
See discussions, stats, and author profiles for this publication at: https://www.researchgate.net/publication/364971335

Experimental study of mechanical properties of Sisal/banana fiber hybrid

sandwich composite

Article  in  Materials Today Proceedings · October 2022

DOI: 10.1016/j.matpr.2022.10.082

CITATIONS

5
READS

139

6 authors, including:

Hasane Ahammad Shaik

K L University

217 PUBLICATIONS   1,178 CITATIONS   

SEE PROFILE

All content following this page was uploaded by Hasane Ahammad Shaik on 28 November 2022.

The user has requested enhancement of the downloaded file.

https://www.researchgate.net/publication/364971335_Experimental_study_of_mechanical_properties_of_Sisalbanana_fiber_hybrid_sandwich_composite?enrichId=rgreq-bbd8d63ef9f299d58dd614c71791e987-XXX&enrichSource=Y292ZXJQYWdlOzM2NDk3MTMzNTtBUzoxMTQzMTI4MTEwMzE3NzIxN0AxNjY5NjMwMjQwMjIx&el=1_x_2&_esc=publicationCoverPdf
https://www.researchgate.net/publication/364971335_Experimental_study_of_mechanical_properties_of_Sisalbanana_fiber_hybrid_sandwich_composite?enrichId=rgreq-bbd8d63ef9f299d58dd614c71791e987-XXX&enrichSource=Y292ZXJQYWdlOzM2NDk3MTMzNTtBUzoxMTQzMTI4MTEwMzE3NzIxN0AxNjY5NjMwMjQwMjIx&el=1_x_3&_esc=publicationCoverPdf
https://www.researchgate.net/?enrichId=rgreq-bbd8d63ef9f299d58dd614c71791e987-XXX&enrichSource=Y292ZXJQYWdlOzM2NDk3MTMzNTtBUzoxMTQzMTI4MTEwMzE3NzIxN0AxNjY5NjMwMjQwMjIx&el=1_x_1&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Hasane-Shaik?enrichId=rgreq-bbd8d63ef9f299d58dd614c71791e987-XXX&enrichSource=Y292ZXJQYWdlOzM2NDk3MTMzNTtBUzoxMTQzMTI4MTEwMzE3NzIxN0AxNjY5NjMwMjQwMjIx&el=1_x_4&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Hasane-Shaik?enrichId=rgreq-bbd8d63ef9f299d58dd614c71791e987-XXX&enrichSource=Y292ZXJQYWdlOzM2NDk3MTMzNTtBUzoxMTQzMTI4MTEwMzE3NzIxN0AxNjY5NjMwMjQwMjIx&el=1_x_5&_esc=publicationCoverPdf
https://www.researchgate.net/institution/K_L_University?enrichId=rgreq-bbd8d63ef9f299d58dd614c71791e987-XXX&enrichSource=Y292ZXJQYWdlOzM2NDk3MTMzNTtBUzoxMTQzMTI4MTEwMzE3NzIxN0AxNjY5NjMwMjQwMjIx&el=1_x_6&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Hasane-Shaik?enrichId=rgreq-bbd8d63ef9f299d58dd614c71791e987-XXX&enrichSource=Y292ZXJQYWdlOzM2NDk3MTMzNTtBUzoxMTQzMTI4MTEwMzE3NzIxN0AxNjY5NjMwMjQwMjIx&el=1_x_7&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Hasane-Shaik?enrichId=rgreq-bbd8d63ef9f299d58dd614c71791e987-XXX&enrichSource=Y292ZXJQYWdlOzM2NDk3MTMzNTtBUzoxMTQzMTI4MTEwMzE3NzIxN0AxNjY5NjMwMjQwMjIx&el=1_x_10&_esc=publicationCoverPdf


Materials Today: Proceedings xxx (xxxx) xxx
Contents lists available at ScienceDirect

Materials Today: Proceedings

journal homepage: www.elsevier .com/locate /matpr
Experimental study of mechanical properties of Sisal/banana fiber hybrid
sandwich composite
https://doi.org/10.1016/j.matpr.2022.10.082
2214-7853/� 2022 Elsevier Ltd. All rights reserved.
Selection and peer-review under responsibility of the scientific committee of the International Conference on Advanced Materials and Modern Manufacturing.

