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Today’s modern, dynamic world would be impossible to imagine without the concept of composite material advancement.
Various studies are being conducted in this area in order to reach the desired level. In terms of compatibility, natural fibre
reinforced polymer-based composites and synthetic fibre composites are very similar. Because they are lightweight, nontoxic, and
nonabrasive, they are very popular with consumers. They are also readily available and affordable. Composite materials made from
natural fibre have superior mechanical properties compared to those made from synthetic fibre. As part of this research, an epoxy-
based composite with bamboo and sisal fibre reinforcement is examined. Reinforced with epoxy resin, bamboo fibre and sisal fibre
are used to make composite materials. The effect of adding bamboo fibre and sisal fibre in various weight percentages on the
mechanical behaviour of composites is investigated.

1. Introduction

Natural fibres are superior to artificial fibres because they are
lighter, denser, and more environmentally friendly and have
a higher specific strength. On the downside, they have a low
gloss finish and are more prone to absorbing moisture [1].
There are also some quality variations. Automobile, pack-
aging, aerospace, construction, and other industries com-
monly use natural fibre composites. So long as the fibre

content does not reach an optimal level, the composites’
tensile strength increases [2]. On account of environmental
pollution and energy shortages, scientists and researchers
began paying close attention to biomass composites in the
early 21st century [3-7]. Plant fibres such as sisal, bamboo,
bananas, and kenaf have been effectively employing them for
reinforcement in addition to thermoplastic and thermoset
matrixes. Natural fibres have a number of well-known ad-
vantages over synthetic fibres [8, 9]. Additionally, they have
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high strength and elasticity modulus, as well as low price and
low density. For example, sisal plant fibres have lower ul-
timate tensile strength than bamboo [10]. More than 500
bamboo species grow in China, which has a bamboo forest
covering around 67,000 hectares, accounting for about one-
fourth of the world’s bamboo forests [11]. Bamboo is pro-
duced in China, which is the world’s most famous bamboo-
producing country. But only about 40% of the natural
bamboo resources are currently being used [12]. Its low
density, stiffness, and strength as well as its rapid growth
have made bamboo popular [13, 14]. Scortechinii is abun-
dant and has excellent mechanical properties. As a general
rule, 3-5-year-old bamboo should be used in the con-
struction industry [15]. Prior to the fibre’s extraction, several
treatments must be performed on the bamboo culms.
Bamboo fibre extraction methods include retting, steam
explosion, alkali treatment, degumming, grinding, and
crushing [16-19]. The mechanical properties of a composite
are improved when the fibres and matrices are well bonded
at the interface. When the matrix becomes loaded, it will be
transferred to the fibres [20]. According to some researchers,
composites’ mechanical properties are improved by inter-
facial strength [21, 22]. As a result of its versatility, bamboo is
used in a variety of composite materials. Forms include short
bamboo fibres, long bamboo strips, and the whole volume of
bamboo. A growing number of researchers are interested in
developing stronger bamboo fibre for use in industrial
products [23]. Using vacuum-assisted resin transfer
moulding, bamboo fibres and vinyl ester resins were com-
bined to create environmentally friendly fibre reinforced
composites. Using steam explosion, alkali extraction, and
chemical extraction, bamboo fibre bundles were extracted
prior to fabrication of green composites [24]. According to a
comparison of the two materials, jute fibre reinforced epoxy
composites had higher Young’s modulus values than
bamboo fibre reinforced epoxy composites [25]. Polymer
composites may benefit from the addition of sisal fibre as a
reinforcement. Sisal fibre has potential uses in the aircraft
and automobile industries beyond traditional ones (such as
ropes, carpets, and mats). Many factors influence how sisal
fibre behaves physically and mechanically. These include the
fibre’s source, age, and location. By altering the surface of the
hydrophilic sisal fibre, the hydrophobic polymer matrix has
better interfacial adhesion with the hydrophilic fibre
[26-28]. Bamboo fibre reinforced epoxy composites showed
good longitudinal flexural strength. A number of studies
have found that natural fibres such as jute and bamboo can
affect the mechanical and physical strength of composites
[29-31]. In order to replace conventional materials with
natural fibre composites, hybrid combinations of natural
fibres are preferred [32]. Because of its excellent mechanical
properties, chemical resistance, and electrical insulation
characteristics, polymer epoxy resin is used in the majority
of bamboo fibre composite studies. The effects of various
fibre volume fractions and fracture pattern morphology on
bamboo fibre composites at room and elevated temperatures
are described in detail. For the purpose of this study, we used
varying amounts of bamboo and sisal fibres with epoxy resin
to create hybrid composite specimens. Pure and hybrid
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composite specimens underwent tensile, flexural, com-
pression, and impact tests to determine mechanical prop-
erties. Bamboo and sisal fibres were mixed with epoxy
matrix to determine how much of each should be added to
achieve desired strength of fibre in composites [7, 14, 33-36].
Bamboo and sisal fibre composites with different volume
fractions were also evaluated for their mechanical properties.

