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ABSTRACT 
 

Fibre reinforced polymers are the contemporary advanced materials that possess high specific 
properties when compared to metallic alloys. They have been widely explored since the past few 
decades. This research study intends to investigate the quasi-static indentation behaviour of non-
hybrid and hybrid pineapple leaf / Kevlar fibre reinforced composites with various stacking 
configurations. Four fibre stacking configurations were fixed in the composite laminates. The 
composite panels were fabricated through hot moulding compression process. Quasi-static tensile 
and indentation test were then conducted to measure the tensile properties, energy absorption, 
maximum indentation force and specific energy absorption of the non-hybrid and hybrid composites. 
The front and rear fracture surface of the non-hybrid and hybrid composites were analysed after the 
indentation test. The findings evidenced that the hybrid pineapple leaf / Kevlar fibre reinforced 
composites showed a positive hybrid effect where the tensile properties, maximum indentation force 
and energy absorption were drastically improved after partial incorporation of Kevlar fibre in the 
composites. However, the hybrid composites with the outermost Kevlar fibre and middle pineapple 
leaf fibre showed comparable tensile and indentation properties to the non-hybrid Kevlar fibre 
reinforced composites. The results demonstrated the high potential of hybrid pineapple leaf / Kevlar 
fibre reinforced composites in the replacement of non-hybrid Kevlar fibre reinforced composites.              
 
Keyword: Hybrid composites; pineapple leaf fibre; Kevlar fibre; indentation properties; energy 

absorption 
 
 
1. INTRODUCTION 

 
A continuous effort has been given to the exploration of the environmental friendly materials with 
high specific properties. Fibre reinforced polymers (FRPs) are regarded as lightweight materials that 
possess high specific properties when compared to metallic alloys (Feng et al., 2018). However, 
current FRPs applied in the industrial applications are mainly dominated by synthetic fibres and 
thermoset matrix. Kevlar fibres are among the high strength synthetic fibres which encompass high 
impact resistance, stiffness and toughness (Johnson & Venkatesan, 2018). Due to their high impact 
resistance, Kevlar fibres are commonly employed for military and defence applications such as 
bulletproof vests, body armours and combat helmets. Despite the contemporary FRPs have high 
specific properties but such materials have led to the negative impacts on the environment and human 
health (Mostafa, 2019). One of the possible techniques to resolve the problem is by using natural fibre 
based composites instead of synthetic fibre based composites in industrial applications.  
 
To date, natural fibre based composites have been employed in aerospace, automotive, electrical and 
household applications (Sanjay et al., 2018). Due to the increasing demand for lightweight composite 
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materials, it is indispensable to continuously explore the potential of natural fibre based composites. 
The shift of synthetic fibre towards natural fibre based composites is expected as they can improve 
renewability, biodegradability, environmental friendliness, and reducing the cost and density of the 
materials (Afzaluddin et al., 2019). Indeed, the natural fibres have offered innumerable virtues such as 
carbon dioxide neutral, less abrasive, low energy consumption, low cost, biodegradability and 
lightweight properties (Arthanarieswaran et al., 2014; Paul et al., 2015; Karahan & Karahan, 2015; 
Vieira et al., 2017; Feng & Malingam, 2019). On this token, pineapple leaf fibre (PALF) has shown a 
great potential in which PALF possesses a relatively high mechanical strength compared to other 
natural fibres due to its high cellulose content. Furthermore, PALF is considered as an agricultural 
waste as their plant is mainly grown for the fruit rather than the fibres. As a result, the incorporation 
of PALF in the composite materials is beneficial to the environment and the mechanical properties of 
the composites.   
 
In spite of several attractive features in natural fibres, they also exhibit various shortcomings such as 
batch-to-batch variation, lack of thermal stability, weak impact resistance, susceptible to strength 
degradation and high moisture sensitivity (Santulli, 2007; Sgriccia et al., 2008; Adekunle et al., 2011; 
Asgarinia et al., 2015). The high moisture uptake of the natural fibres eventually leads to poor 
interfacial bonding with hydrophobic polymer matrices (Kushwaha & Kumar, 2010). Such 
impediments of natural fibres have retarded their use in structural applications. In fact, the demerits of 
natural fibres can be resolved using several techniques. Chemical treatments such as silane and alkali 
treatments are among the most commonly applied techniques to resolve the demerits of natural fibres. 
Silane treatment provides a siloxane bridge across the fibre-matrix interface, thereby improving the 
compatibility between fibre and matrix, resulting in the improvement in the mechanical properties. In 
contrast, alkali treatment alters the fibre surface structure, which removes a certain amount of 
hemicellulose, lignin and pectin, increasing the number of reactive hydroxyl groups on the fibre 
surface (Suardana et al., 2011; Sullins et al., 2017). Thus, the alkali treatment results in the 
improvement in the aspect ratio of the fibres, leading to the enhancement in the mechanical properties 
of natural fibre based composites. However, a more efficient and direct method to remedy the 
shortcomings of natural fibres is via the hybridisation with synthetic fibres (Feng et al., 2019a). 
 
