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ABSTRACT

This study is aimed to investigate the fatigue limit of the hybrid composites of kenaf and kevlar reinforced epoxy. Most of the 
engineering components used in the military appliance and in high technology competition like Formula One Racing car, 
uses synthetic fibre as their main component in their structural design due to their high mechanical properties. However, 
by using this material in a small portion of quantity is extremely expensive, uneconomical and becomes over-designed. In 
this study, kevlar-29 and a woven kenaf being hybrid together using technique of vacuum resin infusion. The fatigue test 
was conducted at a constant stress amplitude with frequency of 3 Hz, in accordance to ASTM D3479. It was found that the 
transition region has significant influence on the fatigue results since there are significant reductions on Young’s Modulus. 
In addition, the endurance limit for the developed composites was almost similar with the Aluminium Alloy with known 
knee of shape determining the exact fatigue limit. The fatigue limit was read at a million cycles (1005498 cycles). The SEM 
study has showed the damage mechanism of this developed composites which is started by matrix cracking and followed by 
fibre breakage and delamination between kenaf fibre and kevlar fibre once the develop composite reach the failure point. 
Thus, this development of hybrid composite shows good agreement findings and has high potential to replace or reduce the 
usage of synthetics fibre.
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ABSTRAK

Kajian ini bertujuan untuk mengkaji batas kelesuan komposit hibrid kenaf dan epoxy diperkukuhkan dengan kevlar. 
Kebanyakan komponen kejuruteraan yang digunakan dalam peralatan ketenteraan dan dalam persaingan teknologi tinggi 
seperti kereta Formula One Racing, menggunakan serat sintetik sebagai komponen utamanya dalam reka bentuk struktur 
mereka kerana sifat mekaniknya yang tinggi. Walau bagaimanapun, dengan menggunakan bahan ini dalam sebahagian 
kecil kuantiti sangat mahal, tidak ekonomik dan menjadi lebih direka bentuk. Dalam kajian ini, kevlar-29 dan serat kenaf 
tenunan digabungkan secara hibrid menggunakan teknik infusi resin vakum . Ujian kelesuan dilakukan pada amplitud tekanan 
malar dengan frekuensi 3 Hz, sesuai dengan piawaian ASTM D3479. Telah didapati bahawa rantau peralihan mempunyai 
pengaruh yang signifikan terhadap keputusan kelesuan kerana terdapat pengurangan ketara pada nilai Modulus Young. Di 
samping itu, had ketahanan untuk komposit yang maju adalah hampir serupa dengan Aloi Aluminium dengan lengan bentuk 
yang diketahui menentukan batas kelesuan yang tepat. Batasan kelesuan dibaca pada satu juta kitaran (1005498 kitaran). 
Kajian SEM telah menunjukkan mekanisme kerosakan komposit maju yang dimulakan oleh retakan matriks dan diikuti 
oleh pemecahan serat dan penyimpangan antara gentian kenaf tenunan dan gentian kevlar apabila komposit berkembang 
mencapai titik kegagalan. Oleh itu, perkembangan komposit hibrid ini menunjukkan penemuan yang baik dan berpotensi 
tinggi untuk menggantikan atau mengurangkan penggunaan serat sintetik.

Kata kunci: Had kelesuan; Komposit hibrid; Retakan matriks; Rantau peralihan; Infusi vakum resin

