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Abstract The current research will discuss on the low velocity impact properties of
kenaf/jute/kenaf hybrid composites treatedwith sodiumhydroxide solution. The after
impact damage properties will be observed through ultrasonic C-scan and compres-
sion after impact analyses. Kenaf/jute/kenaf sequence with 30 wt% fibre loading
was laid up in epoxy matrix and cured in room temperature. The hybrid composites
can withstand up to 30 J impact energy without full penetration, but appeared to be
severely damaged. The visual inspection through the naked eyes clearly shown the
cracks propagated towards the sides of the samples. However, limitations occurred
through the C-scan technique, as the damages captured were not fully in parallel to
the visual inspection. This is due to the properties of natural fibres. The compression
after impact testing showed a maximum force of 42 kN needed to break the samples,
impacted with low impact energy. The maximum compression force reduced as the
impact energy increased.
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1 Introduction

Kenaf and jute natural fibers are much famous now as an alternative to synthetic
(Barari et al. 2016), and both fibers have some good and bad advantages such as kenaf
and jute are very much eco-friendly, the cheap cost to making products etc. (Omrani
et al. 2016). and the disadvantages such as poor compatibilities in petroleum-based
polymers compared to synthetic fibre reinforcements (Aji et al. 2013). The researcher
is trying to find out the way to the enhancement of properties of natural kenaf/jute
hybrid composites (Ferdous and Hossain 2017). The hydrophilicity decreases the
adhesion to the polymer matrix, thus decreasing the performance of the obtained
composites (Ku et al. 2011). Chemical modifications on natural fibers can decrease
its hydrophilic properties and improve the compatibilities between the matrix and
fibers (Pickering et al. 2016). Previous studies suggested chemical modification on
natural fibres such as alkali and silane treatment (John and Anandjiwala 2008). In
this study, sodium hydroxide (NaOH) fibers treatment was applied to improve the
compatibilities of kenaf/jute hybrid composites.

Hybrid is one of the alternative techniques to improve the disadvantages of single
type composites. There are natural-natural, natural-synthetic and synthetic-synthetic
types of hybrid composites (Gholizadeh 2018; Luo 2016). To reduce the percentage
of synthetic materials in composites, natural-natural hybrid is the best alternative
(Jothibasu et al. 2018). Various combinations of natural-natural hybrid composites
were reported to study their mechanical, thermal, physical and impact properties
(Mansor et al. 2013). Studies on kenaf and jute as individual reinforcement in polymer
matrix composites had been initiated by some researcher few years back. However,
the hybrid of these two fibres was not yet reported to date. This is one of the gap that
can be explored to suggest more potential applications of the hybrid composites (Ali
et al. 2017; Selver et al. 2016).

Damages in composites can be analysed through destructive and non-destructive
methods. Ultrasonic C-scan is one of the promising techniques to evaluate damages
in laminated composites. However, its use in natural fibre composites is very limited.
The concept of relative attenuation ultrasonic waves is applied in this technique. A
transducer is used to scan the materials with the help of water as the transmission
medium between both surfaces. Comparison between the relative attenuation and the
operator-set level will results in colored images to display the damages of composites
(Rahman et al. 2015). Besidesmatrix cracking, ultrasonicC-scan is also able to detect
voids and delamination of composites (Ibrahim 2016). The ability of this technique to
detect interlaminar damages in composites suggests its use in various fields (Dubary
et al. 2018). This method is mostly suggested for the quality control in the production
line of product development (Segreto et al. 2018).

Compared to tension and bending forces, low velocity impact cause higher risk
to the strength and durability of composite structures. This is due to the sudden
force applied in a very short time on the structure, which results in unpredictable
damages (Razali et al. 2019). Due to that, compression after impact (CAI) testing is
an excellent technique suggested to examine the residual strength of the impacted
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composite. However, this method is a destructive evaluation method, which needs
to be done during the development and characterization stage of the materials and
not applied on the complex structure of respective applications (Safri et al. 2019).
Previous studies suggested a good correlation between the level of impact energy and
the residual compressive strength of sugar palm/glass hybrid composites, which the
residual strength reduced as the impact energy increases (Safri et al. 2019). Similar
trendwas also observed on the kenaf/glass hybrid composites usingwoven type fibres
(Ismail et al. 2019). The breaking point during the compression after impact testing
generally more concentrated at the centre, where the samples were impacted during
the low velocity impact (Shahzad 2019). The severity of damage highly affects the
residual strength and the damage pattern during the compression after impact testing
(Sasikumar et al. 2019). Samples with bigger damage area, but less depth of damage
are easier to be compressed compared to samples having smaller damage area with
thicker depth (Khan et al. 2018a, b).

The current study aims to analyse the low velocity impact properties of treated
kenaf/jute hybrid composites. The impact damages will be observed through visual
inspection and ultrasonic C-scan, while the residual strengthwill be analysed through
compression after impact testing.