Hybrid composites are regarded as the materials that are formed through blending of more than one 
type of fibres within the polymer matrix. The hybrid composites allow the freedom of tailoring the 
mechanical properties in accordance with certain industrial applications. Hybrid composites can be 
grouped into three major classes which are synthetic / synthetic, synthetic / cellulosic and cellulosic / 
cellulosic fibre based hybrid composites. However, the synthetic / cellulosic fibre reinforced hybrid 
composites are the most widely explored composite materials. The mechanical properties of synthetic 
/ cellulosic fibre reinforced hybrid composites have been reported in the literature and the findings 
demonstrated that the partial incorporation of synthetic fibre in the natural fibre based composites 
improved the mechanical properties (Shahzad, 2011; Ng et al., 2017; Kureemun et al., 2018; Feng et 
al., 2019b). Through hybridisation of high strength synthetic fibre with low strength natural fibre, it is 
believed that the energy absorption as well as the indentation properties can be enhanced as well. 
 
Generally, composite materials are susceptible to the indentation loading during their service life 
(Zhou et al., 2017). Therefore, it is particularly important to investigate the indentation properties of 
the composite materials. Liu et al. (2015) studied the temperature effects on the indentation behaviour 
of carbon fibre reinforced composites with pyramidal truss cores. The findings revealed that the 
increase of temperature reduced the maximum indentation load and energy absorption of the 
composite materials due to the degradation of the polymer matrix and the interfacial bonding. Azwan 
et al. (2014) investigated the quasi-static indentation behaviour of composite sandwich structures with 
glass fibre reinforced polyester as top and bottom layers and polyurethane foam as the core. The 
indentation test was conducted with several strain rates on the composite materials. They concluded 
that the increase in strain rate eventually led to an increase in energy absorption of composite 
materials. Wagih et al. (2016) analysed the quasi-static indentation behaviour of carbon fibre 
reinforced epoxy composites. They found that the indentation damage can be divided into four stages, 
elastic deformation with no damage, indentation load drop due to matrix cracking, progressive growth 
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of delamination and finally drastic load drop. A recent research study has been conducted by Bulut & 
Erkliğ (2018) to investigate the quasi-static indentation behaviour of glass / Kevlar / carbon fibre 
reinforced epoxy hybrid composites. The results demonstrated that the hybrid composites exhibited 
the highest indentation force and energy absorption compared to non-hybrid composites. Another 
recent research study was carried out by Salman et al. (2018) to compare the indentation properties of 
non-hybrid and hybrid kenaf / Kevlar fibre reinforced polyvinyl butyral composite laminates. It was 
observed that the energy absorption of hybrid composites was superior to those of non-hybrid kenaf 
fibre reinforced composites. Overall, non-hybrid Kevlar fibre reinforced composites achieved the 
highest energy absorption. However, it should be emphasised that the energy absorption of hybrid 
kenaf / Kevlar fibre reinforced composites was comparable to the non-hybrid Kevlar fibre reinforced 
composites. 
    
Since composite materials are susceptible to the localised impact loading which results in the damage 
of such materials and thus it is necessary to study the indentation behaviours of the composite 
materials. The literature studies have shown composite materials exhibited excellent indentation 
properties and energy absorption. In this case, it is vital to continuously explore the potential of 
composite materials particularly cellulosic fibre based composites. Thus far, the tensile and 
indentation properties of thermoplastic based PALF / Kevlar reinforced hybrid composites still remain 
unexplored. Therefore, this study intends to evaluate the tensile and indentation behaviours of PALF / 
Kevlar fibre reinforced polypropylene hybrid composites with various fibre stacking configurations. 
Moreover, the damage properties of the penetrated non-hybrid and hybrid composite laminates are 
also analysed. 
 
    
2. METHODOLOGY 

 
2.1 Materials 

 
Woven PALF and Kevlar fabrics as shown in Figure 1(a) and Figure 1(b) were used as reinforcement 
in the non-hybrid and hybrid composites. PALF fabric with an areal density of 315 g/m2 was 
purchased from Mecha Solve Engineering, Malaysia. Kevlar fabric with an areal density of 200 g/m2 

was provided by DuPont Knowledge Center, India. Homopolymer polypropylene (PP) granules were 
supplied by the Al Waha Petrochemical Company, Saudi Arabia. The properties of PALF and Kevlar 
fibre are summarised in Table 1.  
 
 
 
 
 
 
 
 
 
 

Figure 1: Plain weave woven: (a) PALF (b) Kevlar. 
 

Table 1: Properties of PALF and Kevlar fibre (Ahmad et al., 2014; Gurunathan et al., 2015). 

Properties PALF Kevlar fibre 

Tensile strength (MPa) 170 – 1627 3000 

Tensile modulus (GPa) 60 – 82 124 

Strain at break (%) 1 – 3 2.5  

Density (g/cm3) 1.5 1.44 

(b) 

10 mm 

(a) 

10 mm
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2.2 Fabrication of Composite Laminates 
 

Non-hybrid and hybrid PALF / Kevlar reinforced composite laminates were prepared via hot 
moulding compression method using Gotech hydraulic hot press machine. Furthermore, film stacking 
technique was applied to arrange the PALF and Kevlar fabrics as well as PP films before they were 
compressed in the hot press machine. PP granules were firstly compressed into the form of films prior 
to the composite fabrication process. Meanwhile, PALF fabric was dried in an oven at a temperature 
of 80 ºC for 24 hours to eliminate the excessive moisture content to avoid the formation of voids 
during the composite fabrication. Thereafter, PALF and Kevlar fabrics were stacked alternatively with 
the PP films in a 3 mm-thick picture frame mould to allow the optimum fibre impregnation. The stack 
was then subjected to a compression moulding process with a temperature of 175 ºC and pressure of  
3.5 MPa. Preheating was applied to the composite laminates before it was fully compressed in order 
to ensure the heat was evenly distributed throughout the composite laminate. Subsequently, the 
composite laminate was allowed to cool down until the ambient temperature. Finally, the composite 
laminate with a nominal thickness of 3 mm was taken out from the hot press machine for visual 
inspection of any defects. 
 
