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ABSTRACT 
 

Composite materials have gained wide acceptance among industries since the past decades. They 
have been widely employed in a wide variety of engineering applications. In this research, the 
influences of fibre stacking configurations on the indentation behaviour of pineapple leaf/glass fibres 
reinforced polypropylene hybrid composites were investigated. The indentation behaviours of hybrid 
composites were then compared to non-hybrid composites. Composites were fabricated through the 
hot press moulding compression technique using hydraulic hot press machine. The indentation 
behaviours of composites were presented in terms of maximum indentation force, energy absorption 
and specific energy absorption. The damage mechanism of composites was also studied after the 
indentation test. From the findings, it was concluded that the partial incorporation of glass fibre in 
the composite laminates improved the indentation resistance and energy absorption. In overall, non-
hybrid glass fibre reinforced composite laminates showed the highest indentation resistance and 
energy absorption. However, the hybrid composites with the substitution of middle glass fibre with 
pineapple leaf fibre had a comparable indentation resistance and energy absorption to the non-hybrid 
glass fibre based composites. Therefore, these results have evidenced the potential of hybrid 
composites to supersede non-hybrid glass fibre based composites.       
 
Keyword: Hybrid composites; pineapple leaf fibre; fibre stacking configuration; indentation 

behaviour; energy absorption. 
 
 
1. INTRODUCTION 

 
Metallic alloys are contemporary materials being widely employed in structural applications. 
However, the material requirements in the engineering applications have inclined towards lightweight 
and high specific properties. Therefore, effort has been given to search for alternative materials with 
high specific properties. It was evidenced that composite materials have demonstrated excellent 
specific properties over metallic alloys (Feng et al., 2018). Thus, composite materials have received 
great attention for engineering applications due to their excellent specific properties. It is undeniable 
that the increasing exploration of natural fibres is because of the awareness on increasing product 
performance by employing lightweight components (Arpitha et al., 2017). Apart from the high 
specific properties in composite materials, the substitution of metallic alloys to composite materials 
could offer the flexibility to tailor the materials properties by the specific industrial applications. 
Currently, composite materials have been the well-known materials that are widely used in outdoor 
and load-bearing applications such as automotive, aerospace, sports equipment and marine structures 
(Sivakumar et al., 2016; Pickering et al., 2016; Habibi et al., 2018). In spite of various advantages by 
using composite materials, they have arisen several environmental issues since the main 
reinforcement used is dominated by glass fibres owing to their high mechanical strength and they are 
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inexpensive. In the military application, glass fibres are widely used to make military mine hunters 
(Chawla, 2006). The extensive use of glass fibre could lead to severe occupational health issues (Le 
Duigou et al., 2010). Due to the shortcomings of synthetic fibre based composites, several attempts 
have been provoked to explore alternative materials to resolve such problems (Yang et al., 2011; Feng 
et al., 2017; Ng et al., 2017).  
 
To rectify the drawbacks of synthetic fibre based composites, the use of natural resources as the 
reinforcement is indispensable. Renewability, recyclability and biodegradable are those desired 
properties for alternative environmental friendly materials. Most of the natural fibres are abundant, 
low cost, lightweight and encompass relatively good mechanical properties and thus shows a high 
potential to be used in composite materials. Besides, natural fibres are insensitive to fatigue loading, 
non-abrasive, carbon dioxide neutral, consuming less energy and having high specific properties 
(Asgarinia et al., 2015; Feng & Malingam, 2019). Owing to their advantages, natural fibres have 
recently received the interest among technologist and scientists particularly for military applications 
(Alam et al., 2014). In this context, pineapple leaf fibre (PALF) is among the potential cellulosic fibre 
which possesses high mechanical strength relative to other natural fibres while having a lower density 
than glass fibres. PALF is considered as a secondary fibre crop as the plants are mainly grown for its 
fruit rather than their fibres. Owing to the high availability and good mechanical strength, PALF has 
shown a great potential to replace the glass fibres. Nonetheless, PALF is similar to other natural fibres 
which are susceptible to high moisture sensitivity due to their intrinsic hydrophilic behaviour. The 
high moisture sensitivity eventually retards the use of natural fibres in industrial applications. 
Therefore, hybridisation of natural fibres with synthetic fibres represents a great alternative technique 
in this context.  
 
