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ABSTRACT

This study has been conducted to investigate the flexural
strength of Borassus Flabellifer Fiber (BFF) reinforced
polyester composite joint under static condition. Tests were
carried out to study the flexural strength of double strap butt
joint and single lap joint of BFF polyester composite. In
addition, post observation of macroscope was used to map
failure behavior. The results showed that the flexural
strength of single lap joint is higher than that of material with
double strap butt joint of BFF polyester composite. The larger
cross-sectional area and the existence of gap area could be
the main reason for lower flexural strength generated by
double strap butt joint of BFF polyester composite. The
failure of BFF polyester composite joints under flexural test
indicated the brittle failure behaviour. Fiber breakage was
found to be the final failure mechanism, starting with matrix

crack and fiber-matrix debonding failure mechanisms.
© 2019 Tim Pengembang Jurnal UPI
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mechanical

Nowadays, composite materials have
been attracted attentions for more finding
and more applications in automotive,
aerospace,  construction, sport, and
packaging industries (Mohan et al., 2012). In
practical use of composite materials as a joint

joints are the discontinuity geometry to
facilitate the assembly of the bolt or rivet
holder. From a mechanical point of view, the
joint structure is a critical area causing the
stress concentration, the initial occurrence of
damage propagation and the final failure of
the composite component (Bale et al., 2018;
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Chang et al, 2006; Senguttuvan and
Lillymercy, 2015). Therefore, the stress
concentration impacts on various types of
mechanical joint is an important issue,
especially in evaluating the damage and
failure of composite materials, which may
later affect the mechanical strength and the

lifetime of the composite materials
component.

Composite  materials based on
renewable and natural resources are

potential due to their ecofriendly nature and
sustainability (Mohammed et al., 2015).
Natural fiber is a type of renewable sources
and a new generation of reinforcements for
composite materials, and the development
of natural fiber composite materials has been
a hot topic recently due to the increasing
environmental awareness (Sanjay et al.,
2016). The advantages of natural fibers
include low price, low density, unlimited,
sustainable availability, and low abrasive
wear of processing machinery (Malkapuram
et al., 2008). Further, natural fibers are
recyclable, free of carbon dioxide and
environmentally friendly (Biswas et al., 2012;
Ahmad et al., 2013).

Recently, lontar or Borassus flabellifer
fiber (BFF) is used as the reinforcement
material due to their availability, low cost,
and environmentally friendly nature.
Therefore,, BFF is increasingly in demand by
many researchers for being used and applied
as composite materials. The mechanical
properties of BFF could be enhanced by alkali
treatment and could be used as
reinforcement in the composites to fabricate
light weight parts for structural applications
like automobile door panels, window frames,
etc (Boopathi et al., 2012; Srinivasababu et
al., 2014; Sudhakara et al., 2013; Obi Reddy
et al.,, 2013). In orthotics, BFF had good
potential to be applied as the orthotic
devices due to its properties (Shanmugam
and Thiruchitrambalam, 2013). Based on the
fabrication process of Borassus fruit fiber/pp

composites, it was found that the 5 wt%
compatibilizer by injection molding and 15
wt% of BFF are the optimum concentration
for composites fabrication (Sarasini et al.,
2017). The effect of the hole on tensile
strength of lontar fiber reinforced composite
indicated that the local area from the
existence of hole dictates the tensile strength
and the presence of the hole initiates the
damage propagation of matrix cracking
which fairly straight and transverse to the
loading axis (Bale et al., 2017).

The use of BFF in composite materials as
the reinforcement has presented the need to
understand its material properties by
conducting mechanical tests. The results
obtained can be the basic references to apply
the BFF reinforced polymer composite
material in joint structure application for
automotive or marine industry. However, the
study of BFF reinforced polymer composite is
a challenging task since very limited work has
been done on its application on mechanical
joint design. The present work thus focuses
on the investigation of mechanical joint by
using polymer matrix composites and BFF as
the reinforcement under flexural load in
static condition.

2. MATERIALS AND METHODS
2.1. Fiber preparation.

BFF were first chopped to length of 5 cm
and washed with distilled water until the
removal of attached physical impurities are
on BFF surface. Then, the BFF were dried for
24 hours at ambient temperature. Further,
BFF preparation was alkali treatment using
5% of NaOH for 1 hour at room temperature.
Alkali treatment removed fibre constituents
and increased surface roughness for
improving the bonding between fiber and a
matrix (Pickering et al. 2015). The BFF later
were washed with distilled water to remove
any NaOH sticking on its surface, and then
the BFF were room dried again for 24 hours.
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Detailed information for BFF is shown in
Figure 1.