Non-hybrid and hybrid composites were prepared to study the effects of fibre stacking configurations 
on the quasi-static tensile and indentation behaviours, including the tensile strength, tensile modulus, 
maximum indentation load, energy absorbing capacity and specific energy absorption of such 
materials. Figure 2 depicts the different fibre stacking configurations in the PALF / Kevlar based 
composite laminates. Each of the non-hybrid and hybrid composite laminates consists of three layers 
of woven fabric. The non-hybrid PALF and Kevlar fibre reinforced composites are denoted as [PF] 
and [KV]. When one layer of the middle PALF fabric was replaced with Kevlar fabric in the 
composite laminate, the hybrid composite is referred to as [H1]. Moreover, the hybrid composite 
laminate is represented by [H2] when the outermost PALF fabrics were superseded with Kevlar 
fabrics. The fibre weight and volume fractions along with their respective standard deviations are 
shown in Table 2. The fibre volume fraction of each composite laminate was calculated with 
reference to Equation 1. 
 

 
PALF  PALF  Kevlar  Kevlar 

PALF Kevlar PALF Kevlar 

PALF PALF Kevlar Kevlar 

[PF]  [H1]  [H2]  [KV] 

Figure 2: Fibre stacking configurations in composite laminates. 
 

Table 2: Fibre weight and volume fraction in composite laminates. 
 
 
 

 

 

 

 

 

Fibre stacking 
configuration 

Fibre weight 
fraction (%) 

Fibre volume fraction (%) 

PALF Kevlar Total 

[PF] 31.25 (0.85) 21.62 (0.67) – 21.62 (0.67) 

[H1] 28.21 (1.35) 14.62 (0.79) 4.84 (0.26) 19.46 (1.05) 

[H2] 26.94 (1.23) 8.02 (0.41) 10.61 (0.54) 18.63 (0.95) 

[KV] 22.58 (1.03) – 14.81 (0.76) 14.81 (0.76) 
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where 𝑤𝑃𝐴𝐿𝐹  is the weight of PALF, 𝑤𝐾𝑒𝑣𝑙𝑎𝑟 is the weight of Kevlar fibre, 𝑤𝑝𝑝 is the weight of PP, 

𝜌𝑃𝐴𝐿𝐹  is the density of PALF, 𝜌𝐾𝑒𝑣𝑙𝑎𝑟 is the density of Kevlar fibre and 𝜌𝑝𝑝 is the density of PP. 

 
 
2.3 Experimental Works 
 
The effects of fibre stacking configurations on the tensile properties of non-hybrid and hybrid PALF / 
Kevlar based composites were investigated through the quasi-static tensile test. The tensile test was 
performed with reference to ASTM D3039 at ambient temperature using the Instron model 8872 
servo-hydraulic universal testing machine (UTM) with a load cell capacity of 25 kN. A quasi-static 
cross-head displacement rate of 2 mm/min was fixed throughout the tensile test. Extensometer was 
equipped on the specimens to monitor the tensile strain. The average tensile strength and modulus 
were then measured and recorded for further analysis and evaluation.   
 
Quasi-static indentation test was conducted on non-hybrid and hybrid PALF / Kevlar based 
composites with reference to ASTM D6264 using Instron model 5585 Universal Testing Machine. 
Maximum indentation force, energy absorption and specific energy absorption were measured during 
the indentation test. The composite laminates were cut into the dimension of 100 mm x 100 mm and 
arranged in an edge support configuration as demonstrated in Figure 3. A quasi-static cross-head 
displacement rate of 1.27 mm/min was fixed throughout the indentation test. Prior to the indentation 
test, the composite laminate was clamped and tightened between the top and bottom support plates 
using four screws at the corners to avoid any slippage that affects the accuracy and reliability of the 
results during the indentation test. An indenter with a 12.7 mm diameter hemispherical tip was used to 
perform the indentation test. The indentation test was repeated three times for each of the fibre 
stacking configurations and the average findings were recorded for analysis and evaluation. The 
results were then represented by force-displacement curves to evaluate the energy absorption and 
maximum indentation load of the composite laminates. Finally, the damage behaviours of the 
composite laminates resulted from the indentation force were studied.       

 

 
 
 
 
 
 
 
 
 
 

 
     Figure 3: Setup of the quasi-static indentation test. 