Recently, there is a growing interest in exploring the mechanical properties of hybrid composites. 
Hybrid composites are formed through the blending of two or more types of fibres into a single 
polymer matrix. There are three distinct types of hybrid composites, namely, synthetic/synthetic, 
synthetic/natural and natural/natural hybrid composites. However, the most commonly studied hybrid 
composites are based on synthetic/natural fibres. Previous works have concluded hybrid composites 
offer many benefits compared to non-hybrid composites such as reduction in the moisture uptake and 
improvement in the mechanical properties (Karahan & Karahan, 2015; Malingam et al., 2018). The 
hybridisation of two different types of fibres within a single matrix could lead to positive hybrid effect 
in which the advantage of one fibre could compensate for the shortcomings of other fibres. Thus, 
balance properties such as lightweight, high mechanical strength, modulus and toughness could be 
achieved. Although the environmental friendliness of the composites could be reduced, this is 
compensated with the improvement in the mechanical properties and a reduction in the moisture 
sensitivity.       
 
In general, composite materials have been subjected to localised impact load through the solid objects 
during their service (Zhou et al., 2017). This localised load eventually leads to damage to the 
structures, which is known as indentation behaviour. Furthermore, it is stated that the indentation 
resistance of the composite materials also indicates the energy dissipating characteristic of the 
structures under out-of-plane loading without the consideration of rate effects. To date, several 
research studies have been conducted on the indentation behaviour of composite materials at the 
quasi-static rate. Bulut & Erklig (2018) investigated the quasi-static indentation behaviour of 
laminated composite plates based on carbon, glass and Kevlar fabrics with different stacking 
sequences. They concluded non-hybrid carbon fibre reinforced epoxy composites showed higher 
energy absorption compared to glass and Kevlar reinforced composites. In overall, hybrid composite 
laminates demonstrated the highest indentation force and absorbed energy in comparison with non-
hybrid composites. Mohamad et al. (2017) studied the quasi-static indentation of sandwich panels 
based on polyurethane and kenaf foam. The fibre content was in the range of 0 % to 30 % while the 
thickness of the foam was fixed at 15 mm, 30 mm and 45 mm. The findings showed fibre content of 
20 % and foam thickness at 45 mm evidenced the highest indentation resistance. Salman et al. (2018) 
conducted an indentation test at a quasi-static rate on the kenaf/Kevlar fibre reinforced polyvinyl 
butyral hybrid composite laminates. They revealed that the hybrid composites had higher energy 
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absorption compared to non-hybrid kenaf reinforced composites. Furthermore, hybrid composites 
showed a comparable energy absorption to those of non-hybrid aramid fibre reinforced composites. 
Yahaya et al. (2014) studied the effect of hybridisation on the quasi-static indentation behaviour of 
woven kenaf/aramid reinforced epoxy composite laminates. They found the hybrid composites 
absorbed more energy than non-hybrid kenaf and aramid fibre reinforced composites. Erkendirci & 
Haque (2012) compared the indentation behaviour of S-2 glass and E-glass fibres based composites 
using different types of polymer matrices. The results showed high density polyethene based 
composites exhibited lower indentation properties than epoxy based composites.     
 
Majority of the energy absorbed during low velocity, high velocity and even ballistic is due to the 
static deformation (Lin & Fatt, 2006). Thus, quasi-static indentation behaviour of composite materials 
is vital in determining the impact characteristics of such materials. The aforementioned studies have 
shown the potential of thermoset based hybrid composites in terms of indentation resistance and 
energy absorption. Nevertheless, there are still very limited studies that focus on the thermoplastic 
based hybrid composites. Moreover, the quasi-static indentation behaviour of PALF/glass fibre 
reinforced polypropylene still remains unexplored. Therefore, this study aims at exploring the 
influence of fibre stacking configurations on the quasi-static indentation behaviour in terms of 
maximum indentation force, energy absorption, specific energy absorption and the associated damage 
mechanism.  
 