2.2. Specimen Preparation.

The fabrication of the joints were carried
out through the hand lay-up technique. The
random fiber orientation of BFF was applied
as the reinforcement and polyester was used
as the matrix. They are mixed with 30% of
BFF volume fraction and 70% of polyester
volume fraction. The mixture of the polyester
and the catalyst were poured into the mold
together with the BFF in accordance with the
ratio of the volume fraction to obtain the
desired composite plates (300 x 300 mm?)
with the thickness of 4 mm. Each composite
plate was cured at room temperature under
a load of about 50 kg for 24 hours before it is
removed from the mould. The composite
plates were then cut out in accordance with
the ASTM D5961 where each specimen
should have centerline holes so it can be

connected using a nut and bolt. In order to
investigate the bending properties of
mechanical joint, two types of joint were
studied, i.e. double strap butt joint and single
lap joint, shown in Figure 2. Ten specimens of
each type of joint were tested and the results
were presented as an average value of tested
specimens.

2.3. Flexural test.

The specimens were subjected to four-
point bending test using the Torse Universal
Testing Machine Type AMU-5-DE. The two
loading pins are placed at an equal distance
around the center of span length of 170 mm
and the cross head speed of 2 mm/min were
maintained. Based on the data obtained from
the tests, the analysis will be performed to
determine the BFF polyestercomposite
joints. Figure 3 shows the flexural test
configuration.

Figure 1. Borassus Flabelliferfiber

| DOI: http://dx.doi.org/10.17509/ijost.v4i1.15239
| p- ISSN 2528-1410 e- ISSN 2527-8045



http://dx.doi.org/10.17509/ijost.v4i1.xxxx
http://dx.doi.org/10.17509/ijost.v4i1.xxxx

Jefri S. Bale., et al., Experimental Investigation on Mechanical Joint of Lontar...| 20

270

70
35
17.50 17.50

jmul m il

i ; %
~ < " ™~
3 9 0
1 \

L L

3
w4
R\

=

+ IJII - ;‘
1 : |

] 1

a. Double strap butt joint of BFF polyes-
ter composite

b. Single lap joint of BFF polyester com-
posite

Figure 2. BFF polyester composite joint (in mm)

Figure 3. Flexural test configuration

3. RESULTS AND DISCUSSION
3.1. Flexural strength

The flexural tests were performed on
test specimen of mechanical joint of BFF
polyester composite i.e. double strap butt

joint and single lap joint. From the tests
results, obtained the average data of the
maximum load (N) and deflection (mm) of
each BFF polyester composite joint, shown in
Figure 4.
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From the tests results, the higher
average static flexural maximum load of BFF
polyester composite joint is 490 N which
resulting by single lap joint. The lower static
flexural maximum load of 340 N is recorded
for double strap butt joint. The maximum
deflection of 18 mm also produced by single
lap joint and double strap butt joint resulting
minimum deflection of 15 mm.

Figure 5 shows the typical load-
deflection curve for each mechanical joint of
BFF polyester composite. Basically, two
different stages can be observed from the
load-deflection curve: first stage represents
the likely linear increment period.

This load-deflection behaviour occurs
due to the negligible stiffness change until
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the maximum load; second stage illustrates
the decrease capability period of load-
carrying that describe the evolution of
flexural damage.

The linear fitting (red and yellow line)
was plotted on the curve for each stage to
describe the stiffness reduction due to the
damage appearance at the lines intersection.
This behaviour also explained in Arnautov et
al. (2015), in which they found in load-
displacement curve of double-lap shear (DLS)
tests for welding and fastening composite
joint. The flexural strength of BFF polyester
composite joint is presented in Figure 6. It
shows that the flexural strength of the single
lap joint of BFF polyester composite is
approximately 50% higher than double strap
butt joint of BFF polyester composite.
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Figure 5. Load-deflection curve of mechanical joint of BFF polyester composite
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Figure 6. Flexural strength of BFF polyester composite joint