 
 
3. RESULTS AND DISCUSSION 
 
3.1 Tensile Properties 
 
The tensile properties of PALF / Kevlar reinforced composites with different fibre stacking 
configurations were investigated. The findings obtained from the tensile test were then summarised 
and recorded as shown in Figure 4. It is undoubtedly that the hybrid PALF / Kevlar composites 

Top and bottom 
support plates 

Indenter 

Composite 
laminate 
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improved the tensile properties when compared to non-hybrid PALF based composites. On average, 
the highest tensile properties were noticed in the non-hybrid Kevlar reinforced composites whereas 
the lowest tensile properties were obtained in non-hybrid PALF based composites. It was shown that 
the [KV] composite laminates had tensile strength and modulus of 111.73 MPa and 3.56 GPa, which 
are respectively 281.20 % and 42.97 % higher than [PF] composite laminates. However, 
improvements of 33.50 % and 9.64 % were observed in the tensile strength and modulus when one 
middle PALF fabric was superseded with Kevlar fabric in the [H1] hybrid composite laminates. A 
further improvement was obtained in [H2] composite laminates when two outermost PALF fabrics 
were replaced with Kevlar fabrics. It can be seen that those [H2] composite laminates exhibited 
tensile strength and modulus of 100.85 MPa and 3.19 GPa which are 244.08 % and 28.11 % higher 
than [PF] composite laminates. From Figure 4, the overall findings demonstrated the incorporation of 
Kevlar fibre in the hybrid composite laminates indeed attested positive hybrid effect on the tensile 
properties. 
 
Furthermore, it is worth noting that the [H2] composite laminates possessed comparable tensile 
properties to the [KV] composite laminates. The tensile strength and modulus of [H2] composite 
laminates are merely 9.74 % and 10.39 % lower than [KV] composite laminates. This trend showed 
the high potential of employing hybrid PALF / Kevlar composite laminates, [H2], to substitute those 
of non-hybrid Kevlar based composite laminates [KV]. Apart from the comparable tensile properties 
of [H2] composite laminates to those of [KV] composite laminates, it can be noticed that [H1] 
composites had comparable tensile properties to the [PF] composite laminates as well. These 
behaviours evidenced that the tensile properties of the materials are highly dependent on the 
outermost layer in the composite laminates. The outermost layers in the composite laminates act as 
the main load carriers which attract and sustain more loads during the tensile test. Thus, the skin 
layers have a decisive effect on the tensile properties of composite laminates. Feng et al. (2017) 
obtained similar results in which the hybrid composite laminates with high strength fabrics as the 
outermost layers exhibited higher tensile properties.   
 
 

 

Figure 4: Tensile properties of non-hybrid and hybrid PALF / Kevlar based composites. 
 
 
3.2 Quasi-Static Indentation Properties 
 
The indentation behaviours of non-hybrid and hybrid PALF / Kevlar fibre reinforced composite 
laminates were investigated through the quasi-static indentation test. Table 3 records the indentation 
properties including maximum indentation force, energy absorption and specific energy absorption. 
The standard deviations of each of the indentation properties are included in the parentheses as well. 
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Table 3: Indentation properties of non-hybrid and hybrid PALF / Kevlar based composites. 

Fibre stacking 
configurations 

Maximum 
indentation force 

(N) 
Energy absorption (J) 

Specific energy 
absorption 
(J.m2/kg) 

[PF] 866.13 (40.66) 8.59 (0.86) 2.85 (0.08) 

[H1] 2654.95 (140.76) 23.40 (3.37) 7.97 (0.38) 

[H2] 4280.06 (206.87) 48.31 (2.47) 18.20 (0.83) 

[KV] 5819.00 (135.99) 55.75 (4.19) 20.04 (0.96) 

 
Findings obtained from the quasi-static indentation test are represented by the force-displacement 
curves as depicted in Figure 5. As can be seen in Figure 5, the force-displacement curves of the non-
hybrid and hybrid composite laminates showed a very similar trend irrespective of fibre stacking 
configurations. The trend demonstrated the increase of indentation force along with the increase of 
displacement up to a maximum indentation force was reached. In fact, the indentation process of the 
composite laminates can be divided into three major regions. The load increased at the initial stage up 
to the peak point where the matrix cracking and initial delamination were noticed. After that, fibre 
breakage together with the higher extent of delamination occurred that resulted in the reduction in the 
load-carrying capacity of the composite laminates. Finally, the composite laminates were penetrated, 
that indicates the complete fracture, leading to the friction between the indenter and the composite 
laminates. The observation is in agreement with the results obtained by Bulut & Erkliğ (2018) in 
which the non-hybrid and hybrid Kevlar / glass / carbon fibre reinforced composites evidenced the 
similar trend during the indentation process.     
 

 

Figure 5: Force-displacement curves of non-hybrid and hybrid PALF / Kevlar based composites. 
 