2. Experimental Plans
2.1. Materials

2.1.1. Sisal Fibre and Its Extraction. A tropical or subtropical
temperature is more conducive to sisal plant growth; it
grows best above 30°C. Each plant produces 160 sword-
shaped leaves over the course of its seven-year lifespan.
Ropes, carpets, and so on are typically made from the
600-900 fibres found in the jute. They are removed when
they reach an angle of greater than 40° with respect to their
upright position. The leaves are then repeatedly beaten with
rollers with rounded knife edges, a process called decorti-
cation. Squeezing the pulp from the leaf releases the fibres. In
order to remove dust and other unwanted contents from the
fibres, they are then exposed to the Sun for 4 to 5 days.

2.1.2. Bamboo Fibre and Its Extraction. The pseudo-stem of
the bamboo plant is used to extract the bamboo fibres. This
plant can reach a height of 15 to 20 feet, depending on the
region and the climate. In addition to being 4 to 6 cm wide
and 2 to 3 cm thick, the stalk’s length is determined by the
plant’s height. The stalk’s outer sheath contains fibres. 80 cm
is cut off the plant’s qualified stem, and the outer sheath is
removed from it. It is then removed by crushing sections of
the pulpy material between two roller drums and scraping
them around the circumference of each drum. As the name
suggests, tuxies is the term used to describe a process of
removing fibres from the stalk. A thorough washing and
drying operation in the sunlight for a few days is required to
remove any remaining moisture.

2.1.3. Epoxy. Epoxy resin is an epoxy oligomer. Once the
hardener or curing agent has been introduced into the mix, it
takes on a three-dimensional structure. Epoxy resin prop-
erties can be altered by using different epoxy oligomers and
curing agents. As matrix material, epoxy-LY556 with HY951
hardener is used. The resin-to-hardener weight-to-weight
ratio is 10:1.

2.1.4. Composite Fabrication. In this case, the composite
laminates used in this work were made by compression
moulding (Figure 1). Bamboo and sisal fibres that have
been exposed to the Sun are first separated and chopped.
Epoxy resin, bamboo, and sisal fibre were combined in five
different compositions (BS1—90, 10, and 0), (BS2—90, 10,
and 10), (BS4—380, 12.5, and 7.5). (BS5—80, 17.5, and 2.5).
Bamboo, sisal, bamboo-sisal fibres, and epoxy resin were
used to create the composites, with the appropriate
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FIGURE 1: Schematic of compression moulding technique.

hardness selected. With a 250 x 250 x 20 mm mould, the
present work was created.

Epoxies are more resistant to water and heat than
other polymeric matrices and have high corrosion resis-
tance [37, 38]. In order to prevent resin from being de-
posited during the squeezing process, a polythene sheet
was placed over the bottom jaw. Natural fibre premixed
with epoxy resin was applied to the mould after the epoxy
resin had been applied. Using a 150-ton hydraulic com-
pression machine, the well-mixed compositions were
compressed, and then the resin was applied to the top. For
uniform resin distribution throughout the compositions,
the pressure was gradually increased to remove trapped
air. It took nearly 18 hours to cure the laminate under
constant pressure. It was the same with other composite
laminates. Table 1 shows the weight and volume per-
centages of bamboo fibre, sisal fibre, epoxy resin mixture,
and laminate. In order to smooth the edges, burs were cut
with a saw and rough edges were removed with emery
sheets after the compressed laminate had been removed
from the compression moulding machine. Most of the
thermoset and thermoplastic polymer composites ex-
tensively use the compression moulding process. It is
widely used in the high-volume production of composite
components, like structural and automobile parts.