⇑ Corresponding author.
E-mail address: devichithra272@gmail.com (R. Chithra Devi).

Please cite this article as: R. Chithra Devi, R. Girimurugan, S. Nanthakumar et al., Experimental study of mechanical properties of Sisal/banana fiber
sandwich composite, Materials Today: Proceedings, https://doi.org/10.1016/j.matpr.2022.10.082
R. Chithra Devi a,⇑, R. Girimurugan b, S. Nanthakumar c, P. Rajasekaran d, S.K. Hasane Ahammad e,
S. Joe Patrick Gnanaraj f

aDepartment of Physics, N.K.R.Government Arts College for Women, Namakkal, Tamil Nadu, India
bDepartment of Mechanical Engineering, Nandha College of Technology, Perundurai, Tamil Nadu, India
cDepartment of Mechanical Engineering, PSG Institute of Technology and Applied Research, Coimbatore, Tamilnadu, India
dDepartment of Mechanical Engineering, Er. Perumal Manimekalai Engineering College, Hosur, Tamilnadu, India
eDepartment of Electronics and Communication Engineering, Koneru Lakshmaiah Education Foundation, Andhra Pradesh, India
fDepartment of Mechanical Engineering, St. Mother Theresa Engineering College, Tamil Nadu, India

a r t i c l e i n f o
Article history:
Available online xxxx

Keywords:
Sisal Fiber
Banana Fiber
Sandwich composites
Water absorption
Mechanical characteristics
Energy absorption
a b s t r a c t

Composites are becoming increasingly popular as a result of their useful features, like higher strength-to-
weight ratio, higher modulus-to-weight ratio, resistance to corrosion and abrasive resistance. The pur-
pose of this study is to examine the impact of moisture absorption on the mechanical characteristics
of hybridized sandwich composite scaffolds made from epoxy resin, strengthened by woven fabrics of
banana (B) and Sisal (S) fibers, and a fundamental layer of polyethylene foam (F). The buildings in this
investigation were made using a hand layup approach. Samples of the composite are submerged in
room-temperature water for varying amounts of time to determine the fibers’ water absorption qualities.
Several sandwich composite constructions are made and compared to a composite made from 100% Sisal
fiber. According to the results, including foam into the Sisal/banana fibres increases their mechanical
qualities. However, the composites’ tensile, flexural, and impact strengths were diminished after pro-
longed exposure to water due to water permeating the fibre/matrix contact.
� 2022 Elsevier Ltd. All rights reserved.
Selection and peer-review under responsibility of the scientific committee of the International Confer-
ence on Advanced Materials and Modern Manufacturing.
1. Introduction