The energy absorption of the composite laminates was measured by calculating the area under the 
force-displacement curves. Figure 6 elucidates the maximum indentation force and energy absorption 
of the non-hybrid and hybrid PALF / Kevlar reinforced composites. Overall, the maximum 
indentation force and energy absorption were noticed in the non-hybrid Kevlar fibre reinforced 
composites. On the contrary, the non-hybrid PALF reinforced composites showed the lowest 
indentation force and energy absorption. The maximum indentation force and energy absorption of 
non-hybrid Kevlar fibre reinforced composites are 571.84 % and 549.01 % higher than non-hybrid 
PALF based composites. Nonetheless, the results demonstrated a positive hybrid effect where the 
maximum indentation force and energy absorption of the composite laminates were significantly 
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improved when Kevlar fibre was partially incorporated. In comparison with the non-hybrid PALF 
based composites, the improvements in the maximum indentation force and energy absorption are 
206.53 % and 172.41 % when one middle layer of PALF was substituted with Kevlar fibre. Moreover, 
it was shown that the [H2] composite laminates exhibited maximum indentation force and energy 
absorption of 4280.06 N and 48.31 J which are 394.16 % and 462.40 % higher than [PF] composite 
laminates. These trends demonstrated the potential of Kevlar fibre in enhancing the indentation 
resistance and energy absorption of the hybrid composite laminates. 
 
Nevertheless, it is interesting to emphasise that the [KV] composite laminates evidenced the 
maximum indentation force and energy absorption which are only 35.96 % and 15.40 % higher than 
[H2] composite laminates, implying that [H2] composite laminates had comparable indentation 
properties to the [KV] composite laminates. Since the indentation resistance and energy absorption of 
the composite laminates are highly dependent on the outermost fabric layers, hence the [H2] and [KV] 
composite laminates had attested superior indentation properties particularly the energy absorption 
over those of [PF] and [H1] composite laminates. In fact, the indentation resistance of the composite 
laminates is governed by the bending stiffness of each fabric layer and the outermost fabric layers are 
the main constituents that have the decisive effect on the indentation properties. Therefore, the 
placement of the high strength Kevlar fibre as the skin layers is considered as an alternative fibre 
stacking configuration which contributes to higher indentation properties.              

 
 

 

Figure 6: Maximum indentation force and energy absorption of composite laminates under quasi-static 
indentation. 

 
 

Lightweight and environmental friendly characteristics are those of criteria which are taken into 
consideration when searching for an alternative material to supersede synthetic fibre based 
composites. In this context, it is pivotal to consider the specific properties of non-hybrid and hybrid 
PALF / Kevlar reinforced composites. Figure 7 shows the specific energy absorption of the composite 
laminates with different fibre stacking configurations. The specific energy absorption was measured 
according to the Equation (2) by dividing the total energy absorption by the areal density of the 
composite laminates.    
 

            𝐸specific ൌ
𝐸𝑎𝑏 solute

𝐴𝑟𝑒𝑎𝑙 𝑑𝑒𝑛sity
                                  ሺ2ሻ  

         
where 𝐸𝑎𝑏 solute is the total energy absorption.  
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On average, the trend of the specific energy absorption of the composite laminates as shown in Figure 
7 is very similar to the absolute energy absorption. The highest specific energy absorption was noticed 
in [KV] composite laminates while [PF] composite laminates evidenced the lowest specific energy 
absorption. The excellent specific energy absorption was still observed in those of composite 
laminates with the incorporation of high strength Kevlar fabric as the outermost layers. When the 
areal density of the composite laminates was taken into consideration, [H2] composite laminates still 
attested the comparable specific energy absorption of 18.20 J.m2/kg which is only 9.18 % lower than 
[KV] composite laminates. It is worth noting that the difference in the specific energy absorption of 
[H2] and [KV] composites was even diminished when compared to their absolute energy absorption. 
Due to the similar density of PALF and Kevlar fibre, the overall trend of specific energy absorption 
did not show any significant difference to the absolute energy absorption of PALF / Kevlar based 
composites.     
    
 

 

Figure 7: Specific energy absorption of composite laminates subjected to indentation. 
 
 
3.3 Damage Assessment 

 
The damage assessment of the non-hybrid and hybrid PALF / Kevlar reinforced composites was 
conducted on the fracture composite laminates to justify the findings obtained from the quasi-static 
indentation test. The damage behaviours of the non-hybrid and hybrid PALF / Kevlar reinforced 
composites were evaluated on the front and rear surface of the fracture composite laminates. Table 4 
depicts the fracture surface of the front and rear sides of PALF / Kevlar reinforced composites. From 
Table 4, it was noticed that the damage behaviours of the composite laminates were highly influenced 
by the fibre types and fibre stacking configurations. 
 
As can be seen in Table 4, the damage was more severe in the PALF based composites in comparison 
with Kevlar based composites. The crack length of the fracture composite laminate was diminished in 
both the indented and rear sides when the Kevlar fibre was partially incorporated in the composite 
laminates. When comparing the damage behaviours of the composite laminates with different fibre 
stacking configurations, [PF] and [H1] composite laminates exhibited similar damage behaviours 
while the damage behaviours of [H2] composite laminates were similar to those of [KV] composite 
laminates. On average, the crack propagation of [H2] and [KV] composite laminates was apparently 
smaller than the [PF] and [H1] composite laminates. This is attributed to the placement of high 
strength Kevlar fibre in the outermost layers of the composite laminates, leading to the reduction in 
the crack propagation of the composite laminates. 
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Table 4: Fracture surface of PALF / Kevlar reinforced composite laminates. 