INTRODUCTION

It is essential to understand the fundamentals of natural fibre 
reinforced composites and the importance of this material 
as an alternative candidate to synthetic fibre reinforced 
composites. Attempts have been made to use the natural 
fibre composites in places of glass mostly in non-structural 

applications. In composites, fatigue damages and failure 
mechanisms are more complex compared to homogenous 
materials such as metal (Suriani et al. 2013). Kenaf is one 
of the natural plants fibre used as reinforcements in Polymer 
Matrix Composites (Akil et al. 2011). With the economic and 
ecological advantages, it takes less energy to produce 1 kg of 
Kenaf compare to 1 kg of glass fibre. Kevlar is the mostly used 
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material in many applications. The positive outcome of the 
results indicate naturals fibre are good candidates to substitute 
glass fibre reinforced in polymer composites (Nishino et al. 
2003). Natural fibres such as kenaf, hemp, flax, coir and others 
have become increasingly suitable alternatives to glass fibre 
and have the potential to be used in cheaper, more sustainable 
and more environmentally friendly composite materials 
(Wambua 2003 and Westman et al. 2010). This is due to their 
properties such as strong and stiff. Due to their low density, it 
has the potential to produce composites with similar specific 
properties to those E-glass. However, the extra usage of this 
material could lead to the pollutions as this material is not 
friendly environment and non-biodegrable. In addition, this 
material were too expensive and also difficult to disposed at 
the end of their lifetime. The only method to disposed it by 
discard the waste in landfills, which is becoming costly in 
many countries with the introduction of landfill taxes (Gayer 
et al. 1996). 

Latest technology now use the hybridization technique 
to full enhance and give optimum use of natural fibre and 
synthetic fibre. More precise, some mechanical properties 
limitation of agro-based materials such as low tensile stress 
and low fatigue limit to non-structural and semi structural 
of application were increase by using this hybridization 
technique (Davoodi et al. 2010). Researched by Aidy et al 
(2018) and Sanjay et al. (2018) supported that the mechanical 
properties of agro-based materials could be enhance by 
hybridization technique and provide superior strength to the 
hybrid composite.

Every single material has a certain amount number of 
cycles that it can withstands. Fatigue phenomena can happen 
without gives any sign when reach to the maximum number of 
cycles which is the ultimate tensile strength or yield strength. 
There several reason for this but for a lamina and laminate 
composite have many failure modes and failure mechanism. 
These mechanisms will respond differently to fatigue loading 
(Harris 2003). It is particularly difficult for fibre reinforced 
plastics compared to most metals, because non-catastrosphic 
damages such as microcracking, fibre debonding and fibre 
fractures can occur throughout the stressed volume (Sims, 
2003). According to Wu and Yau (2009), there are four basic 
failure occurs in the composites under cyclic loading which 
are matrix cracking, interfacial debonding, delamination and 
fibre breakage.

This paperwork described the fatigue limit of hybrid 
composites of kenaf and kevlar K-29 in order to aim the 
reduction of synthetics fibre in many engineering applications, 
especially for defence purpose such bullet proof vest and 
vehicle function. Common technique in hybridization the 
natural fibres and synthetic fibres is hand lay-up technique. 
Hence, the technique of vacuum resin infusion has been 
applied to reduce a numbers of void that might affect the 
properties of composite. This paper finally discussed on the 
fatigue limit of the hybridization kenaf/kevlar composite 
and were compared with previous work which use hand 
lay-up method to hybrid the composite. In addition, stiffness 
degradation also been discussed and damage mechanism 

observation also been made using scanning electron 
microscope (SEM).

METHODOLOGY

ExPERIMENTAL SETUP

The hybrid composites were developed and bonded together 
by vacuum resin infusion technique. Figure 2 showed the 
vacuum resin infusion technique been applied to the hybrid 
composite. 4 layers of Kevlar 29 and 4 layers of woven kenaf 
were mixed and bonded together using epoxy resin. The epoxy 
being sucked in seal container containing 4 layers of kenaf 
(upside) and 4 layers of kevlar K-29 (downside) and epoxy 
resin were spread through spiral tube all over the surface of 
hybrid composite, as shown in Figure 2. The specimens were 
left to dry room at room temperature overnight. The specimen 
size were prepared accordance to ASTM D3039 (2008) which 
is constant rectangular cross-section type (230 mm x 15 mm 
x 8 mm) with 150 mm gage length and end tabs applied as 
shown Figure 1. 

