
Advances in Environmental Biology, 8(8) 2014, Pages: 2655-2661 

 

AENSI Journals 

Advances in Environmental Biology 
 

 

Journal home page: http://www.aensiweb.com/AEB/ 

 

 

Corresponding Author: Napisah Sapiai, Faculty of Mechanical Engineering, Universiti Teknologi MARA, 40450 Shah 

Alam, Selangor, 

                                          E-mail: aidah_jumahat@gmail.com, phone no: +60355435135 

Tensile and Compressive Properties of Hybrid Carbon Fiber/ Kenaf Polymer  
Composite 
 
Napisah Sapiai, Aidah Jumahat, R.N. Hakim 

 
1Faculty of Mechanical Engineering, Universiti Teknologi MARA, 40450 Shah Alam, Selangor. 
 

A R T I C L E  I N F O   A B S T R A C T  

Article history: 

Received  28 February   2014 

Received in revised form 25 May 2014 

Accepted 6 June 2014 

Available online 20 June 2014 

 
 

Keywords: 

Kenaf Fiber Carbon Fiber 
Carbon-Kenaf Fiber Tensile 

properties Compressive properties 

 
 

 Background: Carbon fiber reinforced polymer (CFRP) composites have been used 

extensively in automotive and marine industries due to their lightweight high-strength 

properties. Meanwhile, Kenaf fiber reinforced polymer (KFRP) is commercially used in 

the natural fiber composite industries recently due to their low density, no health risk, 

high specific strength and modulus and renewability. However, the natural fiber has 

limitation in their strength and modulus, high moisture absorbtion and poor adhesion in 
fiber-matrix bonding. In this study, a new material based on carbon fiber, kenaf fiber 

and epoxy were developed and characterized which is known as carbon kenaf fiber 

reinforced polymer (CKFRP) composite. The fabrication of fiber reinforced polymer 
(FRP) have been done by using filament winding and vacuum bagging system. 

Objective: The aim of this study is to investigate tensile and compressive properties of 

the longitudinal (0o unidirectional) and transverse (90o unidirectional) of kenaf fiber and 
hybridization of the longitudinal and transverse kenaf fiber with plain weave carbon 

fiber. The specimens were tested using Instron universal tester machine according to 
ASTM D3039 standard for tensile test and ASTM D3410 standard for compression test. 

Results: It was found that the properties of hyrid CKFRP were improved by addition of 

carbon fiber. The hybridization of carbon fiber in 0o unidirectional enhances 136% 
compressive strength, 58 % compressive modulus, 160% tensile strength and 65% 

tensile modulus. In 90o unidirectional, the properties of compressive strength, 

compressive modulus, tensile strength and tensile modulus increase up to 74 %, 240 %, 
112% and 939%, respectively. Conclusion: Longitudinal kenaf fiber always gives good 

result in tensile properties due to tensile strength dependent on the fiber strength. 

Besides, the transverse fiber gives disadvantageous to tensile properties because the 
composite depends only on the shear properties of matrix. The hybridization of carbon-

kenaf (CKFRP) in 0o unidirectional show good results in both compressive and tensile 

properties compare to 90o unidirectional. 
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INTRODUCTION 

 

 Fiber reinforced polymer (FRP) is a composite material consisting of a polymer matrix with high strength 

fibers such as glass, aramid and carbon fiber. Generally, there are two types of polymer matrix, which are 

thermoplastic and thermosetting. Thermoplastic materials currently dominate as matrices in bio fiber and the 

most commonly used are polypropylene (PP), polyethylene (PE) and polyvinyl chloride (PVC). The 

thermosetting materials like epoxy and polyester are widely used in synthetic fiber. In the recent decades, there 

are many manufacturers looking into natural fiber reinforced thermoset composite in automotive and aeronautic 

application due to their advantages over conventional glass and carbon fibers. Natural fiber composites are also 

claim to have good advantages such as low cost, low density, comparable specific tensile properties, 

nonabrasive to the equipment, non-irritation to the skin, reduced energy consumption, less health risk, 

renewability, recyclability and biodegradability, good thermal behavior and easy fiber surface modification 

[12,11,9,8].  