2 Methodology

2.1 Materials

In the current study, woven mat kenaf and jute fibres were supplied by Indersen
Shamlal Pvt. Ltd. India while Epoxamite 100 with 102 medium hardeners, brand
Smooth-On, were purchased from Mecha Solve Engineering Sdn. Bhd, Selangor,
Malaysia. The epoxy and hardener were mixed at a ratio of 3:1 as per datasheet
provided. Table 1 showed the properties of Kenaf and Jute fibres.

Table 1 Properties of kenaf
and Jute Fibers (Khan et al.
2018a, b)

Properties Kenaf fiber Jute fiber

Density 1.4 1.3

Tensile’s strength 930 393–773

Young’s modulus 20 26.5

Elongation at break (%) 1.6 1.5–1.8

Cellulose content (%) 53–11 58–63

Hemicellulose content (%) 15–19 12%

Lignin content (%) 05–11 12–14
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2.2 Preparation of Composites

All the woven kenaf and jute fibres used in this study were immersed in a 6% NaOH
solution for 2 h a room temperature. The fibres were then washed with running tap
water and oven-dried at 80 °C for 24 h. The kenaf/jute hybrid composites were fabri-
cated in a total of 9 layers with three layers each at the sequence of KKK/JJJ/KKK.
This hybrid composites were fabricated using hand lay-up method and cured at room
temperature for 24 h.

3 Low Velocity Impact Test

Low velocity impact testing was performed using the Imatek IM1-C Drop Weight
TestingMachine, at the Laboratory of Aerospace Structure, UPM, as shown in Fig. 1.
All results obtained from the low velocity impact tests were generated using Imatek’s
software. This computer software works together with impact tester and data acqui-
sition system. Five impact energy levels of 10, 15, 20, 25, and 30 J, were applied in
this study.

These energy levels (in Joules) were selected based on the preliminary tests
conducted to obtain the range of energy reasonable for the whole actual impact
testing. The energy levels more than 30 J lead to ultimately break the specimen.
Low-velocity impact test was completed on the kenaf/jute hybrid composites with
five repetitions of the impact energy of each sample. The drop mass of the hemi-
spherical steel impactor of 5.101 kg and the tip diameter of 16 mm remains constant
during the impact testing. All tests were performed on the specimens with sizes of
100 mm × 150 mm × 8.30 mm, according to ASTM (D7136, 2015). Equation (1)
was applied to obtain the height of impactor based on the required impact energy.

Imapact energy, Ei = mgh (1)

where,

m Total mass of the impactor, 5.101 kg
g Gravitational acceleration, 9.81 m/s2

h Height of the impactor.

4 Ultrasonic C-Scan

The damage area of all the impacted samples were observed using the ultrasonic C-
scan. The procedureswere carried out atMalaysianNuclearAgency, Bangi, Selangor
using the R-Theta Arm scanner and RθScan software. Transducer with capacity of
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Fig. 1 Drop test rig
instrument for low-velocity
impact testing

1 MHz was used, together with SONATEST gel as couplant agent. The procedures
were shown in Fig. 2.

5 Compression After Impact

Compression after impact (CAI) testing was conducted at Universiti Teknologi
Malaysia (UTM), Kuala Lumpur. The test was performed according to ASTM
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Fig. 2 The ultrasonic C-scan set up

(D7137, 2012) standard for assessing the compressive strength after the impact for
a sample size of 100× 150 mm. The CAI investigation was carried out by using the
Universal TestingMachine (UTM)with 300 kNmaximum load capacity. The typical
crosshead speed displacement rate was 0.5mm/min. Figure 3 shows the experimental
set up for the compression after impact testing. A specific jig was used to hold the
samples in upright position while the compressive load was applied equally the top
side of the impacted samples until it breaks.

6 Results and Discussions

In this study, the analysis of low velocity impact properties were discussed in two
different curves, which are force–displacement and force–time curves respectively.

6.1 Force Versus Displacement

The severity of damage on specimens during the low velocity impact test can be
understood from the graph of force–displacement as shown in Fig. 4. The impactor
movement and the deformation of the specimens impacted on the surface during
interaction with the impactor are described in terms of the displacement. All samples
showed the same trend at 10–30 J. As in Fig. 4, the closed curve obtained from the
graph of force–displacement specified the specimens are being tested for the incom-
plete penetration damage on the test specimens. Indirectly, this clarified that low
velocity full impactor penetration produced an open curve in the force–displacement
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Fig. 3 The compression after impact test set up

Fig. 4 Force versus
displacement graph for
woven kenaf/jute hybrid
composites

graph. The upward and downward sections of the closed curve described the loading
and unloading region respectively. The upward component also delivered the data
about the sufficient bending stiffness on the sample (Salleh et al. 2013).

