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This research focuses on the low velocity oblique impact on unidirectional
(UD) kenaf reinforces composite plate. This study summarizes oblique
impacts testing with angle 0°, 8° and 13° on three laminated layers of UD
kenaf fiber with orientation structures of [0°, 30°, 0°] and [0°, 60°, 0°].
Nowadays, market ready composites mostly made-up using synthetic fibers,
one of main problem when using synthetic fiber is hard to decompose and
make its harms to environment. Natural fibers have high potential for
replacing synthetic fibers as main composite materials. Kenaf fibers were
chosen in this study due to relatively good mechanical properties with
environmental friendly advantages. Kenaf yarn with the size of 855 Tex (1.0
mm diameter) is being used for UD kenaf fabric on the composite.
Compression technique was used to prepare the composite with epoxy
polymer as its resin. UD kenaf composite was tested using high speed
puncher machine at speed 1 m/s. Total energy absorption, load over
displacement curves and fragmentation profile of the UD Kenaf composite
are analyzed. By increasing oblique angle, the total energy absorption will
decrease, load over displacement curves become fall off and the
fragmentation profile of the composite become smaller had been revealed.

Keywords:
Unidirectional composite
Kenaf fiber
Low velocity impact
Oblique impact
Unidirectional orientation

© 2017 The Authors. Published by IASE. This is an open access article under the CC
BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

1. Introduction
Over the years, composite materials have
successfully substituted the conventional materials
in high strength and light weight applications such as
aerospace, automotive and sport industries. High
strength fiber such as aramid, carbon and glass fiber
is well known materials as reinforcement in
composites due to its excellent mechanical
properties and high strength-to-weight ratio, but
these fibers or specifically synthetic fibers have
serious drawbacks in term of non-renewability and
non-biodegradability (Alkbir et al., 2016; Ramesh,
2016). Environmental awareness and new
regulations related to the environment has
prompted the researchers to develop an alternative
eco-friendly composite to replace synthetic fiber
composites.
Natural fiber composites have gained researchers
interests in recent years considering the potential
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substitution products to existing synthetic fiber
composites (Zannen et al., 2016). One of the most
widely used natural fibers in reinforced composites
is kenaf fiber. Kenaf provides significant advantages
such as short harvest cycle period, good mechanical
properties,
ecological
adaptability
and
biodegradability (Safri et al., 2014). Kenaf has
become subject of research for potential applications
such as insulation board, paper, absorbent materials
and composites reinforcement (Ashori et al., 2008;
Hasselbruch et al., 2015; Ismail and Aziz, 2015;
Berardi and Lannace, 2015).
Local impact penetration of fiber reinforced
plastics has been the subject of much experimental
and analytical investigation and has been well
documented. Khalid et al. (2015) investigated the
effect of low velocity impact on different density of
woven kenaf fiber reinforced composites, the result
comparable total energy absorption between low
and high density of woven reinforced composites
(Safri et al., 2014). Xie et al. (2016) carried out high
velocity impact on Carbon Fiber Reinforced Plastics
(CFRPs) using gas gun at various speed and angle of
impact. It shows that at given impact velocity,
increment of impact angle resulting increasing
energy dissipated. Meanwhile, Roslan et al. (2014)
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studied the oblique impact loadings on short kenaf
fiber reinforced composites, it reported the oblique
angles affected the maximum penetration load and
validated by using simulation. On real impact
phenomena, the projectile strikes direction is not
vertically to the target (90⁰ towards plane). It is
usually occurs at oblique angles.
This research aims to investigate the behavior of
Unidirectional (UD) kenaf reinforced composites
subjected to the oblique impact. Experimental
studies on the low velocity impact on UD kenaf
composites are performed to provide evidences
regarding the maximum penetration load, and total
energy absorption on different laminated composite
orientation structures and oblique angles of impact.

Shimadzu machine was used for this purpose. Impact
testing being conducted to obtain force propagation
over stroke, and low velocity impact was selected for
this research with speed of 1 m/s. Oblique jigs used
to hold the specimen for oblique impact testing as
shown in Fig. 3. Three oblique angles used for this
research; 0°, 8° and 13°.

2. Experimental setup

Fig. 2: UD kenaf fibre after cut down to fit into the mould

2.1. Sample preparations

UD kenaf fiber composites directions on first and
third layer of the composites placed parallel to the
inclination of the oblique jigs as illustrated on Fig. 4.
Hemispherical puncher shape with a diameter of
12.7 mm is used for this testing.

Kenaf fiber in yarn form with a size of 855 Tex
(approximately 1.0 mm diameter) was used as
fabrics in this research. Kenaf yarn was arranged in
UD structures before cutting into the desired sample
size. Total three layers of UD structures fabrics with
different orientation are needed for preparing
laminates composites for this study. Orientation of
intermediate or second layer of the laminated
composites was manipulated to two orientations;
30⁰ and 60⁰, meanwhile first and third layers will
have 0⁰ orientations as illustrated on Fig. 1.
Therefore, two types of samples with different
intermediate UD orientations fabrics; [0°, 30°, 0°]
and [0°, 60°, 0°] are used on this research.
Compression technique being practiced for
preparing composites. Unsaturated epoxy was
poured and spread into laminated UD kenaf fabric on
mold and compressed at 1000kPa for 8 hours. Fig. 2
shows the UD kenaf fabric being cut into rectangular
shape to fit into the mold. Finished product thickness
is 3 mm. UD Kenaf reinforced composite cut down to
the 100 mm x 100 mm according to ASTM D3763
standard for impact puncture test.