 Although there are many types of natural fiber (such as hemp, sisal, jute, flax, pineapple leaf, abaca)  are 

available, kenaf fiber is the one of natural fiber that currently develops for interior components such as side wall 

and ceiling panel and other low load bearing parts for new generation green aircraft. Kenaf fibers have been 

selected because of their attractive properties [4]. Kenaf (hibiscus cannabinus, L.family Malvaceace) plants as 

shown in Figure 1 can be grown under a wide range of weather condition and it usually can reach maturity in 

about three month after they have grown [3,10]. However, certain drawback of natural fiber/polymer is 
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incompatibility between the natural fiber and matrices. This will lead to undesirable properties of the composite. 

Therefore, it is necessary to modify the composite into better properties. Thus, the combination of the carbon 

fiber and kenaf fiber will extend the possibilities of natural fiber/synthetic fiber/thermosetting material. Hybrid 

composite are made by two or more different types of fibers offer a range of properties that cannot be obtained 

with a single kind reinforcement [6].   

The tensile properties of composites are noticeably improved by adding fibers to a polymer matrix since 

fibers have much higher strength and stiffness values than those of the matrices as shown in Tables 1 and 2 [5]. 

The tensile of natural fiber reinforced polymer are mainly influenced by the interfacial adhesion between matrix 

and fiber. The tensile strengths of the natural fiber reinforced plastic increased with fiber content, up to a 

maximum or optimum value, then the value will drop.  Previous studies were suggested that the fiber alignment 

also plays an important factor in the strength of the composite. They suggested that aligned kenaf fiber gave 

high properties compared to chopped fiber. It was due to the load is transported parallel along the fiber length 

thus making the fiber stronger [10,1].  

In compression, the composite properties depend on the quality of fiber-matrix interface and the resin 

stiffness, The stiffer matrix provides a better lateral support to the fiber thus it’s will delays the fiber 

microbuckling and promote higher strain to failure [1]. Failures of the laminate such as non-uniform fiber 

distribution (presence of fiber and matrix-rich regions), misalignment of fibers and microvoids in the matrix 

could be exist during the manufacturing process. These defects could act as sites of local stress concentration, 

which can initiate failure. The data of compressive test on fiber reinforced composites are limited due to 

buckling problem and the specimens design have been develop to overcome the problem. 

In this study, the effect of 0
o
  unidirectional  (longitudinal) and 90

o
 unidirectional (transverse) of kenaf fiber 

alignment in pure kenaf fiber reinforced plastic (KFRP) and hybrid carbon kenaf reinforced plastic (CKFRP) 

composites was conducted. The study will be focused on the tensile and compressive properties of the 

composites.  
 

Table 1: Properties of selected Natural and Manmade Fibers [5] 
Fiber Density 

(g/cm3) 

Elongation (%) Tensile Strength (MPa) Elastic Modulus (GPa) 

Cotton  1.5-1.6  7.0-8.0  400  5.5-12.6  

Jute  1.3  1.5-1.8  393-773  26.5  

Flax  1.5  2.7-3.2  500-1500  27.6  

Hemp  1.47  2-4’  690  70  

Kenaf  1.45  1.6  930  53  

Ramie  N/A  3.6-3.8  400-938  61.4-128  

Sisal  1.5  2.0-2.5  511-635  9.4-22  

Coir  1.2  30  593  4.0-6.0  

Softwood Kraft Pulp  1.5  4.4  1000  40  

E-glass  2.5  0.5  2000-3500  70  

S-glass  2.5  2.8  4570  86  

Aramid (Std.)  1.4  3.3-3.7  3000-3150  63.0-67.0  

Carbon (Std. PAN-based) 1.4 1.4-1.8 4000 230-240 

 
Table 2: Properties of typical thermosetting polymers used in natural fiber composites [5] 

Properties Polyester Resin Vinyl ester Resin Epoxy 

Density (g/cm3)  1.2-1.5  1.2-1.4  1.1-1.4  

Elastic modulus (GPa)  2-4.5  3.1-3.8  3-6  

Tensile strength (MPa)  40-90  69-83  35-100  

Compressive Strength (MPa)  90-250  100  100-200  

Elongation (%)  2  4-7  1-6  

Cure Shrinkage (%)  4-8  N/A  1-2  

Water Absorption 

 (24 h@20oC)  

0.1-0.3  0.1  0.1-0.4  

Izod Impact Strength (J/m)  0.15-3.2  2.5  0.3  

 

Methodology: 