 
2. METHODOLOGY 

 
2.1 Materials 

 
Plain weave PALF and glass fabrics as shown in Figure 1 (a) and (b) were employed as reinforcement 
in this study. Woven glass fabric with an areal weight of 600 g/m2 was supplied by ZKK Sdn. Bhd, 
Malaysia. Woven PALF fabric with an areal weight of 315 g/m2 was provided by Mecha Solve 
Engineering, Malaysia. Polypropylene (PP) granules with a density of 0.91 g/cm3 were purchased 
from Al Waha Petrochemical Company, Saudi Arabia. The tensile properties of PALF and glass fibre 
are shown in Table 1.   

 
 
 
 
 
 
 
 
 
 
 

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

Table 1: Tensile properties of PALF and glass fibre (Gurunathan et al., 2015; Dittenber & GangaRao, 
2012). 

Properties PALF Glass fibre 

Tensile strength (MPa) 170 – 1627 2000 – 3500 

Tensile modulus (GPa) 60 – 82 70 – 76 

Strain at break (%) 1 – 3 1.8 – 4.8 

Density (g/cm3) 1.5 2.5 

10 mm 

(a) 

10 mm 

(b)
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2.2 Composite Preparation 
 

PP granules were mixed with 3 % of Maleic Anhydride Polypropylene (MAPP) before the composite 
fabrication. According to Beg & Pickering (2008), optimum fibre-matrix adhesion could be achieved 
by the introduction of 3 - 5 % of MAPP in the composites. The mixing process of PP granules with 
MAPP was conducted using an internal mixer (Haake Rheomix OS) at a temperature of 175 ºC. The 
mixture was then pelletized and compressed to form PP films. Non-hybrid and hybrid composite 
laminates were then formed through hot press moulding compression technique using hydraulic hot 
press machine. 
 
Non-hybrid and hybrid composite laminates with a nominal thickness of 3 mm were fabricated by 
stacking the woven fabrics and PP films alternatively to allow optimum fibre impregnation. The stack 
was arranged in the picture frame mould with a dimension of (250 mm X 250 mm X 3 mm). After 
that, the stack was subjected to the heat compression moulding at a temperature of 175 ºC and 
pressure of 3.5 MPa. Preheating for 2 minutes was conducted prior to the heat compression moulding 
process to ensure the heat was evenly distributed throughout the composite laminates. Subsequent 
cooling process was performed on the composite laminates until room temperature before it was taken 
out from the hot press machine.  
 
A total number of four fibre stacking configurations were fixed in the composite laminates. Non-
hybrid PALF and glass fibre reinforced PP composite laminates consist of three layers of woven 
PALF and glass fibre, which are referred as [P/P/P] and [G/G/G]. One of the hybrid composites was 
arranged by replacing the outermost skin layers of woven glass fibre with woven PALF, which is 
represented as [P/G/P]. Another hybrid composite laminate, [G/P/G], was fabricated by substituting 
the middle woven glass fibre with woven PALF. Figure 2 shows the fibre stacking configurations in 
composite laminates. The fibre weight and volume fraction of non-hybrid and hybrid composite 
laminates are summarised in Table 2. The standard deviations of the fibre weight and volume fraction 
are included in the parentheses. The fibre volume fraction of was determined in accordance with 
Equation 1. 
 

PALF  PALF  Glass  Glass 

PALF Glass PALF Glass 

PALF PALF Glass Glass 

[P/P/P]  [P/G/P]  [G/P/G]  [G/G/G] 

Figure 2: Fibre stacking configurations in composite laminates. 
   