2.2. Specimen Preparation for Mechanical Test

2.2.1. Tensile Test. Tensile strength refers to a material’s
ability to stretch without snapping. ASTM D3039 was used
to determine the laminate’s tensile strength. The specimen
needs to be checked to make sure that breaks occur where
they should, and their necessity depends on where they
occur. The specimen’s ends were clamped in between the
jaws of the clamp. In other words, the specimen is pulled taut
by the jaw movement. This force was measured as a function
of gauge length change. The test was performed on a Naveen
Engineering universal testing machine with a maximum
load capacity of 400 kN. Four millimetres per minute was
used to load the samples. There were five samples per
laminate for each of the three composite specimen types that
were tensile tested. Figure 2 shows the tensile testing
machine.

2.2.2. Flexural Test. During flexural testing, the specimen is
subjected to tensile and compressive stresses, resulting in a
shear stress along the specimen’s centerline. The beam could
only be bent by applying force. On the universal testing
machine, with a load capacity of 400KkN, a flexural test was
conducted. The ASTM D790 standard was used to measure
the nominal specimen. Because of this, specimens were
placed in the middle of two supports, 75 millimetres apart.
4mm/min of load was applied to the specimen until it
fractured and broke. According to Figure 3, this test involves
flexural testing of a specimen. The flexural stress was cal-
culated using the maximum load at failure.

2.2.3. Compression Test. Compressive strength refers to a
material’s ability to withstand a load without lateral de-
formation. In order to determine the laminate’s tensile
strength, ASTM D3410 was used. The specimen needs to be
checked to make sure that breaks occur where they should,
and their necessity depends on where they occur. The
specimen’s ends were clamped in between the jaws of the
clamp. The specimen is compressed as the jaw moves. This
force was measured as a function of gauge length change. A
compression test was carried out on a Naveen Engineering
universal testing machine with a maximum load capacity of
400 kN. The samples were loaded at a rate of 4 millimetres
per minute. In order to obtain an average value, five samples
from each of the five types of composite specimens were
subjected to compression specimen.

2.2.4. Impact Test. Figure 4 shows the impact testing ma-
chine. This is the material’s ability to withstand sudden
application of load. Using the Izod impact test rig, we
evaluated the laminates’ impact resistance and abrasion
resistance. This test method measured the kinetic energy
required to initiate a fracture and continue it until the
specimen breaks. ASTM D4812 is the standard measurement
for the Izod test. An air pendulum blew kinetic energy onto a
test specimen standing upright. Grippers were used to hold
the test specimen vertically. During the toughness and
ductility tests, a scale was used to measure how much energy
was absorbed by the material before it broke apart. The
specimen description for the Izod impact test is shown in
Figure 5.

3. Results and Discussion

3.1. Tensile Strength. Nine different types of laminates are
tested in the UTM to determine their tensile strength ca-
pabilities. Figure 6 shows the tensile strength of five com-
posite specimens. Sisal is added to bamboo fibre to increase
its tensile strength. Composite specimens with higher sisal
fibre content in the skin layers stretch more at break than
specimens made of bamboo fibre. Figure 6 shows that the
tensile strength of the composite is directly related to the
amount of bamboo and sisal fibre in it. The specimen
fractures at 80 wt. percent epoxy resin, 17.5 wt. percent
bamboo fibre, and 2.5 wt. percent sisal fibre reinforced
composites. On the graph, the stress-strain values that
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TaBLE 1: Weight percentages of matrix and reinforcement materials.