1.1 Fabrication of Fiber Reinforced Polymer: 

Carbon Fiber Reinforced Polymer (CFRP), Kenaf Fiber Reinforced Polymer (KFRP) and Carbon Kenaf 

Fiber Reinforced Plastic (CKFRP) composites laminates were prepared based on plain woven carbon fiber 

(supplied by Nexus Sdn. Bhd.), long kenaf fiber (supplied by Innovative Pultrusion Sdn. Bhd) and Morcrete 

epoxy resin (supplied by Morstrong Industries Sdn. Bhd.). The kenaf fibres were wound onto a 300 mm x 180 

mm aluminium frame using a dry filament winding technique with frame rotates at 22 rpm. The pure resin used 

in this study was a mixture epoxy and an amine curing agent with ratio of  3:1 (suggested by supplier) for 3-5 

minutes. The frame of wound fibres was immersed in the resin and wrapped using a vacuum bag for one hour to 

remove any entrapped air. For CKRFP system, the plain woven carbon fiber was then layup onto both side of 

wounded kenaf fibers. The composites systems were cured within 24 hours before cutting into specific size 
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according to the ASTM standard as shown in table 1. Figure 2 shows the dry filament winding machine and 

vacuum bagging system that used in processing of the composites. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 1: Kenaf Plants 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 2: (a) A dry filament winding machine for kenaf fiber (b) Vacuum bagging system 

 

1.2 Tensile and Compressive Test: 

The performance of materials was characterized by their properties and behavior under tensile, 

compressive, shear and other static or dynamic loading condition in both normal and adverse test environment. 

In this study, the behavior of FRP focused on tensile and compressive properties. The rectangular shape of 

specimens for tensile test and compressive were cut according to ASTM standard as shown in Table 3. Both of 

tensile and compressive test were conducted using Instron 3382 100kN Floor Model Universal Testing Machine 

(UTM) but with different speed rate. The speed rate of 2mm/min used in tensile test meanwhile speed rate of 

1.5mm/min used in compressive test. The tensile test was fixed based on ASTM Standard D3039 and 

compressive test was fixed based on ASTM Standard D3410. Tensile and compressive properties for 0
0
 and 90

0
 

unidirectional (UD) laminates KRFP and CKRFP such as tensile strength, tensile modulus, compressive 

strength and compressive modulus were determined based on the standard. At least five specimens were test for 

each system. Figure 3 shows the Universal Testing Machine (UTM) attached with specimen of tensile and 

compression test. 

 
Table 3: Standard size for tensile and compressive test specimens 

Test Tensile test 

 

Compressive Test 

Fiber Orientation 

Width, 

mm 
 

Overall Length, 

mm 
 

Thickness, 

mm 
 

Width, 

mm 
 

Overall Length, 

mm 
 

Thickness, 

mm 
 

0° unidirectional 15 250 4 10 140 4 

90° unidirectional 25 175 4 25 140 4 

balanced and symmetric 25 250 2.5 25 140 2.5 

 
 

 

(a) (b) 
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Fig. 3: Instron 3382 100kN Floor Model Universal Testing Machine (a) Tensile test (b) Compression test 

 

RESULTS AND DISCUSSION 

 

2.1 Tensile Test: 

Tensile strength is the most important mechanical properties that should be concern in fabricating fiber-

reinforced composites. The unidirectional of the fiber alignment often affect the tensile strength. In this study, 

concerns focus on kenaf fiber alignment because the carbon fiber used is plain woven. Figure 4 illustrates the 

graph of tensile stress versus tensile strain for CFRP, KRFP and CKFRP in (a) 90
o
 and (b) 0

o 
unidirectional. 

Table 4 shows that the pure carbon (CFRP) always gives a very high in tensile stress which is 176.37Mpa and 

11.67Gpa in tensile modulus. The tensile stress for 0
o 

unidirectional of KFRP and CKFRP are 42.38Mpa and 

110.20 Mpa, respectively. The tensile stress for 90
o 

unidirectional of KFRP and CKFRP are 3.52Mpa and 

43.11Mpa, respectively. The 0
o 

unidirectional of KFRP and CKFRP give better result compare to 90
o 

unidirectional. The tensile stress increases up to 160% for CKFRP and 65% for KRFP in 0
o 

unidirectional. It is 

because the improvement of tensile strength and modulus strongly depend on the fiber alignment. D.Nabi Saheb 

and J.P.Jog, 1999 suggested that the fiber orientation determined the tensile strength and tensile modulus. For 

unidirectional fiber reinforced polymer parallel to the tensile loading (0
o
 unidirectional), the specimens fail by 

tensile rupture of the fiber which is followed by debonding of fiber-matrix interface. Meanwhile, the specimen 

of 90
o
 unidirectional fiber reinforced polymer failure by tensile rupture of matrix or fiber-matrix interface. Table 