Composites Front Rear 

[PF] 

 

 

[H1] 

 
 

[H2] 

 
 

[KV] 

 

 

 
In addition, the composite laminates had evidenced more severe damage on the rear surface instead of 
the indented surface, implying that the rear surface of the composite laminates was susceptible to 
higher damage and deformation level during the indentation process. The damage due to the 
indentation force can be due to the tension-shear and compression-shear. During the indentation test, 
the damage was initiated with a dent on the indented side, which was then followed by crack initiation 
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and propagation on the rear surface. The crack propagated continuously along with the increase of the 
indentation displacement until the complete fracture of the composite laminates. Fibre pull-out, fibre-
matrix delamination and fibre breakage were observed in the composite laminates as well, which were 
shown in Table 4. However, the fibre-matrix delamination was more significant in Kevlar based 
composites compared to PALF based composites, indicating that PALF based composites 
encompassed better fibre-matrix adhesion. Nonetheless, it should be emphasised that the 
incorporation of Kevlar fibre indeed resulted in the global deformation of the composite laminates 
after subjected to indentation force, resulting in an increase in the energy absorbing capacity.  
 

 
4. CONCLUSION 
 
This research study intends to investigate the quasi-static tensile and indentation properties of non-
hybrid and hybrid PALF / Kevlar reinforced composites with various fibre stacking configurations. 
According to the findings obtained from the quasi-static indentation test, several conclusions have 
been drawn: 
 
1. The average findings evidenced the high potential of hybrid composites especially [H2] 

composite laminates in terms of tensile properties. The results showed the partial replacement of 
PALF with Kevlar fabrics had undoubtedly improved the tensile properties of the composite 
laminates, indicating the positive hybrid effect towards the enhanced tensile properties. 
Moreover, it should be noted that the [H2] composite laminates had shown comparable tensile 
properties to the [KV] composite laminates. The tensile strength and modulus of [KV] composite 
laminates are only 10.79 % and 11.60 % higher than [H2] composite laminates. Therefore, [H2] 
composite laminates had evidenced a high potential to substitute the non-hybrid [KV] laminates. 
    

2. The partial addition of Kevlar fibre in the composite laminates had led to the positive hybrid 
effect in the indentation properties. The improvement in the indentation properties was noticed 
when the Kevlar fibre was partially incorporated in the composite laminates. However, the 
highest indentation force and energy absorption were observed in the [KV] composite laminates 
whereas [PF] composite laminates showed the lowest indentation properties. Moreover, [H2] 
hybrid composite laminates had demonstrated a comparable indentation resistance and energy 
absorption to the [KV] composite laminates. The [H2] composite laminates evidenced the 
indentation force and energy absorption of 4280.06 N and 48.31 J which are only 26.45 % and 
13.35 % lower than [KV] composite laminates. 
 

3. In the context of energy absorption, a similar trend to the indentation force was observed. The 
partial substitution of PALF with Kevlar had improved the energy absorbing capacity of the 
composite laminates. When one middle layer of PALF was replaced with Kevlar fibre, the 
energy absorption was enhanced by 172.41 % while the improvement of 462.40 % was noticed 
when the outermost layers of PALF were substituted with Kevlar fibre. When comparing the 
energy absorption of composite laminates with different fibre stacking configurations, composite 
laminates with Kevlar in the outermost layers attested higher potential in the energy absorbing 
capacity in comparison with the composite laminates with PALF as the skin layers.  

 
4. Since the specific properties and the environmental friendliness are the main concerns in 

searching for alternative materials to supersede the synthetic based composites, the specific 
energy absorption of PALF / Kevlar reinforced composites was measured. In accordance with the 
results obtained, hybrid composites [H2] still demonstrated a high potential in the energy 
absorbing capacity to replace those of non-hybrid [KV] composite laminates. [H2] composite 
laminates still showed comparable energy absorption of 18.20 J.m2/kg which is merely 9.18 % 
lower than [KV] composite laminates. The trend of the specific energy absorption is very similar 
to the absolute energy absorption since the PALF and Kevlar have a similar density. The overall 
results have concluded the high potential of employing PALF in the hybrid composite laminates 
in order to achieve the balance in environmental friendliness and the indentation properties.     



128 

 

ACKNOWLEDGEMENT 

The authors would like to thank Universiti Teknikal Malaysia Melaka (UTeM) for the continuous 
support. The authors would also like to express their gratitude to the Skim Zamalah UTeM provided 
by UTeM. 
 
 
REFERENCES 

Adekunle, K., Cho, S.W., Patzelt, C., Blomfeldt, T. & Skrifvars, M. (2011). Impact and flexural 
properties of flax fabrics and Lyocell fiber-reinforced bio-based thermoset. J. Reinf. Plast. 
Compos., 30: 685–697. 

Afzaluddin, A., Jawaid, M., Salit, M.S. & Ishak, M.R. (2019). Physical and mechanical properties of 
sugar palm/glass fiber reinforced thermoplastic polyurethane hybrid composites. J. Mater. Res. 
Technol., 8: 950–959. 

Ahmad, F., Choi, H.S. & Park, M.K. (2014). A review: natural fiber composites selection in view of 
mechanical, light weight, and economic properties. Macromol. Mater. Eng., 300: 10–24. 

Arthanarieswaran, V.P., Kumaravel, A. & Kathirselvam, M. (2014). Evaluation of mechanical 
properties of banana and sisal fiber reinforced epoxy composites: Influence of glass fiber 
hybridization. Mater. Des., 64: 194–202. 