Fig. 3: Oblique jig used on testing

Fig. 4: Illustration of UD direction to oblique angle

Two different orientations structure of UD kenaf
composites and three different oblique impact angles
are used in this experiment, which means six
experiments being conducted in this research and
labelled with sample name as shown in Table 1.
Maximum load of penetration, total energy
absorption and load over displacement curves was
recorded from low velocity impact testing.
3. Results and discussion

Fig. 1: Orientation of UD kenaf fibre

From the experiments, highest maximum
penetration load was shown by S30-0 with value
1.240 kN, followed by S60-0, S30-8, S60-8, S30-13
with values of 1.090 kN, 0.725 kN, 0.695 kN, 0.578

2.2. Experimental procedure
Test specimens were subjected to impact test as
per ASTM D3763 standard. Hydroshot HITS-T10
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kN and lowest maximum penetration load shown is
0.540 kN from sample S60-13 based on the bar
graph on Fig. 5. On the same oblique impact angle,
but different UD kenaf composites orientations
generate different maximum penetration load. UD
kenaf composites with orientations [0°, 30°, 0°]
provide higher penetration load than [0°, 60°, 0°]. UD
kenaf composites with orientation [0°, 30°, 0°] has
an intermediate layer that is angled close to first and
third layers of the laminated samples than
orientation 0°, 60°, 0°]. On the other hand, from the
impact test of both orientation structures with
different angle of impact, the maximum penetration
load is decreased with increasing impact angles.

Fragmentation profile was observed after impact
testing and analyzed. The fragmentation profile for
orientation structures [0°, 30°, 0°] and [0°, 60°, 0°]
are almost identical, hence only one orientation
structures being studied. From Fig. 7, individual
fragmentation for samples tested on different impact
angle are shown. At impact angle 0⁰, the
fragmentation along X-axis and Y-axis is symmetry.

Force, kN
1.6

12.0

1.4

No.
1
2
3
4
5
6

Sample
Name
S30-0
S30-8
S30-13
S60-0
S60-8
S60-13

UD Kenaf Composite
Orientations
[0°, 30°, 0°]
[0°, 30°, 0°]
[0°, 30°, 0°]
[0°, 60°, 0°]
[0°, 60°, 0°]
[0°, 60°, 0°]

Load, kN

Table 1: Sample name for each parameter tested
Oblique
Impact Angle
0°
8°
13°
0°
8°
13°

8.0

1.0

6.0

0.8

4.0

0.6

2.0

0.4

Energy, J

10.0

1.2

0.0
S30-0 S30-8 S30-13 S60-0 S60-8 S60-13

The total energy absorptions are obtained from
total area under the graph of load over displacement
curves (Fig. 6). The highest total energy absorption
as indicated on a bar graph in Fig. 3 was shown by
S30-0 with value 11.467J, followed by S60-0, S30-8,
S30-13, S60-8 with value of 9.086J, 8.919J, 7.796J,
5.047J and the lowest total energy absorption shown
is 2.990J from sample S60-13. The trend for total
energy absorption and maximum load are similar for
all parameters tested. UD kenaf composites with
orientation [0°, 30°, 0°] show superior total energy
absorption than orientation [0°,60°,0°] at the same
angle of impact. Moreover, increasing angle of
impact yield to descending total energy absorption
for both sample orientations. The declining trend of
total energy absorption of orientation [0°, 60°, 0°]
are sharper than the orientation of [0°, 30°, 0°]
thanks to the orientations of intermediate layer as
discussed before.
From the graph load over displacement as
illustrated at Fig. 6, by comparing the orientation
structure of UD kenaf composites with same impact
angle, orientation structure [0°, 60°, 0°] have lower
maximum load than orientation [0°, 30°, 0°].
Furthermore, UD kenaf orientation structure [0°,
60°, 0°] also take shorter displacement to reach
maximum load compare to orientation [0°, 30°, 0°].
At displacement range of 0mm to 8mm, the puncher
begins to touch the sample and deformation of
sample occurs without any permanent damages.
After maximum load is achieved, the matrix cracking
starts to propagate across the sample. At
displacement range of 8 mm to 14 mm, the puncher
starts to penetrate through the sample and
delamination occurs. On this stage, there is
significant drop in the penetration load. Afterward,
fluctuation curve is observed due to the friction
between puncher and sample.

Fig. 5: Maximum load and total energy absorption for all
samples

Fig. 6: Graph load over displacement

Y-axis fragmentation is longer than X-axis due to
UD structures that runs parallel to the axis. By
contrast, the X-axis fragmentation takes the size of
puncher (red circle) and remains same for all
oblique angles tested. When the angle of impact
increased, the Y-axis fragmentation become nonsymmetry, +Y region take the size of puncher while
the -Y region show fragmentation length become
shorter, thus affecting the total energy absorbed by
the samples. The outline of fragmentation profile for
all three oblique impact angles are summarized as
illustrated on Fig. 8.
4. Conclusion
An investigation has been conducted to study the
effect of UD kenaf reinforcement composite on the
low velocity impact response. Significant different
outcome in maximum penetration load, total energy
absorption and fragmentation profile failure have
been found at different oblique impact angles and at
different orientation structures of the UD kenaf
composites. As the impact angle increased, the
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maximum penetration load decreased as well as the
total energy absorbed. This behavior is clearly
observed by analyzed the fragmentation profiles on
composites after the testing. 13⁰ impact angles have
smaller fragmentation profile compared to 0⁰ impact
angle, resulting the 13⁰ impact angle has lower
energy absorption than 0⁰ impact angle.

At the same angle of impact, the orientation
structures [0°, 30°, 0°] show greater energy
absorption than [0°, 60°, 0°], these phenomena can
be explained by the influence of orientation on
intermediate layers. Orientation structure [0°, 30°,
0°] has intermediate layer that angled closed to first
and third layer of the composites, thus the total
energy absorption of [0°, 30°, 0°] is much higher
than [0°, 60°, 0°] structure.
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