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 This work focuses on the mechanical behavior of low-velocity impact on the kenaf fiber 

reinforced composite for different types of woven densities. Kenaf is one of the natural 

fibers mostly used as an reinforcement in Polymer Matrix Composites (PMCs). The 
ability of woven fabric to protect against bullets depends mainly on the mechanical 

properties of yarns such as tensile modulus, toughness and its capability to prolong the 

collision time. In this research, kenaf composite was produced in eight different woven 
densities before it is hardened with a polymeric resin. Impact test was performed using 

high speed puncher machine called Shimadzu Hydroshot HITS-T10 at a speed of 1m/s. 

Force-displacement and energy absorption were calculated and analyzed. Failure 
mechanism was also observed visually through the fragmentation pattern of the 

composites. Hence, composite that has lightest density produce the highest energy 

absorption performance in impact behavior. The lightest woven of composite density 
had been revealed as the highest energy absorption. 
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INTRODUCTION 

 

 Natural fiber has become the subject of interest 

for research and development due to its 

biodegradable and competitive mechanical 

properties. Most of researchers are focusing on 

random orientation and compressed mat but few of 

them concerned with woven or textile structure (Hani 

et al., 2013).There have been many studies on woven 

fabric (textile) composite laminated structures which 

find in engineering application fields namely 

aerospace, biomedical, civil, marine and mechanical 

engineering because of their ease of handling, good 

mechanical properties and low fabrication cost (Pein 

and Zahari, 2007). 

 Kenaf is one of the natural fibers (plant) mostly 

be used as reinforcement in Polymer Matrix 

Composites (PMCs). Kenaf (Hibiscus cannabinus, 

L.family Malvacea) was found to be an important 

source of fiber composites, and other industrial 

applications. Very high interest in kenaf cultivation 

in recent years this has been achieved because of two 

main reasons, the first is the ability of kenaf to 

absorb nitrogen and phosphorus coming to the 

ground. Second is the ability of kenaf to collect 

carbon dioxide at a high rate. In addition, kenaf 

exhibit low density, non-abrasiveness during 

processing, high specific mechanical properties, and 

Biodegradability (Aji et al., 2009). 

 The use of composite materials is expanding. 

The reinforcement fibers, woven fabrics (bi-

directional reinforcement) offer special features. The 

same properties and balanced in thewarp and weft, 

highstrength and impact resistance of the 

reinforcement makes it superior compared with 

unidirectional reinforcement (Nosratyc, 2007). Warp 

and weft term used to refer to textiles, particularly 

for woven fabrics. In a literal sense, warp and weft 

are the technical requirements for both types of yarn 

used to produce woven products. Research by Bilişik 

and Korkmaz (2010) that designs and implements 

ballistic structure with two types of woven fabric 

common; Twaron CT714 and CT716. Warp and weft 

fabric density is 8.5 and 12cm
-1

. The structure of the 

fabric with a high density showed higher 

attractiveness and promote energy absorption 

properties when compared with low-density fabric 

structure (Kopma, 2013). 

 With a very low speed impact, little damage was 

introduced in a small zone around the point of 
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impact, and dynamic properties of the structure are 

not affected by the presence of damage. Therefore, 

the effect of dynamic analysis can be generally 

described to model the damage as it occurs during 

the impact event. For low speed impact, no 

significant damage was introduced during the early 

stages of the impact. With the impact of the higher 

speed, the compression wave, after reflection from 

the rear surface, can generate tensile stress of 

magnitude sufficient to establish failure near the rear 

surface (Abrate, 1998). Effects of low speed impact 

is of particular interest because of internal damage 

resulted (delaminations) materially affects the 

strength of the remaining components and reduce the 

performance of the material (Whittingham et al., 

2004 and Abrate 1991,1994,1998). Effects of low 

velocity impact on fiber-reinforced composites have 

been the subject of much research by experiment and 

analysis (Ismail et al., 2014, and Roslan et al., 2014). 

The tendency of low velocity impact effect of glass 

fiber and carbon fiber reinforced polymer composites 

has been well documented. Effects of low speed 

impact on metal structures are often starts from the 

surface, where the energy absorbing structure 

through elastic and plastic deformation that can be 

detected by visual inspection. Recently, some of 

studies have been carried out to determine the effects 

of various variables on energy absorption capability 

of composites material under compressive loading 

(Masran et al., 2014 and Ismail et al., 2013). 

 The fiber-reinforced composite resin, the ability 

to undergo plastic deformation is limited. Instead, the 

damage in the form of internal damage as sub-

surface cracks or damage to the fiber matrix cannot 

be seen on the surface of the composite. Such 

damage can result in a significant reduction in the 

strength and stiffness of components (Shim and 

Yang, 2005). Woven kenaf with different density is 

produced and placed with polymer resin to be used as 

a fiber-reinforced composite. The ability of woven 

fabric to protect against bullets depends mainly on 

the mechanical properties of yarns such as tensile 

modulus and toughness and its capability to prolong 

the collision time. Difference of woven and non-

woven gives different response on the impact due to 

the ability to displace and withstand before failure 

(Arifuzzaman et al., 2013). 

 

2. Methodology: 

 Kenaf yarn with size 2565 Tex (approximately 3 

mm diameter) was constructed using four different 

woven densities. Number of yarn in weft direction 

had been fixed while the number of yarn in warp 

direction was manipulated as in Table 1. The process 

of producing the composite was via compression 

technique. Using compression method, the mixture 

of woven kenaf and unsaturated epoxy was poured 

into mold before it distribute evenly and compressed 

at 1000 kPa pressure for 8 hour. 