Asgarinia, S., Viriyasuthee, C., Phillips, S., Dube´, M., Baets, J., Vuure, A.V., Verpoest, I. & Lessard, 
L. (2015). Tension–tension fatigue behaviour of woven flax/epoxy composites. J. Reinf. Plast. 
Compos., 34: 857–867. 

Azwan, S., Abdi, B., Yahya, M.Y. & Ayob, A. (2014). Quasi-static flexural and indentation behavior 
of glass fiber reinforced polymer composite sandwich panel. Adv. Mater. Res., 845: 320–323. 

Bulut, M. & Erkliğ, A. (2018). The investigation of quasi-static indentation effect on laminated hybrid 
composite plates. Mech. Mater., 117: 225–234.   

Feng, N.L. & Malingam, S.D. (2019). Monotonic and fatigue responses of fiber-reinforced metal 
laminates. In Jawaid, M., Thariq, M. and Saba, N. (Eds.), Mechanical and Physical Testing of 
Biocomposites, Fibre-Reinforced Composites and Hybrid Composites. Woodhead Publishing, 
Duxford, United Kingdom, PP. 307–323. 

Feng, N.L., Malingam, S.D., Jenal, R., Mustafa, Z. & Subramonian, S. (2018). A review of the tensile 
and fatigue responses of cellulosic fibre-reinforced polymer composites. Mech. Adv. Mater. 
Struct., 1–16. doi:10.1080/15376494.2018.1489086 

Feng, N.L., Malingam, S.D., Subramaniam, K., Selamat, M.Z., Ali, M.B. & Bapokutty, O. (2019a). 
The influence of fibre stacking configurations on the indentation behaviour of pineapple leaf / 
glass fibre reinforced hybrid composites. Def. S&T Tech. Bull., 12: 103–113. 

Feng, N.L., DharMalingam, S., Zakaria, K.A. & Selamat, M.Z. (2019b). Investigation on the fatigue 
life characteristic of kenaf/glass woven-ply reinforced metal sandwich materials. J. Sandw. 
Struct. Mater., 21: 2440–2455. 

Gurunathan, T., Mohanty, S. & Nayak, S.K. (2015). A review of the recent developments in 
biocomposites based on natural fibres and their application perspectives. Compos. Part A Appl. 
Sci. Manuf., 77: 1–25. 

Johnson, H.M. & Venkatesan, S.P. (2018). Impact resistance analysis of hybrid composite material 
for aircraft fuselage. Int. J. Eng. Sci. Comput., 8: 16712–16715. 

Karahan, M. & Karahan, N. (2015). Investigation of the tensile properties ofnatural and 
natural/synthetic hybrid fiber woven fabric composites. J. Reinf. Plast. Compos., 34: 795–806. 

Kureemun, U., Ravandi, M., Tran, L.Q.N., Teo, W.S., Tay, T.E. & Lee, H.P. (2018). Effects of 
hybridization and hybrid fibre dispersion on the mechanical properties of woven flax-carbon 
epoxy at low carbon fibre volume fractions. Compos. Part B Eng., 134: 28–38. 

Kushwaha, P.K. & Kumar, R. (2010). Effect of silanes on mechanical properties of bamboo fiber-
epoxy composites. J. Reinf. Plast. Compos., 29: 718–724. 

Liu, J.,Qiao, W., Liu, J., Xie, D., Zhou, Z., Wu, L. & Ma, L. (2015). High temperature indentation 
behaviors of carbon fiber composite pyramidal truss structures. Compos. Struct., 131: 266–272. 



129 

 

Mostafa, N.H. (2019). Tensile and fatigue properties of jute-glass hybrid fibre reinforced epoxy 
composites. Mater. Res. Express., 6: 085102. 

Ng, L.F., Sivakumar, D., Zakaria, K.A., Bapokutty, O. & Sivaraos. (2017). Influence of kenaf fibre 
orientation effect on the mechanical properties of hybrid structure of fibre metal laminate. 
Pertanika J. Sci. Tech., 25: 1–8. 

Paul, V., Kanny, K. & Redhi, G.G. (2015). Mechanical, thermal and morphological properties of a 
bio-based composite derived from banana plant source. Compos. Part A Appl. Sci. Manuf., 68: 
90–100. 

Salman, S.D., Leman, Z., Ishak, M., Sultan, M. & Cardona, F. (2018). Quasi-static penetration 
behavior of plain woven kenaf/aramid reinforced polyvinyl butyral hybrid laminates. J. Ind. 
Text., 47: 1427–1446. 

Sanjay, M.R., Madhu, P., Jawaid, M., Pradeep, S., Senthamaraikannan, P. & Senthil, S. (2018). 
Characterization and properties of natural fiber polymer composites: a comprehensive review. 
J. Clean Prod., 172: 566–581. 

Santulli, C. (2007). Impact properties of glass/plant fibre hybrid laminates. J. Mater. Sci., 42: 3699–
3707. 

Sgriccia, N., Hawley, M.C. & Misra, M. (2008). Characterization of natural fiber surfaces and natural 
fiber composites. Compos. Part A Appl. Sci. Manuf., 39: 1632–1637. 

