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Abstract 
 

The growing use of high-performance materials, which are made of hybrid 

composite systems, has increased rapidly in engineering applications. 

Hybridization of woven carbon, glass and Kevlar fibre offers better 

mechanical properties of composite materials. This is also an effective way to 

reduce the cost of advanced composites. At the moment information on 

compressive properties of hybrid composites is very limited. It is well known 

that the compressive strength of composite materials is lower than the tensile 

strength. Therefore, compressive strength becomes one of the most important 

criteria in designing composite structures. Therefore, this research is aimed to 

evaluate the compressive properties of hybrid composites and compare to 

the properties of neat systems. Hybrid composite samples were fabricated 

using a vacuum bagging system. The compressive properties of Kevlar hybrid 

with carbon and glass composites were studied using an INSTRON 3382 

universal machine with a constant crosshead speed of 1 mm/min. The 

compressive properties were determined based on the stress-strain diagram. It 

was observed that for hybrid composites, placing carbon woven cloth layers 

in the exterior and Kevlar woven cloth in the interior showed higher 

compressive strength than placing glass woven cloth layers in the exterior and 

Kevlar woven cloth in the interior. The modes of failure of the hybrid 

composite laminates were observed and evaluated using optical microscope 

and scanning electron microscopy (SEM). 
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1.0  INTRODUCTION 
 

Nowadays, woven type fibre reinforced polymer 

(FRP) composites are increasingly been used in 

various high technology as well as conventional 

applications. The woven type FRP composites has a 

better strength to crack propagation due to the 

warp produces greater shear strength to the crack 

opening in the matrix when compared to continuous 

fibre or chopped fibre composites [1,2]. Thus, woven 

type FRP composites have the advantage of 

interlocking between fibres and also showed the 

possibility of a significant anisotropy reduction. 

Currently, the designer is looking for the high strength 

to weight ratios materials and also those that allow 

for cost savings [3-9] to undergo different loading 

conditions during service life. Hybrid composites are 

the best material solution for such applications. 

Hybrid composites are materials made by 

combining two or more different types of fibres in a 

same resin matrix [1-9]. The main reason of 

developing the hybrid systems is to improve 

toughness or stiffness of the material while reducing 

the cost of materials. Some fibres such as glass fibres 
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are relatively cheap and available in the market; 

additionally when hybridized with other fibres such as 

carbon fibres which are high cost and relatively low 

in compressive strength can get the advantages of 

both fibres and reduce the weaknesses of each of 

them. Hybrid fabrics, which consist of combination of 

woven glass, carbon and Kevlar fibres, produce 

unique properties of composites due to combination 

properties of these pristine materials. 

It is known that compression tests have been a 

challenge due to several factors such as Euler 

buckling, specimens’ geometric imperfection and 

misalignment of the specimen in the test fixture, fibre 

misalignment in the specimen and 

bending/stretching coupling in the laminate [10-13]. 

There are several studies on hybrid composites under 

compressive loads. The compressive behavior of 

hybrid composites made of carbon/glass woven 

fabrics was investigated by Pandya et al. in [6]. Haery 

et al. [7] studied hybrid composites materials made 

of 12 plain weave plies glass/carbon fibres using 

hand lay-up method and Wang et al. [8] 

investigated the mechanical properties of 

glass/Kevlar woven fabrics reinforced composites. 

Based on these researches [6-8] they concluded that 

for Kevlar composites, the compressive moduli are 

much lower compared to tensile moduli and 

compressive strength of hybrid composite was higher 

than the pure composite. There were also typical 

studied on hybrid composites under flexural, fatigue, 

impact loading and CAI. The impact, flexure and 

fatigue properties of hybrid composites were better 

than the pristine FRP composites.  

Therefore, the objective of this present work is to 

investigate the behaviour of hybrid composites 

made of carbon, glass and Kevlar cloth with epoxy 

resin under compressive loads. The results were then 

compared to the pure FRP systems. 

 

 

2.0  EXPERIMENTAL 
 

2.1  Materials 

 

Eight plies of woven cloth types carbon, glass and 

Kevlar fibre which were supplied by Vistec 

Technology Services (VTS) were used in this studies. 

The polymer matrix used was Morcrete BJC 39 epoxy 

resin with hardener supplied by Morstrong Industries 

Sdn. Bhd. 