Moreover, another additional observation was the energy absorbed by the speci-
mens. This value is significant to the area under this force–displacement graph. The
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Fig. 5 Force versus time
graph for woven kenaf/jute
hybrid composites

kinetic energy transferred from the impactor to the specimens was absorbed in the
form of damage initiations. In this study, kenaf as the outer layer act as protector
to the jute in the inner layer. The displacement showed increasing value with the
increase of impact energy levels (Campo 2008). The increase in displacement had
increased the area under the graph, which in parallel to the more severe damage
occurred for samples impacted with higher impact energy (Maleque et al. 2012).

6.2 Force Versus Time

The force–time curves in Fig. 5 showed the continuous rough and unsymmetrical
shape from the beginning of sample fractured until damage (Yaghoobi and Fereidoon
2018). The area where the sample begins to fracture was indicated before the peak
load and the propagation of the fracture was indicated beyond the peak load. For the
kenaf/jute composites, the loading curve increased proportionately until a sawtooth-
like curve was established at peak force before unloading occurred. From the graph,
the force shifted in the curved slope beyond the first peak force fell due to the
reduction in material stiffness for the kenaf/jute hybrid composite (Belingardi and
Vadori 2002).

Initially, the kenaf/jute hybrid composite elastically behaved with minor failures
like micro-cracking. Then, significant damaged occurred due to high force. The
loading rate increased according to energy levels and significantly increased the
force.

6.3 Ultrasonic C-Scan

UltrasonicC-scan provided an appropriate analysis of the damage area of composites.
In this study, the images from the ultrasonic C-scan were compared with the visual
inspection from the naked eyes. Figure 7 shows the comparisons of damage area of
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Fig. 7 Comparison of damage observations through visual inspection and images from ultrasonic
C-scan

kenaf/jute hybrid composites impacted with respective energy levels of 10, 15, 20,
25, and 30 J.

All the five samples repetition for each energy level were scanned and analysed.
However, only the most visible damages were compared in Fig. 7. In overall, the
images from the C-scan technique did not showed a reliable data on the damage
area. This is due to the natural fibres used as the reinforcement in composites, which
absorbed the waves used in this technique. It can be suggested in the future, that the
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scanning procedure to be done several times on the surfaces of composites to collect
more data and produce better images.

It can be seen the damage at the bottom surface of the sample impacted with
10 J impact energy could not be detected at all using the ultrasonic C-scan. Image
produced for sample impacted at 15 J impact energy also displayed the damage on
the top surface but missing for the bottom surface (Robinson and Davies 1992).

In terms of damage propagation in composites, it can be seen that matrix cracking
initiated from the point of impact towards the sides of samples in a line and not
scattered in numerous directions. This trend is one of the effects of using woven
type fibres in composites. The woven fibres can reduce the chances of total failure,
which the damages can be scattered in different directions from the point of impact.
This condition normally happened on short fibre composites or random oriented
long fibres composites. These two types of composites also have lower visibility of
damages from the ultrasonic C-scan technique.

6.4 Compression After Impact (CAI)

The compression after impact (CAI) test is used to predict the residual strength
of composites after they had been impacted with respective impact energy levels.
Figure 8 shows the force–displacement graph of the samples for compression after
impact testing.

In overall, it can be seen that the peak compression force to break the samples
were in the similar range of approximately 40–42 kN, except for the sample impacted
at 30 J as it experienced severe damages and nearly to total failure during the impact
(Ghelli and Minak, 2011). The damage patterns as described in Sect. 6.3 showed a
good relation to the CAI analysis. All samples experienced matrix cracking initiated
from the center, which promotes failure of composites under compressive load at
almost similar force.

Fig. 8 Compression force
vs displacement of kenaf/jute
hybrid composite



Low Velocity Impact, Ultrasonic C-Scan and Compression … 83

7 Conclusions

The current study highlights the low velocity impact properties of woven kenaf/jute
hybrid composites, their damage analyses and residual strength after impact. The use
of woven type fibres results inmore consistent data in all the analyses conducted. The
ability of these natural-natural hybrid composites to withstand high impact energy
of 30 J can be contributed from the type of woven fibres and the NaOH treatment
applied on the fibres to improve the compatibility in polymers. In overall, this study
may contribute to a better potential development of natural fibre composites, without
having synthetic fibres as hybrid. The key findings from the current study can be
suggested as follows:

i. Kenaf/jute hybrid composites in the sequence of KKK/JJJ/KKK in epoxy
matrix with a total thickness of approximately 8 mm can withstand maximum
impact energy of 30 J through the drop test rig method.

ii. The KKK/JJJ/KKK hybrid composites did not show visible damage on the top
surface at 10 J impact energy.

iii. The use of natural fibres in polymer composites limits the data collected in the
ultrasonic C-scan technique, thus produced non-reliable images of damage in
comparison to the visual inspection from the naked eyes.

iv. The damage patterns observed after the impact testing can be correlate with
the data acquired from the compression after impact testing.

v. Increase in impact energy will increase the severity of damages, thus reduce
the residual strength of composites.
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