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

 

 

 

 

 

 

      (1) 

Fibre layup 
Fibre weight 
fraction (%) 

Fibre volume fraction (%) 

PALF Glass Total 

[P/P/P] 31.07 (2.65) 21.09 (0.15) – 21.09 (0.15) 

[P/G/P] 36.08 (0.58) 13.75 (0.27) 7.86 (0.16) 21.61 (0.43) 

[G/P/G] 42.56 (1.68) 7.16 (0.37) 16.35 (0.86) 23.51 (1.23) 

[G/G/G] 47.08 (1.32) – 24.47 (0.98) 24.47 (0.98) 
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where  is the weight of PALF,  is the weight of glass fibre,  is the weight of PP, 

 is the density of PALF,  is the density of glass fibre and  is the density of PP. 

 
2.3 Experimental Works 
 
The indentation test in edge support configuration was conducted according to ASTM D6264 at room 
temperature using the universal testing machine, Instron 5585 with 150 kN load cell. Non-hybrid and 
hybrid composite laminates with various fibre stacking configurations were cut into the dimension of 
100 mm X 100 mm (Length X Width) for the indentation test. The quasi-static crosshead 
displacement rate was fixed at 1.27 mm/min. The specimen was clamped between the top and bottom 
support plate, which was tightened using four screws to avoid slippage during the test. The setup of 
the quasi-static indentation test for composite laminates is depicted in Figure 3. A hemispherical tip 
indenter with a diameter of 12.7 mm was used to perform the indentation. The experiment was 
repeated three times for each fibre stacking configuration to obtain the average findings. The force-
displacement curves from the indentation test were then recorded to evaluate the energy absorption 
and the maximum indentation load of each composite laminate.  The damage mechanism of the front 
and rear fracture surfaces of each composite was subsequently investigated.  
 

 

Figure 3: Setup of the quasi-static indentation test. 
 
 
3. RESULTS AND DISCUSSION 
 
3.1 Quasi-Static Indentation Properties 
 
The quasi-static indentation test was conducted on the non-hybrid and hybrid composite laminates to 
study the indentation resistance and energy absorption behaviours. The indentation properties in terms 
of maximum indentation force, energy absorption and specific energy absorption of non-hybrid and 
hybrid composite laminates are summarised in Table 3. 
 

Table 3: Indentation properties of non-hybrid and hybrid composite laminates. 

Fibre stacking 
configurations 

Maximum 
indentation force 

(N) 

Energy absorption 
(J) 

Specific energy 
absorption 
(J.m2/kg) 

[P/P/P] 860.76 8.47 2.76 

[P/G/P] 939.62 8.92 2.78 

[G/P/G] 1372.97 13.43 3.77 

[G/G/G] 1474.55 15.10 3.95 

 
 

Top and bottom 
support plates Indenter 
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The force-displacement curves of the non-hybrid and hybrid composite laminates are represented in 
Figure 4. The overall trend of the force-displacement curves is similar irrespective of the fibre 
stacking configurations. The indentation force increased along with the increase of the displacement 
up to the maximum point where the failure of the composite laminate occurred. As noticed in Figure 
4, the indentation force increased at the initial stage until the maximum value, leading to the matrix 
cracking and initiation of the delamination. Then, it was followed by the penetration and fibre 
breakage which drastically reduced load carrying capacity of the fibres. Subsequently, the composite 
laminate was subjected to the perforation that resulted in the friction between the sample and the 
indenter prior to the final failure. Similar behaviour could be observed in the research study by 
Abisset et al., (2016) who found the indentation force increased initially until the load drop, which 
was followed by the delamination and finally fibre failure. 
 

 

Figure 4: Force-displacement curves of non-hybrid and hybrid composite laminates. 
 
The maximum indentation force and the energy absorption of each non-hybrid and hybrid composite 
laminate are shown in Figure 5. The energy absorption for each composite laminate was determined 
by obtaining the area under the force-displacement curves. From the findings, it was evidenced that 
non-hybrid glass fibre reinforced composites had the highest indentation force and energy absorption 
compared to other composite laminates. In contrast, non-hybrid PALF reinforced composites 
demonstrated the lowest indentation force and energy absorption. The maximum indentation force and 
energy absorption of non-hybrid glass fibre reinforced composites were 1474.55 N and 15.10 J which 
are 71.31 % and 78.28 % respectively higher than non-hybrid PALF reinforced composites However, 
the partial incorporation of glass fibre in the PALF based composites resulted in the positive hybrid 
effect where the overall indentation force and energy absorption were increased. When one middle 
layer of PALF was replaced by glass fibre, the maximum indentation force and energy absorption 
were improved by 9.16 % and 5.31 %. Furthermore, the maximum indentation force and energy 
absorption were enhanced by 59.51 % and 58.56 % when glass fibres substituted the outermost PALF 
fibre layers. 
 