Shahzad, A. (2011). Impact and fatigue properties of hemp–glass fiber hybrid biocomposites. J. Reinf. 
Plast. Compos., 30: 1389–1398. 

Sullins, T., Pillay, S., Komus, A. & Ning, H. (2017). Hemp fiber reinforced polypropylene 
composites: The effects of material treatments. Compos. Part B Eng., 114: 15–22. 

Suardana, N.P.G., Piao, Y. & Lim, J.K. (2011). Mechanical properties of hemp fibers and hemp/pp 
composites: Effects of chemical surface treatment. Mater. Phys. Mech., 11: 1–8. 

Vieira, L.M.G., Santos, J.C., Panzera, T.H., Rubio, J.C.C. & Scarpa, F. (2017). Novel fibre metal 
laminate sandwich composite structure with sisal woven core. Ind. Crops Prod., 99: 189–195. 

Wagih, A., Maimí, P., Blanco, N. & Costa, J. (2016). A quasi-static indentation test to elucidate the 
sequence of damage events in low velocity impacts on composite laminates. Compos. Part A 
Appl. Sci. Manuf., 82: 180–189. 

Zhou, G., Zhang, B. & Pasricha, A. (2017). A study of indentation behaviour of sandwich panels 
supported rigidly. Int. J. Struct. Integr., 8: 439–451.  



 

VOL. 13 NUM. 1 YEAR 2020 ISSN 1985-6571 

 

A Review of Hardware Trojan Detection: An Overview of Different Pre-Silicon Techniques    
Hau Sim Choo, Chia Yee Ooi, Michiko Inoue, Nordinah Ismail & Chee Hoo Kok  

1 - 21 

Development of Space Communication, Navigation and Surveillance (CNS) Solutions for 
Military Applications   
Dimov Stojce Ilcev  

22 - 40 

Adaptive Window Size and Stepped Frequency Scan Spectrogram Analysis for Drone 
Signal Detection in Multi-Signal Environment  
Chia Chun Choon & Ahmad Zuri Sha’ameri  

41 - 60 

A Method for Synthesizing the Structure of Active Loaded Block Reservation of 
Subsystems Using the Graph-Analytical Model and a Wave Optimization Algorithm   
Vyacheslav M. Grishin 

61 - 73 

Mapping Crime Hotspots Using Kernel Density Estimation (KDE) for Defensible Space  
Hasranizam Hashim, Wan Mohd Naim Wan Mohd, Eran Sadek Said Md Sadek, Sahabudin 
Abd Manan & Mohd Kamal Kordi 

74 - 84 

Validation of Hand Arm Vibration (HAV) Monitoring Using Integrated Kurtosis-Based 
Algorithm for Z-Notch Filter (I-kaz) Vibro via Independent Component Analysis (ICA)  
Shamsul Akmar Ab Aziz, Mohd Zaki Nuawi, Nakamura Hiroki & Yamazaki Toru 

85 - 93 

Automotive Drive-Shaft Health Condition Monitoring and Relaying Using Internet of 
Things (IoT) 
Sivakumar Subburaj, Siva Irulappasamy & Ramalakshmi Ramar 

94 - 103 

Investigation of the Mechanical Properties of Standard Malaysian Rubber with Constant 
Viscosity and Epoxidised Natural Rubber Using Nano-Indentation Test  
Mohd Azli Salim, Adzni Md. Saad, Azmi Naroh, Mohd Nizam Sudin, Crtomir Donik, 
Norbazlan Mohd Yusof & Intan Raihan Asni Rosszainily 

104 - 116 

The Investigation of the Tensile and Quasi-Static Indentation Properties of Pineapple Leaf  / 
Kevlar Fibre Reinforced Hybrid Composites   
Ng Lin Feng, Sivakumar Dhar Malingam, Kathiravan Subramaniam, Mohd Zulkefli Selamat 
& Woo Xiu Juan 

117 - 129 

Indoor and Outdoor Bioaerosol Sampling and Bacterial Counting Analysis   
Nik Nur Ilyani Mohamed Nazri, Ann Nurrizka Abd. Hamid, Nur Amira Aminuddin, 
Asmariah Jusoh & Noor Hafifi Zuraini Abdul Rahim 

130 - 141 

Bioaerosol Sampling and Identification of Airborne Bacteria in Indoor and Outdoor 
Environments  
Nik Nur Ilyani Mohamed Nazri, Ann Nurrizka Abd. Hamid & Nur Amira Aminuddin 

142 - 153 

Assessment of Immune Function in Well Trained Military Personnel After Strenuous 
Physical Activity in a Tropical Environment  
Raja Zarith Fatiah, Victor Feizal Knight, Brinnell Caszo, Justin Gnanou & Ananthan 
Subramaniam 

154 - 159 

The Multidimensional Impact of CBRNe Events on Health Care in the Middle East: The 
Role of Epidemiological Surveillance in the Long-Term Recovery of Public Health Systems 
Stefania Moramarco, Leonardo Palombi, Faiq B. Basa & Leonardo Emberti Gialloreti 

160 - 173 

  

 
Ministry of Defence 

Malaysia 

SCIENCE & TECHNOLOGY RESEARCH 
INSTITUTE FOR DEFENCE (STRIDE) 

 

 
View publication statsView publication stats

https://www.researchgate.net/publication/340827077