4 shows the tensile properties of CFRP, KRFP and CKFRP. For the woven CFRP, the laminates provide 

properties that more balanced in the 0
o
 and 90

o
 directions than unidirectional. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 4: Graph of stress versus strain for KFRP, CFRP and CKFRP for 

(a) 90
o
 and (b) 0

o 
unidirectional 

 

 

 

(a) (b) 
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Fig. 5: Tensile modulus of KFRP, CFRP and CKFRP for 90

o
 and 0

o 
unidirectional 

 
Table 4: Tensile Properties of CFRP, KRFP and CKRFP 

SPECIMENS 
Density  

(g/cm3) 

Tensile Stress 

(Mpa) 

Tensile Modulus 

(Gpa) 

 

Specific Tensile Modulus 

Gpa/( g/cm3) 
 

CFRP 

(plain weave) 
1.5341 176.37 11.67 7.60 

KRFP 

(0o  D) 
1.4821 

42.38 2.43 1.64 

KRFP 

(90o  D) 
3.52 0.33 0.23 

HYBRID CKFRP 

(0o  D) 
1.4896 

110.20 4.00 2.68 

HYBRID CKFRP 

(90o  D) 
43.11 3.43 2.30 

 

2.2 Compression Test: 

Compressive properties of composite laminates are difficult to measure owing to sidewise buckling of the 

specimens. 

The compressive properties of CFRP, KFRP and CKFRP as shown in Figure 6 and 7 were test using special 

design compression fixture to prevent specimens from crushing and buckling. As expected, the hybridization 

with carbon fiber give better result compare to kenaf natural fiber and 0
o 

unidirectional give higher compressive 

stress than 90
o
 unidirectional. The compressive stress for 0

o 
unidirectional of KFRP and CKFRP are 12.07 Mpa 

and 28.52 Mpa, respectively. The compressive stress for 90
o 

unidirectional of KFRP and CKFRP are 12.17 Mpa 

and 21.18 Mpa, respectively. The 0
o 

unidirectional of KFRP and CKFRP give better result compare to 90
o 

unidirectional. The compressive modulus of CKFRP also good compare to KFRP even though not as good as 

CFRP. The compressive stress of 0
o
 unidirectional also depends on fiber type, fiber alignment and fiber matrix 

interface. Table 5 shows the compressive properties of the KRFP, CFRP and CKFRP composites. 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 6: Compressive stress Vs Compressive strain for KFRP, CFRP and CKFRP for (a) 90
o
 and (b) 0

o 

unidirectional 
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Fig. 7: Compression modulus of KRFP, CFRP and CKRFP 

 
Table 5: Compressive Properties of CFRP, KRFP and CKRFP 

SPECIMENS 
Density 

(g/cm3) 

Compressive 

Stress 
(Mpa) 

Compressive 

Modulus 
(Gpa) 

Specific Compressive Modulus 

Gpa/( g/cm3) 

CFRP 

(plain weave) 
1.5341 81.82 5.17 3.37 

KRFP 
(0o  D) 

1.4821 

12.07 2.00 1.35 

KRFP 

(90o  D) 
12.17 0.80 0.54 

HYBRID CKFRP 
(0o  D) 

1.4896 

28.52 3.17 2.13 

HYBRID CKFRP 

(90o  D) 
21.18 2.57 1.73 

 

Conclusion: 

The hybridization of carbon-kenaf (CKFRP)
 
in 0

o 
unidirectional shows good result in both compression and 

tension properties compared to 90
o
 unidirectional. Longitudinal (0

o 
 unidirectional) kenaf fiber gives good result 

in tensile properties due to tensile strength dependent on the fiber strength. While, the transverse (90
o 

unidirectional) fiber gives disadvantageous to tensile properties because the composite depends only on the 

shear properties of matrix. However, the mechanical properties of that CKRFP are not as high as synthetic 

carbon fiber (CFRP) composite. The hybridization is a good method to improve the mechanical properties of the 

KFRP composite.  
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