FIGURE 1. The size and dimension for composite specimen, based 
on ASTM D3039 (2008)

FIGURE 2. The vacuum resin infusion technique

Tabs (40 mm x 15 mm x 2 mm) which made from 
aluminium were bonded by epoxy resin in both ends of 
specimen in order to prevent slippage and premature failure, 
accordance to ASTM D3039/D3039M (2008). This specimen 
were used for Tensile Test and Fatigue Test. 
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Tensile test will carry out accordance to the ASTM 
D3039/D3039M using the universal testing machine type 
10 kN Instron 3366 at 25 ± 2°C of ambient temperature. 
Testing were conducted at recommended speed of 2 mm/min 
(0.05 in/min), 0.1 min-1 using the lowest speed that ruptures 
the specimen within 1 to 10 minutes as proposed by ASTM 
D3039/D3039M standard.

The Bluehill 2 Material Testing Software in Instron 
data acquisition were provided to analyze all the data from 
calculation and stress-strain curve construction. The fatigues 
test were done using Instron 8801 Servo Hydraulic Fatigue 
Testing Machine, accordance to ASTM D3479 as shown in 
Figure 3.

The damage mechanism for the specimens were 
observed and studied using Carl Zeiss 7353 Scanning 
Electron Microscope (SEM). The observation were done 
on both layer; kenaf and kevlar. The affected surfaces of 
specimens were coated in temperature chamber for 24 hours 
to ensure the moisture effect were eliminated prior to the 
surface morphology study in the SEM. The setting of 10.0 
kV and magnification between 100X to 300X were chosen 
to observed the fracture composites.

RESULTS AND DISCUSSION

Figure 6 showed the S-N curve for Kenaf/Kevlar Fibre 
Reinforced Epoxy and the result was compared with 
experimental data by Abdul Hakim (2011). The stress range 
level applied is between 48.76 MPa – 21.67 MPa. The 
lowest stress level ratio, which is 0.4 UTS indicated that in 
this region of applied stress ratio, it is more sensitive to the 
fatigue resistance since it can withstand the specimen cycles 
to 1 million cycles without failure. The experiments started 
with tensile test to determine the Ultimate Tensile Strength 
(UTS). Table 1 showed the result of tensile test. From these 3 
specimens, the average reading of UTS were taken for fatigue 
test requirement, which is 54.18 MPa.

Using the UTS value, fatigue test was conducted. Figure 
5(a) and 5(b) showed the 6 specimens after fatigue test. The 
fatigue test were conducted at various stress level from 0.9 
up to 0.4 of UTS value. From the analysis, it showed that 
kenaf does not experience the tearing failure mode such as 
kevlar. As mentioned Abdul Hakim Abdullah et al. (2012) the 
reduction of modulus elasticity was due to matrix cracking 
before it break. Besides that, the yield strength of kenaf is 
lower that kevlar, which cause the kevlar part has experience 
the tearing mode on it fibre before failure happen.

FIGURE 3. A specimen loaded onto Instron 8801 Servo Hydraulic 
Fatigue Testing Machine

Load Ratio, R = 0.1 and constant load amplitude with 
several different maximum stress levels. Frequency of 3 Hz 
were chosen to avoid any hysteresis heat generated upon 
the tests. The maximum stress levels starting from 0.9 of 
UTS (means 90% of Ultimate Tensile Strength) of specimen 
follow by 0.80 UTS, 0.70 UTS, 0.60 UTS, 0.50 UTS and 0.40 
UTS. For prevent slippage and to minimize any changes of 
premature grip failures, a constant pressure were applied on 
the Instron jaw upper and lower gripper. The machine were 
setting automatically to stop when a specimen fails or has 
reached 1 million cycles whichever occurs first. The aim for 
this research is meant for preliminary and exploratory of 
fatigue analysis of kenaf/kevlar reinforced with epoxy resin. 
Therefore, 6 data plots are needed as recommended the ASTM 
D 3479 to developed the S-N curve. Figure 4 showed the 
flowchart of the whole research.