 
2.2  Sample Preparation  

 

Hybrid composite laminates for 

carbon/Kevlar/carbon (C2K4C2/BJC39) layers and 

glass/Kevlar/glass (G2K4G2/BJC39) layers were 

fabricated using vacuum bagging system. The 

arrangement is shown in Figure 1. Eight layers of plain 

weave carbon, glass and Kevlar cloth were used to 

produce the panels with approximate thickness of 2-

2.5 mm, which complied with CRAG test method and 

ASTM D-3410. The Morcrete BJC39 epoxy resin and 

hardener were uniformly mixed with proportion ratio 

of 3:1 (as recommended in manufacturing 

datasheet) at room temperature. Then, the mixture 

of Morcrete BJC39 epoxy resin was poured onto a 

fibre layer by layer. The specimens were covered 

with plastic film to ensure the smooth surface finish 

and easy to remove. Next, the system was degassed 

for 1 hour in the vacuum bag section to eliminate 

any air bubbles existing in the composite. The 

composite system was then cured at room 

temperature and a load of 10 kN was applied for 24 

hours in order to ensure uniform laminate thickness. 

 

 

 
 

Figure1 Stacking configurations layer of fibre  

 

 

2.3  Compression Tests  

 

The compression tests were performed in 

accordance to the ASTM D-3410 and CRAG Test 

Method. The specimens with dimensions and gauge 

length of 110 mm x 10 mm and 10 mm were 

prepared. At least five specimens were tested for 

each system using a 100 kN INSTRON servo-hydraulic 

machine model 3382 with UiTM Dual guide 

compression test fixture as shown in Figure 2. The 

cross head speed of 1 mm/min was applied to the 

specimens until failure was observed. All the data 

were recorded by the computer via data acquisition 

system under compression loading. Several tests were 

stopped before the final failure occurred in order to 

examine the initial failure mode. The fractured 

specimen was prepared using the standard 

metallographic technique and observed under the 

optical microscope and Scanning electron 

microscopy (SEM) to identify the failure mechanisms 

involved during compression tests. 
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(a) 

 
(b) 

Figure 2 (a) A 100 kN compression servo-hydraulic 

machine with UiTM dual guide test fixture set-up 

for compression test (b) The example of hybrid 

C2K4C2/BJC39 compression test specimens 

 

 

3.0  RESULTS AND DISCUSSION 
 

3.1  Compressive Properties 

  

The compressive stress-strain responses of a typical 

hybrid composites system C2K4C2/BJC39 and 

G2K4G2/BJC39 under uniaxial static compression 

loading are shown in Figure 3. The figure presents the 

comparison between hybrid and non-hybrid (pure 

system of CFRP, GFRP and KFRP) composites systems 

performances after compression loads.  

In general, the compressive stress-strain graphs 

were linear up to a strain of 1.5% for C2K4C2, 1.5% for 

G2K4G2, 1.9% for CFRP, 1.6 for GFRP and 1.4% for KFRP. 

Based on the observation during the experiments, all 

specimens failed suddenly at the middle of the 

gauge section. It was accompanied by a 

spontaneous release of sound during fracture event. 

The elastic modulus of 14.70 GPa, 11.05 GPa, 21.19 

GPa, 13.52 GPa and 10.24 GPa was calculated at 

0.3% applied strain for C2K4C2, G2K4G2, CFRP, KFRP 

and GFRP composites, respectively. Catastrophic 

failure occurred at the average failure stress of 186.45 

Mpa, 122.11MPa, 239.82 MPa, 116.76 MPa and 114.14 

MPa for C2K4C2, G2K4G2, CFRP, KFRP and GFRP 

composites, respectively. Table 1 shows the summary 

of compressive properties of these two hybrid 

composite systems compared with pure systems. 