It is interesting to note that composite laminates with [G/P/G] fibre stacking configuration exhibited 
comparable maximum indentation force and energy absorption to those of [G/G/G] composite 
laminates. The maximum indentation force and energy absorption of [G/P/G] composite laminates 
were merely 6.89 % and 11.06 % lower than [G/G/G] composite laminates. These trends indicate the 
potential of hybrid composites to replace non-hybrid glass fibre reinforced composites. Besides, it was 
also noticed that the [P/P/P] composite laminates had comparable indentation properties to those of 
[P/G/P] composite laminates. It can be observed that the indentation properties of composite 
laminates are governed by the skin layers instead of the middle fibre layer. The skin layers in the 
composite laminates are the primary load carrier instead of the intermediate layer. The intermediate 
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fibre layer has a minor contribution to the indentation properties of composite laminates. Besides, the 
indentation behaviour of composite laminates depends on the bending stiffness of each fibre layer. 
Therefore, the incorporation of high strength glass fibre as the skin layers could provide higher 
indentation resistance to the composite laminates.       
 
 

 

Figure 5: Maximum indentation force and energy absorption of composite laminates under quasi-static 
indentation. 

 
 

Since lightweight characteristic is the advantage of natural fibres in comparison to synthetic fibres, 
thus it is paramount to study the specific indentation behaviour of the PALF based composite 
laminates. Figure 6 depicts the specific energy absorption of composite laminates subjected to 
indentation. The specific energy absorption of each composite laminates was obtained by dividing the 
total energy absorption (E absolute) by the areal density, which is attested in Equation 2.  
 

     (2) 

 

 

Figure 6: Specific energy absorption of composite laminates subjected to indentation. 
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The results indicate the difference in the specific energy absorption of each composite laminate was 
diminished with an increasing amount of PALF in the composite laminates. In spite of [G/G/G] 
composite laminates still demonstrated the highest specific energy absorption, however, the difference 
in the specific energy absorption between non-hybrid [G/G/G] composite laminates and [G/P/G] 
composite laminates reduced. The specific energy absorption of [G/P/G] composite laminate is only 
4.53 % lower than [G/G/G] composite laminates. A similar trend was observed in the [P/P/P] and 
[P/G/P] composite laminates in which the specific energy absorption of [P/P/P] composite laminates 
is only 0.49 % lower than [P/G/P] composite laminates. Due to the intrinsic lower density of PALF as 
compared to glass fibre, therefore the incorporation of PALF in the composite laminates is considered 
beneficial to the specific properties.   
 
 
3.2 Damage Assessment 

 
The fracture mechanism of the non-hybrid and hybrid composite laminates was evaluated after the 
quasi-static indentation test. The fracture surfaces of the indented and rear sides of each composite 
laminate are shown in Table 4. The overall observation shows the fracture mechanisms of composite 
laminates are highly dependent on the fibre type in the outermost layers of composite laminates.   
 
 
 

Table 4: Fracture surface of composite laminates subjected to quasi-static indentation. 