Sample Preparation

Tensile Test

Fatigue Test

Damage Mechanisms
Observation

S-N Curve graphs 
Fatigue Life 

Fatigue Limit

Speed = 2 mm / min

Frequency = 3 Hz
And Load Ratio = ± 0.1

FIGURE 4. The flowchart of the research
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and kenaf/Kevlar epoxy composites. Whilst the results of 
15% kenaf/epoxy by Abdul Hakim (2011) and kenaf/Kevlar 
composite shows a fairly result. Hence, it can be concluded 
that the orientation of fibre and stacking sequence has a 
great influence in determined the fatigue strength and fatigue 
life of hybrid composite. As mentioned earlier, this hybrid 
composite were developed by 4 layer of kevlar and 4 layers 
of woven kenaf which bonded together using vacuum resin 
infusion technique.

(a)

0.5 UTS0.5 UTS0.5 UTS0.5 UTS

(b)

0.5 UTS0.5 UTS0.5 UTS0.5 UTS

FIGURE 5. The specimen condition after fatigue testing (a) Kevlar 
view (upper) and (b) Kenaf View (lower)

TABLE 1. The result of Tensile Test

No. of Ultimate Tensile Tensile Strain Young’s Modulus
Sample Strength (MPa) (%) (GPa)

1 53.84 1.27 7.13
2 48.32 1.61 5.66
3 60.37 1.26 7.92

It shows that the fatigue life is increasing when the lower 
level stress applied on the specimens. The plot presented 
the S-N curves trend which was the endurance limit was not 
very clearly achieved the endurance limit due to no drastic 
changes occurred between low cycle fatigue (LCF) at 1×10o 

up to 1×104 and high cycle fatigue (HCF) at 1×105  – 1× 106. 
However, it is still a fairly result obtained. Abdul Hakim 
et al. (2012) stated that the LCF criteria usually considered 
for application which needs high longitudinal stiffness and 
always determined the reliability for safety, whilst the HCF 
criteria involved in many structural design.

It can be seen that most of the data in Figure 6 falls to 
the HCF region; from Maximum stress in within 70 MPa to 
20 MPa, which shows that this hybrid composites still in 
good agreement and beneficial for application that required 
good fatigue life, whilst maintain a similar performance 
like synthetic fibres. It seems to be appeared that the 45% 
of kenaf/epoxy composites by Abdul Hakim (2011) were 
achieved the good results as its lower maximum stress value 
is higher compared to the 15% kenaf/epoxy composites 

Figure 7 shows the stiffness degradation on kenaf/kevlar 
fibre composites based on stress ratio compared with the 
experimental results of carbon/epoxy composites (Shokrieh 
2003). The slope of the S–N fatigue curve on Figure 6 
characterizes the degradation rate of the expected fatigue life 
(J.F Mandell 1984). It can be seen that the degradation rates 
of kenaf/Kevlar fibre reinforce epoxy composites shows a 
good agreement with carbon/epoxy composite by Shokrieh 
(2003).

FIGURE 6. S-N curve for kenaf/Kevlar fibre reinforced epoxy 
composite compared with Abdul Hakim (2011)

FIGURE 7. The stiffness degradation on kenafKevlar fibre 
composites based on stress ratio compared with the experimental 

results of carbon/epoxy composites (Shokrieh 2003)

This effects can be seen clearly in the curves between LCF 
and HCF regions. Abdul Hakim et al. (2012) mentioned that 
the 45% kenaf/epoxy composite may not give any significant 
in the HCF region as the 15% of kenaf/epoxy composite 
also could offer similar fatigue resistance in the HCF region 
and beyond. Therefore, from Figure 5, it can be seen that 
kenaf/kevlar reinforce epoxy composite also shows good 
agreement with 15% kenaf epoxy composite as the value of 
kenaf/kevlar achieved 1005498 cycles whilst kenaf/epoxy 
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(a)