Table 1 Effects of hybridization on compressive properties of FRP composite laminates 

Compressive 

properties 

C2K4C2/BJC39 FRP G2K4G2/BJC39 

CFRP GFRP KFRP 

Compressive 

modulus,  

E (GPa) 

14.700.30 21.19 0.59 10.24 0.28 13.52 0.13 11.05 0.37 

Compressive 

strength,  

u (MPa) 

186.45 

0.22 
239.82 0.13 114.14 0.25 116.76 0.30 122.11 0.58 

Compressive 

strain at break, f  

(%) 

1.59 1.91 1.63 1.48 1.54 

Compressive 

load (kN) 

0.12 1.59 0.72 0.85 0.73 
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Figure 3 Typical stress-strain curves of hybrid and non-hybrid (pure) composites specimens loaded in static uniaxial compression 

loads 

 

 

3.2  Hybridization Effects  

 

The hybridization effects of carbon/Kevlar/carbon 

(C2K4C2/BJC39) layers and glass/Kevlar/glass 

(G2K4G2/BJC39) layers on compressive stress-strain 

are summarized in Table 1. As expected, the CFRP 

composite laminates had the highest compression 

strength and GFRP had the lowest compressive 

strength. This observation is similar to Zhang et al. [9] 

which reported that the average compressive 

strength of pure glass fibre account almost 50% less 

than the pure carbon. For hybrid systems, it was 

observed that the compressive strength of 

G2K4G2/BJC39(116.76 MPa) system showed slightly 

higher compared to GFRP (114.15 MPa)  composites. 

It was also observed that, the hybridazation of 

glass/Kevlar not much contribute to the 

improvement of Compressive Modulus (11.05 GPa) 

when compared to pure GFRP (10.24 GPa). The 

results showed that carbon fibre composites have 

better properties compared to those of glass fibre 

and Kevlar fibre composites. This is due to the fact 

that, the elastic modulus of carbon fibre is higher 

than glass fibre and Kevlar fibre.  

 

  

 
 

  
 

Figure 4 SEM fractography of C2K4C2/BJC39 showing the 

fracture surface 

 

 

 

 

 

Carbon 
Fibre 

Kevlar 
Fibre 

 

 
 

 

 

 

P 

P 
Fractured specimen 



79                            Norhafiza Muhammad et al. / Jurnal Teknologi (Sciences & Engineering) 76:9 (2015) 75–80 

 

 

The presence of Kevlar fibre in the inner layers makes 

the specimens not to failure by brittle cracking, as 

shown in Figures 4 and 5. The specimens of pure CFRP 

and GFRP composites failed in brittle manner where 

these specimens cracked and broken into two 

sections after they were loaded under compression. 

Figures 4 and 5 showed that the hybrid systems of 

C2K4C2/BJC39 and G2K4G2/BJC39 failed into two 

regions without separation. The SEM micrographs 

showed that these two regions still intact to each 

other due to the presence of Kevlar fibres. The 

compressive strength of C2K4C2/BJC39 hybrid system 

showed second higher value when compared to the 

other composites. The enhanced compressive 

strength for the carbon fibre in the outer layers may 

be caused by the properties of the carbon fibres 

itself. 
 

 
 

 
 

Figure 5 SEM fractography of G2K4G2/BJC39 showing the 

fracture surface 

 

 

4.0  CONCLUSION 
 

Studies on hybridization effect of woven fabric 

composites under compressive loading are very 

limited. In this research, woven hybrid composite 

systems which were made of carbon/Kevlar and 

glass/Kevlar were successfully fabricated. The 

compressive properties of hybrid composites were 

determined based on the compressive stress-strain 

graphs. It can be concluded that the presence of 

Kevlar fibre enhanced the properties of glass fibre 

composites. Glass/Kevlar Hybrid composites have 

better properties such as stiffness, ductility and 

strength that cannot be achieved by single fibre 

reinforced composites alone. It was also observed 

that placing carbon layers in the exterior and Kevlar 

layers in the interior gave higher compressive strength 

compared to placing glass layers in the exterior and 

Kevlar layers in the interior. In general, Kevlar are high 

in strength but has very low stiffness. The presence of 

carbon and glass fibres at the exterior layers results in 

enhancement of compressive properties of Kevlar 

composites. In addition, the presence of Kevlar fibre 

in the inner layers resulted in a better failure mode of 

the hybrid composites when compared to their pure 

systems. Hybrid composites did not failed in brittle 

manner. Therefore, the results obtained could 

contribute to the new knowledge on the 

compressive properties of woven fibre hybrid FRP 

composites. 
 