The double strap butt joint of BFF
composite specimens have larger cross-
sectional area due to the existence of strap
plates compared to the single lap joint
specimens. Theoritically, the difference of
cross-sectional area affects the bending
stress calculation where it is inversely
proportional to the stress calculation. This
phenomenon was also confirmed by previous
study (Bale et al., 2017), where the smaller
area of joint configuration due to the
presence of the hole produces larger tensile
stress compared to the joint configurations
with larger area. Furthermore, the stress
behaviour shows that the single lap joint of
BFF polyester composite possessed better
strength to withstand the absorbed energy
generated from the load to deform than the
the double strap butt joint. The composite
strength detected by the absorbed energy
has been investigated using infra-red (IR)
camera during the testing where the results
shown that the more energy absorbed
indicates that the fiber composite has a
better strength and ability to transfer the
load before damage that is signed by slowly
released of the absorbed energy
(Montesano et al., 2013; Bale et al., 2017).
From the geometry point of view, double

strap butt joint produces the lower flexural
strength possibly due to the presence of
higher stress concentration at the gap area of
adherend part in black circle, as shown in
Figure 7. Around the gap area, there is no
adhesive used. This causes the concentration
and distribution of the stress at the end of
adherent part/discontinuity part can not be
distributed so that the flexural load can only
be transferred by the strap plates. In
addition, the presence of adhesive in the gap
area has an influence on the strength of the
joints as explained by previous studies
(Karachaliosa et al., 2013; Temiz and Adin,
2015; Patil and Choudhari, 2016), where the
joint strength increases as the adhesive
thickness increases. The flexural modulus of
BFF polyester composite joints indicates the
stiffness and the deflection behaviour, as
shown in Figure 8. The higher deflection is
also followed by an increase of the flexural
modulus, where the average flexural
modulus of the single lap joint was generated
to be around 20% higher compared to the the
double strap butt joint. This indicates that
the load of single lap joint was distributed
more uniformly in the sufficient area before
damage compared to the double strap butt
joint.
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Strap plate

Gap area of adherent

Figure 7.Geometry ilustration of double strap butt joint of BFF polyester composite
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Figure 8.Fexural modulus of BFF polyester composite joints

Consequently, single lap joint generates
higher deflection rather than double strap
butt joint. On the other hand, the existance
of gap area of double strap butt joint also
possibly is the main cause for lower
deflection and flexural modulus, as reported
in the literature (Bale et al., 2018).
Eliminating the existence of gap area of strap
butt joint improves the joint strength by
filling the gap area with adhesive and
creating intact area to carry out the applied
load (Sandu et al. 2010; Temiz et al., 2015).
This is reasonable since the single lap joint
acts entirely rely on the intact area due to the
absence of gap area and contributes to
higher toughness, as opposed to the double
strap butt joint.

3.2. Damage behaviour

Under flexural loading, the failure stage
of BFF polyester composite joints is
illustrated in Figure 9(a). From the damage
observation of both types of BFF polyester
composite joints, it can be seen that the

| DOI: http://dx.doi.org/10.17509/ijost.v4i1.15239
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failure propagates perpendicular to the
specimen length and no change of shape or
geometry (pure elastic deformation), which
is the characteristic of brittle fracture. The
failure location for both joints were found to
occur at critical regions, i.e. the end of strap
plate of double strap butt joint and the end
of overlap adherend part of single lap joint,
as also reported in previous studies (Calik
2016; Temiz 2006). The fiber breakage and
matrix rupture found to be the final failure
mechanism for both types of BFF polyester
composite joints, in which this normally
started with matrix cracking in micro scale at
the tensile side of the specimen. Along with
the increase of flexural load during the test,
it propagates and then leads to initiate the
presence of fiber-matrix debonding damage
mechanism that can result in final failure of
its structure, as presented in Figures 9(b) and
(c). This damage behaviour also explained by
others literatures (Ledo et.al., 2011; Meihong
et.al., 2016), which is a typical brittle damage
of fiber composite.
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b. Failure of single lap joint

c. Failure of strap butt joint

Figure 9. Failure of BFF polyester composite joints
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4. CONCLUSION

The flexural behaviour of BFF polyester
composite of single lap joint was found
higher compared to the double strap butt
due to the presence of the stress
concentration and uneven stress distribution
at sufficient area. Fiber breakage and matrix
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