Specimen description Matrix material (epoxy resin)

Primary reinforcement (bamboo fibre)

Secondary reinforcement (sisal fibre)

B10/S0 90
B0/S10 90
B10/510 80
B12.5/87.5 80
B17.5/82.5 80

10 0
0 10
10 10
12.5 7.5
17.5 2.5

Ficure 2: Tensile test machine.
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FiGURE 3: Specimen description for flexural test (ASTM D790
standard).
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FIGURE 4: Impact test machine.

correspond to the tensile modulus of laminates can be
measured. For all composite specimens, typical stress-strain
curves were generated using the UTM. At its yield strength,
the specimen begins to behave like brittle material and
eventually breaks. UTM also provided a comparison plot of
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FIGURE 5: Specimen description for Izod impact test (ASTM D4812
standard).
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FIGURE 6: Tensile strength of the composite specimens.

load and displacement curves for each laminate during the
tension test process. B0/S10 laminates with 100% sisal fibre
have tensile strengths of 18.07 and 20.03 MPa, respectively,
while B10/S10 composites with randomly mixed bamboo/
sisal fibre have tensile strengths of 22.64, 26.41, and
21.82 MPa, respectively. Tensile properties of laminates are
improved by 32% and 24% when bamboo fibre and sisal fibre
are mixed together in higher weight percentages of bamboo
fibre than sisal fibre. Naturally hybrid composite tensile
strength increases with bamboo content. The tensile strength
of bamboo fibre is increased by 32, 24, and 14%, respectively,
by adding sisal fibre. There is no doubt that adding sisal fibre
to bamboo fibre reinforced composite materials improves
their strength, and that mixing bamboo fibre with sisal at
higher weight ratios increases their resistance to tensile
forces. Pure bamboo or sisal fibres cannot match the tensile
strength of a hybrid bamboo-sisal fibre reinforced with
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epoxy resin. It is also possible to compare maximum dis-
placement and length of the various combination sets.

3.2. Flexural Strength. Figure 7 shows the flexural strength
measured using the UTM. A sandwich material of bamboo
and sisal fibre is found to be stronger than the other
combinations. The load is evenly distributed between fibres
and matrix in laminates that have been subjected to gradual
loading before rupture. Cracks form and propagate along the
laminate cross section due to poor adhesion between the
fibre and matrix. 46.81 MPa is the higher flexural strength of
the composites, attained at the combination of (B12.5/S7.5).
There are almost no differences in strength between the
bamboo and sisal fibre composite materials. It was found
that the flexural strength increased by 13.45, 8.28, and 4.53%
when sisal fibres were added to the bamboo fibre laminate
and epoxy resin matrix, but it decreased by 3.54% when
excess sisal fibre content was added. There is a maximum
flexural strength of 46.81 MPa in composite specimens
reinforced with 12.5 wt. percent of bamboo fibre and 7.5 wt.
percent of sisal fibres (B12.5/57.5). As shown in Figure 7, all
composite specimens have similar flexural strengths. The
hybrid bamboo-sisal fibre reinforced composite specimen
outperforms the pure bamboo and sisal fibre reinforced
composite specimens, and the properties seem to improve
with the limited addition of sisal fibres, while the addition
beyond a certain limit affects its strength-absorbing char-
acteristics. With the 17.5 weight percent bamboo fibre and
2.5 weight percent sisal groupings, flexural properties im-
proved less than with the 12.5 weight percent bamboo fibre
and 7.5 weight percent sisal groupings, relative to each other.
The distribution of reinforcement loads (compression and
tension loads) and shearing forces in intermediate layers
becomes less uniform as the number of layers increases.