0.5 UTS0.5 UTS0.5 UTS0.5 UTS

(b)

0.5 UTS0.5 UTS0.5 UTS0.5 UTS

achieved 1006987 cycles at low cycle fatigue (LCF). This 
also indicated that the vacuum resin infusion technique 
which increase the dispersion level fibre in epoxy matrix and 
reduced void in composites, thus improved the quality of the 
kenaf/Kevlar reinforced epoxy composites.

Figure 8 and Figure 9 shows the image of the surface 
kenaf and kevlar after fatigue tests. The image shows that 
there are several types of failure has been found, included 
matrix cracking, fibre breakage and void. Debris matrix 
cracking exist due to the initial crack after certain cyclic 
loading and propogate until the specimen become failure. Due 
to the yield strength of kevlar was higher than kenaf, the fibre 
turns to distortion before fibre breakage occurred and ended 
up with failure. These combination of damage mechanism in 
fatigue was similar proposed by Ativitavas et al. (2003).

including fibre breakage and matrix cracking. The sign of this 
type damage mechanism was achieved when the image of 
composite was magnified between 100 to 300 times. It can be 
seen that at 90% of Ultimate Tensile Strength, the composite 
specimens has experienced fiber breaks and matrix cracking 
both on kenaf and kevlar side which is consistent with the 
higher apparent stiffness of this specimen at test load. In 
addition, pure matrix cracking could still be found over the 
entire matrix area. Some void also appeared on kenaf side 
but not affected so much on the composite specimens and in 
certain areas only as the vacuum technique reduced lots of 
void areas of the composite specimens.

In addition, researched by P. Nimdum (2010) shows that 
the increasing of maximum applied stress has accelerate the 
stiffness reduction and damage evolution. The combination 
of damage mechanism of undirectional woven fabrics 
composite laminates by P. Nimdum (2010) shows that the 
cracking in warp yarn and the intralaminar delamination are 
the main cause of major damage. These effects on the hybrid 
composites could be seen clearly in Figure 4, Figure 7 and 
Figure 8. Comparison with Shokrieh (2003) on Figure 7 
showed that the degradation rates for kenaf/kevlar has more 
reduction in stress ratio than carbon/epoxy, which determined 
that it reached the catastrophic point earlier. Therefore, it 
showed that kenaf/kevlar hybrid composite were good in 
low cycle of fatigue (LCF).

CONCLUSION

The experimental determination of newly developed 
composite specimen of kenaf/kevlar (K-29) using vacuum 
resin infusion technique subjected to tension-compression 
fatigue loading is presented. The comparison results with the 
kenaf / epoxy composite shows that this fatigue result of the 
kenaf/kevlar fibre reinforced epoxy composite is good and 
comparable. From the results, it can be said that the fatigue 
life is independent to the amount of fibre volume ratio. Thus, 
it does not give any significant improvement at very high 
number of cycles (HCF). The uses of natural fibre like kenaf as 
reinforced material could reduce the dependent by synthetics 
fibre. Thus, it has a high potential to replace the synthetic 
fibres in the future, especially for low cycle fatigue (LCF). 
For future recommendation, it is strongly suggested that 
the effects of before heat treatment and after heat treatment 
could be study so that the environmental effect on the fatigue 
life and fatigue limit for this hybrid composites can be 
determined, in extends from million to billion cycles.
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FIGURE 8. Surface image of hybrid fibre composite (Kevlar view)

FIGURE 9. Surface image of hybrid fibre composite (Kenaf view)

Based on the research of Ativitavas et al. (2003) on 
Identification of Fiber Breakage in Fiber Reinforced Plasticby 
Low-Amplitude Filtering of Acoustic Emission Data, it is 
found that there are combination of damage mechanism, 
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