 

Acknowledgement 
 

The authors would like to thank Research 

Management Institute (RMI) Universiti Teknologi 

MARA (UiTM), Ministry of Education Malaysia and 

Institute of Graduate Studies (IPSIS) for the financial 

supports. This research work is performed at the 

Faculty of Mechanical Engineering, UiTM Malaysia 

under the support of Research Acculturation 

Collaborative Effort (RACE) no: 600-RMI/RACE 

16/6/2(7/2013) and Principal Investigator Support 

Initiative (PSI) no: 600-RMI/DANA 5/3/PSI (361/2013). 

 

 

References 
 
[1] Valença, S. L., Griza, S., Oliveira, V. G. d., Sussuchi, E. M. 

and Cunha, F. G. C. d. 2015. Evaluation of the Mechanical 

Behavior of Epoxy Composite Reinforced. Composite: Part 

B. 

[2] Mishnaevsky Jr, L. and Dai, G. 2014. Hybrid Carbon/Glass 

Fiber Composites: Micromechanical Analysis of Structure–

Damage Resistance Relationships. Computational 

Materials Science. 81: 630-640. 

[3] Reis, P. N. B., Ferreira, J. A. M., Antunes, F. V. and Costa, J. 

D. M. 2007. Flexural Behaviour of Hybrid Laminated 

Composites. Composites Part A: Applied Science and 

Manufacturing. 38: 1612-1620. 

[4] Swolfs, Y., Crauwels, L., Breda, E. V., Gorbatikh, L., Hine, P. 

and Ward, I. et al. 2014. Tensile Behaviour of Intralayer 

Hybrid Composites of Carbon Fibre and Self-Reinforced 

Polypropylene. Composites Part A: Applied Science and 

Manufacturing. 59: 78-84. 

[5] Shan, Y. and Liao, K. 2002. Environmental Fatigue Behavior 

and Life Prediction of Unidirectional Glass–Carbon/Epoxy 

Hybrid Composites. International Journal of Fatigue. 24: 

847-859. 

[6]  Pandya, K. S., Veerraju, C. and Naik, N. 2011. Hybrid 

Composites Made of Carbon and Glass Woven Fabrics 

Under Quasi-Static Loading. Materials & Design. 32: 4094-

4099. 

[7] Haery, H. A., Kim, H. S., Zahari, R. and Amini, E. 2013. Tensile 

Strength of Notched Carbon/Glass/Epoxy Hybrid 

Composite Laminates Before and After Fatigue Loading. 

Journal of Industrial Textiles. 1528083713487757. 

[8]  Wang, Y., Li, J. and Zhao, D. 1995. Mechanical Properties 

of Fiber Glass and Kevlar Woven Fabric Reinforced 

Composites. Composites Engineering. 5: 1159-1175. 

[9] Zhang, J., Chaisombat, K., He, S. and Wang, C. H. 2012. 

Hybrid Composite Laminates Reinforced with 

Glass/Carbon Woven Fabrics for Lightweight Load Bearing 

Structures. Materials & Design. 36: 75-80 

[10] Jumahat, A., Soutis, C., Jones, F. R. and Hodzic, A. 2010. 

Improved Compressive Properties of a Unidirectional CFRP 

Failure region 



80                            Norhafiza Muhammad et al. / Jurnal Teknologi (Sciences & Engineering) 76:9 (2015) 75–80 

 

 

Laminate using Nanosilica Particles. Advanced 

Composites Letters. 19(6): 204-207. 

[11] Jumahat, A., Soutis, C., Jones, F. R. and Hodzic, A. 2012. 

Compressive Behaviour of a Nanoclay-Modified 

Aerospace Grade Epoxy Polymer. Plastics, Rubber and 

Composites. 41(6): 225-232. 

[12] Muhammad, N., Jumahat, A., Hamzah, M.H. and 

Mahmud, J. 2014. Design and Fabrication of Compression 

Test Rig for FRP Composites. Materials Research 

Innovations Journal. 18(Suppl 6): 232-235. 

[13] Jumahat, A., Soutis, C., Ali, N.M. and Mahmud, J. 2013. 

Fibre Misalignment Measurement of Nanomodified–

Unidirectional Carbon Fibre Laminates. Applied 

Mechanics and Materials. 393: 200-205. 

 

 