3.2.1. Compressive Strength. Compressive strength was
measured using the UTM as shown in Figure 8. It has been
found that sandwich materials made from bamboo and sisal
fibre are stronger than other combinations of these two
materials. In laminates that have been subjected to gradual
loading before rupture, the load is evenly distributed be-
tween fibres and matrix. Laminated cross sections crack due
to poor adhesion between fibre and matrix. 26.92 MPa is the
higher compression strength of the composites, attained at
the combination of (B17.5/S2.5). There are almost no dif-
ferences in strength between the bamboo and sisal fibre
composite materials. However, the flexural strength is in-
creased by 19.58, 11.52, 8.21, and 3.831% when sisal fibres are
added in excess to the bamboo fibre laminate and epoxy
resin matrix. There is a maximum flexural strength of
26.92 MPa observed in composite specimens reinforced with
17.5 wt. percent bamboo fibre and 2.5 wt. percent sisal fibre
(B17.5/82.5). A comparison of all composite specimens’
compressive strength is depicted in Figure 8. In addition, the
properties of the bamboo-sisal fibre reinforced hybrid
composite specimen seem to improve with the addition of
more sisal fibres, while adding more fibres beyond a certain
point also improves its strength-absorbing characteristics.
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FIGURE 7: Flexural strength of the composite specimens.
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FIGURE 8: Compressive strength of the composite specimens.

17.5 wt. percent bamboo fibre groupings and 2.5 wt. percent
sisal groupings show the greatest improvement in com-
pressive properties, while 12.5 wt. percent bamboo fibre and
7.5 wt. percent sisal groupings show the least improvement.
The distribution of reinforcement loads (compression and
tension loads) and shearing forces in intermediate layers
becomes less uniform as the number of layers increases.

3.2.2. Impact Energy. Five different compositions are tested
for impact resistance. The Izod impact test machine is used
to determine the energy lost during the impact process.
Energy absorption by a specimen after it has been struck by
an extremely heavy blow is shown in Figure 9. Hybrid fibre
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combinations with a higher proportion of bamboo fibre and
a smaller proportion of sisal fibre outperform natural fibres.
The crack propagates as a result of a loss of adhesion between
the specimen’s fibres and matrix. While the pure bamboo
and sisal fibre reinforced composite specimen have impact
energies of around 3.2 ] and 3.9 J, the epoxy resin matrix with
12.5 wt. percent bamboo fibres and 7.5 wt. percent sisal fibres
has an impact energy of 4.4 J. Researchers found that natural
fibre laminates had lower impact energy than a bamboo-sisal
hybrid composite, according to a study published in Nature
Materials. Both the pure bamboo and sisal fibre composite
specimens have a nearly identical impact energy as a result.
Impact properties of bamboo fibre mat are dramatically
improved when sisal fibres are added. Specimens made from
composite materials with B10 and S10 content have impact
performance improvements of 13% and 31%, respectively.
B12.5/S7.5 composite specimen samples have the highest
impact energy, which is 31% and 13% higher than pure
bamboo and sisal fibre reinforced composite specimens,
respectively. The glass fibres in hybrid composites absorb a
large amount of energy because bamboo and sisal fibres
alternate between layers. There is no positive trend in the
impact performance of bamboo and sisal fibres when they
are combined in equal weight ratios. As the load travels
transversely, the impact properties of natural fibre layers
become less effective. As shown in Figure 9, different
composite specimens can be compared in terms of impact
energy absorption.

4. Conclusions

The mechanical behaviour of bamboo fibre reinforced ep-
oxy-based polymer composite was studied. This experi-
mental investigation produced the following results.

(i) Bamboo and sisal fibre reinforced epoxy composite
materials have been successfully fabricated.
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(ii) Bamboo and sisal fibres have a significant influence
on composite mechanical properties, including
tensile strength, flexural strength, compressive
strength, and impact energy.

(iii) A lack of proper bonding at the interface of bamboo
and sisal fibres causes mechanical properties to
degrade with the exception of compressive behav-
iour. Load transfer to bonding fibres is disrupted as
a result. Bamboo and sisal fibres with higher
compositions may have lower tensile strength,
impact strength, and flexural strength because of
this phenomenon.

(iv) The tensile strength of bamboo fibre is increased by
32, 24, and 14%, respectively, by adding sisal fibre.
Composite specimens reinforced with 12.5 wt.
percent bamboo fibre and 7.5 wt. percent sisal fibres
had a maximum flexural strength of 46.81 MPa.

(v) In composite materials, bamboo (12.5 weight per-
cent) and sisal fibre (7.5 weight percent) are added
in order to increase tensile strength, flexibility, and
impact resistance.
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