Composites Front Rear 

[P/P/P] 

  

[P/G/P] 
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[G/P/G] 

  

[G/G/G] 

  
 
From Table 4, it was observed that [P/P/P] and [P/G/P] composite laminates exhibited similar fracture 
mechanism. Meanwhile, the fracture mechanism of [G/P/G] and [G/G/G] composite laminates was 
similar. The fracture mechanism of PALF based composite laminates demonstrated larger crack 
propagation as compared to glass fibre based composite laminates. However, the crack propagation 
was reduced when one layer of PALF was substituted by glass fibre. In overall, the crack propagation 
of composite laminates with glass fibre as the skin layers was significantly smaller compared to those 
composite laminates with PALF as the skin layers, which was evidenced in Table 4. The failures due 
to the quasi-static indentation are compression-shear and tension-shear which could occur at the 
indented and rear surface respectively. During the indentation, the failure occurred first at the 
indented surface with a dent which was followed by the crack initiation and propagation on the rear 
surface. The crack length on the rear surface increased with the increase of indentation displacement. 
Moreover, the crack on the rear surface was more severe than the indented surface, implying that rear 
surface exhibited more damage and deformation during the indentation. 
 

 
4. CONCLUSION 
 
In this research work, the influence of the fibre stacking configuration on the indentation behaviour of 
pineapple leaf/glass fibre reinforced PP composite laminates was investigated. The indentation 
behaviour of hybrid composites was compared to those of non-hybrid composites. From the results 
obtained, the following conclusions were drawn. 
 
1. The quasi-static indentation behaviour of composite laminates was highly dependent on the fibre 

stacking configurations. Non-hybrid glass fibre reinforced composite laminates demonstrated the 
highest indentation force over other composite laminates. On the contrary, the lowest indentation 
force was noticed in non-hybrid PALF based composite laminates. The indentation force and 
energy absorption of hybrid composite laminates were in between non-hybrid composite 
laminates. However, hybrid [G/P/G] composite laminates exhibited a comparable indentation 
force and energy absorption which was only 6.89 % and 11.06 % lower than the [G/G/G] 
composite laminates.  
 

2. In terms of the energy absorption, the same trend was observed in which the [G/G/G] composite 
laminates showed the highest value, which was followed by [G/P/G], [P/G/P] and finally [P/P/P] 
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composite laminates. The partial incorporation of glass fibre indeed leads to the positive hybrid 
effect which improved the energy absorption of the PALF based composite laminates. The 
results evidenced that the energy absorption was enhanced by 5.31 % when one middle PALF 
layer was replaced by glass fibre. In addition, the replacement of the outermost PALF layers with 
glass fibre resulted in the improvement up to 58.56 %. 

3. When the areal weight of each composite laminate was taken into consideration, the advantage of 
incorporating PALF in the composite laminate become prominent due to the lower density of 
PALF compared to the glass fibre. In comparison with the absolute energy absorption, it was 
shown that the difference in the specific energy absorption of composite laminates was 
diminished with an increasing amount of PALF. The specific energy absorption of hybrid 
composite laminates with [G/P/G] fibre stacking configuration was only 4.53 % lower than 
[G/G/G] composite laminates while the specific energy absorption of [P/P/P] composite 
laminates was merely  
0.49 % lower than [P/G/P] composite laminates. These findings have shown the potential of 
PALF based hybrid composites as a substitution for the non-hybrid glass fibre based composites.  

 
 
ACKNOWLEDGEMENT 
 
The authors would like to thank Universiti Teknikal Malaysia Melaka (UTeM) for the continuous 
support of this research project. The authors would also wish to express their gratitude towards Skim 
Zamalah UTeM provided by UTeM and Ministry of Education for research grant 
FRGS/1/2017/STG07/FKM-CARE/F00339. 
 
 
REFERENCES 

Abisset, E., Daghia, F., Sun, X.C., Wisnom, M.R. & Hallett, S.R. (2016). Interaction of inter- and 
intralaminar damage in scaled quasi-static indentation tests: Part 1 – Experiments. Compos. 
Struct., 136: 712–726. 

Alam, M.M., Maniruzzaman, M. & Morshed, M.M. (2014). Application and Advances in 
Microprocessing of Natural Fiber (Jute)–Based Composites. In Hashmi, S., Batalha, G.F., 
Tyne, C.J.V. & Yilbas, B. (Eds.), Comprehensive Materials Processing. Amsterdam, 
Netherlands, pp. 243–260. 