 Impact test was performed by using Hydroshot 

HITS-T10 Shimadzu machine with the ability to 

receive the maximum force that can be achieved up 

to 10kN and a maximum velocity of 20 m/s. Test 

specimens were subjected to mechanical test as per 

ASTM D3039 standard for impact puncture test. The 

experimental focuses on the effect of low-speed 

impact of different kenaf composite woven density of 

the structure of single layer and double layers. Eight 

samples were used with different densities and 

number of layers to investigate the response for 

every impact.  

 
Table 1: Woven density. 

Type of 

Sample 

No of 

Layers 

Warp Density 

(e.p.c)/Layer 

Weft Density 

(p.p.c)/Layer 

Picture 

 

a1 
a2 

 

 

1 
2 

 

2.5 

 

2.5 

 
 

b1 

b2 

 

 
1 

2 

 
1.0 

 
5.5 

 
 

c1 
c2 

 

 

1 
2 

 

0.5 

 

5.5 
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d1 

d2 

 

 

1 

2 

 

0.25 

 

5.5 

 

 

RESULTS AND DISCUSSIONS 

 

 There are eight types of parameters are 

considered which have different woven densities. 

Results of impact test recorded the maximum force 

of penetration, total energy at the maximum 

penetration and energy absorption. Analysis of the 

impact test was performed to investigate the effect of 

a low-speed impact of kenaf woven composite with 

different densities and energy absorption trends are 

obtained. The propagation analysis performed to find 

out the differences of penetration of the penetration 

distance for each of eight parameters composite 

sample with different density. Penetration force 

versus displacement graph at different woven density 

and layer of composites as shown in Figure 1.  
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Fig. 1: Penetration force versus displacement graph at different woven density and layer of composites. 

 

 Based on the Figure 1, there is a significant 

difference in the trend graph of single layer woven 

composites with double layers of woven composite 

graph where the resulting penetration of double 

layers of woven composite panels is higher than 

single layer woven composite panels. It also can 

prove by researcher Dhakal et al., (2007) which is 

composite that have more than one layer have a more 

energy absorption.  

 Energy absorption graph analysis was performed 

to obtain the total energy absorption in composite 

samples of eight types of parameters different woven 

density. Graph total energy absorption at different 

woven density and layer of composites as shown in 

Figure 2. The percentage increase in total energy 

absorption for each of the parameters of a composite 

sample of the lining woven with double layers of 

woven composite is greater than 50%. Based on the 

Figure 2, shows that the occurrence of increases of 

energy absorption by the sample to less densely 

populate of the parameters of a1, a2, b1, b2, c1, c2, 

d1 and d2. Samples a1 indicates the amount of 

energy absorption at the low level of 4.62 Joule, 

followed by samples b1 of a total of 5.78 Joule, 

samples c1 of 6.61 Joule and samples d1 of 11.96 

Joule. For double layers of woven composite, the 

total energy absorption is the highest is samples d2 

totaling 24.53 Joule and subsequently in descending 

order of samples c2 of 21.71 Joule, samples b2 of 

19.60 Joule and samples a2 of 14.12 Joule.  

 Differences composite fragmentation pattern can 

be observed visually and recorded by using a digital 

camera as shown in Table 2. Low speed impact 

causes fragmentation of the sample a1 like a star and 

have fragmentation weft measuring over 20 mm 

where there is fragmentation fragment surrounding 

the point of impact on the composite panel. This 

occurs due to the occurrence of bending before 

failure on the composite panel. Significant difference 

can be seen with the fragmentation of the sample a2 

be round and have split weft measuring over 13 mm. 

woven structure in high-density composite panels 

and balanced between warp yarns and weft yarns 

made of composite panel is fragile and will result in 
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failure to make a full composite panel. Samples b1, 

c1 and d1 show the effect of impact where the point 

of impact to be larger and elongated in the direction 

of the weft yarn has weft fragmentation during 28 

mm, 35 mm and 37 mm. However, the sample b2, c2 

and d2 had the weft fragmentation during 23mm, 27 

mm and 38 mm. Damage caused by decreases in 

tension warp yarns that support the weft yarns 

creating lacing effects more elongated in the 

direction weft yarns. There are fragments on impact 

due to the occurrence of bending at the onset of 

impact before failure in a single layer of kenaf woven 

composite with different densities. However, a 

composite of double layers of woven fragments are 

not in the sample because the sample was brittle that 

causes failure occurs completely without the 

occurrence of bending. 

 

 
Fig. 2: Total energy absorption at different woven density and layers of composites. 

 
Table 2: Visual fragmentation inspection. 

Type of Sample Single Layer Composites Double Layer Composites 

a1/a2 

 
 

 

 
 

a1 = 20 mm 

 
 

 

 
 

a2 = 13 mm 

b1/b2 

 
 

 

 
 

 

b1 = 28 mm 

 
 

 

 
 

 

b2 = 23 mm 

c1/c2 

 
 

 

 
 

 

c1 = 35 mm 

 
 

 

 
 

 

c2 = 27 mm 

a

1 
a

2 

b

1 
b2 

c

1 

c

2 
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d1/d2 
 

 

 
 

 

 

 

 

 
 

 

 
d1 = 37 mm 

 

 

 

 

 

 
 

 

 
d2 = 38 mm 

 

4. Conclusion: 

 This work was conducted to investigate the 

effect of low-velocity impact of different woven 

density of kenaf reinforced composites. Then the 

composites are impact and the force-displacement 

curves of composites are obtained. Fragmentation of 

the composites have been observed and discussed. 

The lightest density is constructing the unbalanced 

fabric structure by which it will mimic to the 

unidirectional structures. Hence, it is found that 

balanced fabric structure towards unidirectional 

structure will increase energy absorption 

performance in response of impact behavior. 
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