concrete beam with laminated bottom 
(1 Kevlar layer) 

150 x 200 84.06 

Concrete beam with laminated 

bottom(2 Kevlar layers) 

150 x 200 97.07 

 

In Table 3 are presented some comparative experimental results for typical 
rectangular concrete beams subjected to flexural tests. 

Considering the data from Table 3, it can be easily observed, that the 
flexural strength is increased up to 51 % for the concrete beams 

strengthened with three laminated CFRP sheets located at the bottom of the 
beam and up to 37 % for the concrete beams strengthened with laminated 

composite reinforced with two layers of Kevlar fabric. As a conclusion of the 

comparison of the experimental results obtained in flexural tests, it can be 
noted that greatest flexural strength can be obtained and crack growth can 

be controlled by the addition layers at the surface of the concrete beams, 
subjected to tensile stresses. 

Recent studies have also focused on understanding of the effects of the 
hybrid composites materials on the structural behaviour of the concrete 

beams, subjected to flexural tests. In the experimental flexural tests 



conducted on concrete beams strengthened with hybrid carbon-Kevlar 
laminate, it has been shown, that the ultimate load capacity increased with 

approximately 4 % compared to reference concrete beam [24]. 
Also, some studies focused on the test results of concrete beams 

strengthened at the top, but also at the bottom faces, with carbon and 
Kevlar composite laminates and subjected to impact loading. In regular 

reinforced concrete beams without shear reinforcement, the beam would fail 

immediately after the formation of diagonal cracks. In case of concrete 
beams strengthened with composite materials, it has been remarked that 

the laminate is preventing the cracks from opening and the beam could still 
resist to further impact loading [25]. 

4. CONCLUSIONS 

This paper is a short review which summarizes and compares the mechanical 
properties of the carbon-Kevlar composite materials considering the results 

reported by other researchers in literature in order to highlight the effects of 

the hybridization of the carbon and Kevlar fibers. 
It can also be concluded from literature that the composite materials could 

play an important role in the structural behaviour of the concrete beams. 
Furthermore, the type of the fibers used to reinforce the composite materials 

and the number of layers applied to strengthen the beam, influences the 
types of failure modes as well. 
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