Arpitha, G.R., Sanjay, M.R., Senthamaraikannan, P., Barile, C. & Yogesha, B. (2017). Hybridization 
effect of sisal/glass/epoxy/filler based woven fabric reinforced composites. Exp. Tech., 41: 
577–584. 

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

Beg, M.D.H. & Pickering, K.L. (2008). Mechanical performance of kraft fibre reinforced 
polypropylene composites: influence of fibre length, fibre beating and hygrothermal ageing. 
Compos. Part A Appl. Sci. Manuf., 39: 1748–1755. 

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

Chawla, K.K. (2006). Glass fibers. In Mortensen, A (Ed.), Concise Encyclopedia of Composite 
Materials. Elsevier, Amsterdam, Netherlands, pp. 415–419. 

Dittenber, D.B. & GangaRao, H.V.S. (2012). Critical review of recent publications on use of natural 
composites in infrastructure. Compos. Part A Appl. Sci. Manuf., 43: 1419–1429.  

Erkendirci, O.F. & Haque, B.Z.G. (2012). Quasi-static penetration resistance behaviour of glass fibre 
reinforced thermoplastic composites. Compos. Part B Eng., 43: 3391–3405. 

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. 



123 

 

Feng, N.L., DharMalingam, S., Zakaria, K.A. & Selamat, M.Z. (2017). Investigation on the fatigue 
life characteristic of kenaf/glass woven-ply reinforced metal sandwich materials. J. Sandw. 
Struct. Mater., 1–16. doi:10.1177/1099636217729910 

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 

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. 

Habibi, M., Laperrière, L. & Hassanabadi, H.M. (2018). Influence of low-velocity impact on residual 
tensile properties of nonwoven flax/epoxy composite. Compos. Struct., 186: 175–182. 

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

Le Duigou, A., Davies, P. & Baley, C. (2010). Interfacial bonding of flax fibre/poly(l-lactide) bio-
composites. Compos. Sci. Technol., 70: 231–239. 

Lin, C. & Fatt, M.S.H. (2006). Perforation of composite plates and sandwich panels under quasi-static 
and projectile loading. J. Compos. Mater., 40: 1801–1840. 

Malingam, S.D., Ng, L.F., Chan, K.H., Subramaniam, K., Selamat, M.Z. & Zakaria, K.A. (2018). The 
static and dynamic mechanical properties of kenaf/glass fibre reinforced hybrid composites. 
Mater. Res. Express., 5: 1–12. 

Mohamad, M.A.H., Mat, W.A.W., Zaidi, A.M.A., Ibrahim, M.H., Hassim, H.M., Mustapa, M.S. & 
Abdullah, S. (2017). Penetration resistance force of sandwich panels composite with kenaf 
foam as a core material against deformable projectiles. Def. S T Tech. Bull., 10: 101–110. 

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. Technol., 25: 1–8. 

Pickering, K.L., Efendy, M.G.A. & Le, T.M. (2016). A review of recent developments in natural fibre 
composites and their mechanical performance. Compos. Part A Appl. Sci. Manuf., 83: 98–112. 

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. 

Sivakumar, D., Ng, L.F. & Salmi, N.S. (2016). Eco-hybrid composite failure behavior of two serial 
bolted joint holes. J. Eng. Technol., 7: 114–124. 

Yahaya, R., Sapuan, S.M., Jawaid, M., Leman, Z. & Zainuddin, E.S. (2014). Quasi-static penetration 
and ballistic properties of kenaf–aramid hybrid composites. Mater. Des., 63: 775–782. 

Yang, Y., Ota, T., Morii, T. & Hamada, H. (2011). Mechanical property and hydrothermal aging of 
injection molded jute/polypropylene composites. J. Mater. Sci., 46: 2678–2684. 

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. 12 NUM. 1 YEAR 2019 ISSN 1985-6571 

 

Discriminating Closely Spaced Aircrafts Using Time Difference of Arrival (TDOA) Based 
Association Algorithm   
Abdulmalik Shehu Yaro, Ahmad Zuri Sha’ameri & Sa’id Musa Yarima 

1 - 15 

A Review of Copter Drone Detection Using Radar Systems   
Surajo Alhaji Musa, Raja Syamsul Azmir Raja Abdullah, Aduwati Sali, Alyani Ismail, Nur 
Emileen Abdul Rashid, Idnin Pasya Ibrahim & Asem Ahmad Salah 

16 - 38 

Spaceborne Synthetic Aperture Radar (SAR) Sensors in Low Earth Orbit (LEO) for Real-
Time Detection and Monitoring of Floods  
Arun Kumar Verma, Ranbir Nandan & Aditi Verma 

39 - 50 

Development of HF Modelling in Peninsular Malaysia During the Rise of Solar Cycle 24  
Rafidah Abd Malik, Mardina Abdullah, Sabirin Abdullah, Yokoyama Tatsuhiro & Clara Y. 
Yatini 

51 - 60 

Review of Machine Learning Based Hardware Trojan Detection Methods  
Chee Hoo Kok, Chia Yee Ooi, Michiko Inoue, Nordinah Ismail, Mehrdad Moghbel & Hau 
Sim Choo 

61 - 78 

A Message Cryptography Technique Using DNA Based Hybrid Approach  
Vaibhav Godbole 

79 - 90 

Investigation of Vehicle Occupant Response Subjected to Under-Vehicle Explosion   
Khalis Suhaimi, Risby Mohd Sohaimi, Muhammad Fahmi Md. Isa, Muhd Azhar Abu Bakar, 
Norazman Mohamad Nor, Ariffin Ismail & Victor Feisal Knight 

91 - 100 

Optimisation of Hybrid Composite Reinforced Carbon and Glass Using AHP Method  
Nur Aizatul ‘Ain Md Zahir, Ahmad Fuad Ab Ghani, Mohd Ahadlin Mohd Daud, Sivakumar 
Dhar Malingam & Ridzuan Mansur 

101 - 112 

The Influence of Fibre Stacking Configurations on the Indentation Behaviour of Pineapple 
Leaf / Glass Fibre Reinforced Hybrid Composites  
Ng Lin Feng , Sivakumar Dhar Malingam, Kathiravan Subramaniam, Mohd Zulkefli 
Selamat, Mohd Basri Ali & Omar Bapokutty 

113 - 123 

Mechanical Properties of Cross-Ply Banana-Glass Fibre Reinforced Polypropylene 
Composites 
Norizzati Zulkafli, Sivakumar Dhar Maligam, Siti Hajar Sheikh Md Fadzullah, Zaleha 
Mustafa, Kamarul Ariffin Zakaria & Sivarao Subramonian 

124 - 135 

Sound Insulation Performance of Kenaf Fibre as A Noise Control Treatment in Car Using 
Statistical Energy Analysis 
Norzailan Azahari, Azma Putra, Reduan Mat Dan & Muhammad Nur Othman 

136 - 149 

Properties of Electrodeposited Nickel Cobalt Coated Mild Steel Developed from Alkaline 
Bath 
Nik Hassanuddin Nik Yusoff, Othman Mamat & Mahdi Che Isa 

150 - 160 

Wear Behaviour of a-C:H Helical Gear Through Particle Generation 
Abdul Hakim Abdul Hamid, Reduan Mat Dan, Azma Putra, Mohd Nizam Sudin & Rozdman 
Khaidir Mazlan 

161 - 175 

  

 
Ministry of Defence 

Malaysia 

SCIENCE & TECHNOLOGY RESEARCH 
INSTITUTE FOR DEFENCE (STRIDE) 

 

 

View publication statsView publication stats

https://www.researchgate.net/publication/331950251

	000a_ cover_v2
	000b_front cover_behind
	000c_intro_pages_i_iii
	001_tdoa
	002_uav_detection
	003_Space-borne-SAR
	004_hf
	005_trojan_detection
	006_cryptography
	007_vor
	008_ahp_hybrid
	009_lg_fibre
	010_bg_fibre
	011_sound_ins
	012_nico
	013_ach_gear