New composites use are constantly being developed as technol-
ogy advances. At the same time, researchers have been working to
enhance the composites’ mechanical and physical qualities. Syn-
thetic fibers can be combined with natural fibers or vice versa, or
numerous synthetic fibers can be used to create a hybrid[1]. Syn-
thetic fibers have been utilized in conjunction with natural fibers
to increase mechanical qualities in recent years. Because of its unu-
sual characteristics, research into FRP composites has been sub-
stantial. Eco-friendly, biodegradable, less cost, minimum density,
higher strength, easy accessibility, and dispensation are just a
few of the many benefits of natural fibers over synthetic fibers
[2]. Since the higher elongation fibers can support the weight with-
out causing the matrix to fail, the stress transfer is enhanced.
Sandwich-structured composites are a subset of composites made
by sandwiching a lightweight but stiff core between two thin and
stiff shells. Because of its increased thickness, the core material,
that is often a less strength material, contributes to the sandwich
composite’s higher bending stiffness and overall less density
[3,4]. The purpose of this study is to determine how a hybrid sand-
wich composite reacts to moisture and how that affects its
mechanical properties. There are examples of the hybrid composite
being used in engineering in place of fiber banana composites [5].
We use polyethylene foam for the mat’s support structure and a
composite of Sisal, banana fiber, and epoxy. Sandwich structures
made from bio-based materials and synthetic fibers were devel-
oped and compared in detail by [6]. Multiple textiles and polyethy-
lene foam were used to create sandwich composites using natural
and synthetic material components. The results demonstrate that
the facing compressive stress is highest in the banana/Sisal hybrid
sandwich structure, though the core shear stress, face bending
stress, and water absorption percentage are all highest in the bam-
hybrid
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Fig. 1. Shows the hybrid sandwich composite.
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boo/banana hybrid structure. [7] analyzed how stacking affected
the tensile, flexural, and interlaminar shear properties of a mate-
rial. Epoxy is used as the resin and both Sisal and banana fiber
are used as reinforcement in this paper’s novel hybrid composite,
that is constructed as a multilayer mat with no breaks in between
the layers [8,9]. Composites made from banana fibers benefit from
the L5 hybrid’s added 75 % strength. The L5 (Sisal-Banana-Banana-
Sisal) material has the highest tensile strength after banana fiber
composites. For flexural strength, S3 (Sisal-Banan-Sisal-Banana)
is second only to banana fiber composites. Based on the findings,
the L-5 (Sisal-Banan-Banana-Banana) stacking sequence is superior
to other stacking sequences due to its superior qualities. Water
struggle and impact capabilities of a hybridized sandwich compos-
ites made of sisal and banana were investigated by [10]. It demon-
strates that sandwich composites made from banana woven
composites and Sisal woven composites slow the pace at water
penetrates the materials [11,12]. On comparing the standard Sisal
woven composites, Sisal-banana woven composites have superior
bending and impact properties. Sisal composites’ water absorption
is much diminished once banana composites are used as an exte-
rior layer. Composites made from bamboo fibers and epoxy resin
were studied [13]. The slotting method was used to produce both
square and triangular honeycomb structures. The authors
described the flexural behavior of a hybrid sandwich panel
[14,15]. The researchers discovered that compared to a standard
sandwich panel, the panel with JFC transitional layer can handle
29.6 % more weight, and the Hybrid Fiber Coaxial intermediate
layer can handle 93.46 % more weight than standard sandwich
panel [16]. It was also determined that the hybrid sandwich panel
failed due to core shear and delamination. The sandwich architec-
tures of were discussed, that had both prismatic and foam cores
[17]. Here, we take a close look into Sisal and banana fiber rein-
forced hybrid sandwich composites of varying stacking sequences
and analyze their mechanical properties from tensile strength and
flexural strength to impact resistance[18 –20].

In this manuscript, the hybrid natural fiber composite is ana-
lyzed. The sandwich structure is studied for several load factors.
From this work, the mechanical characterization of sandwich nat-
ural fiber composite materials is taken as output.
2. Experimentation

Epoxy resin, polyethylene foam, Sisal and Banana fibers are
used in this project. The composite is prepared using a hand layup
methodology. Several mixtures, each with a unique stacking order,
are created. The composites get wet, we can see how they degrade
over time. After that, physical parameters like water absorption,
void fractions, and Inter laminar Shear Stress are determined by
subjecting the specimens to a battery of tests. At last, the graphs
and comparisons of these numbers are shown.
Table 1
Fibers arranged in a stacking pattern.

Composites Loading setup

Specimen1 (S1) B-B-B-B-B-B
Specimen2 (S2) S-B-B-F-B-S
Specimen3 (S3) B-S-B-F-B-S-B
2.1. Sandwich structured composites

The trend towards using this is rising significantly. Sandwich
composites are strong and durable despite their low weight
because of the high mechanical characteristics of the sandwich lay-
ers [21]. Fig. 1 shows the hybrid Sandwich composites. There is a
difference between the inner core and the top and bottom face
sheets of this sandwich composite construction. Different specifi-
cations call for different densities, wall thicknesses, and levels of
solidity in the core. Both the thickness and the material of the face
sheets in a sandwich structure are typically constant [22]. These
outer sheets help the sandwich structure withstand bending
forces. In many cases, the top and bottom face sheets of an appli-
cation are made from different materials and/or are of different
2

thicknesses. It comes to main loads and bending stresses, the face
sheet material in foam and honeycomb form of composite holds its
own, though the core holds its own against transfer loads. The
sandwich composite constructions of truss as well as web core
types, the core provides some resistance to bending stresses
[23,24].
2.2. Material selection

Polyethylene foam is employed alongside a reinforcing matrix
[25]. Sisal and banana fiber are two examples of the reinforce-
ments employed. Epoxy resin and the catalyst needed to solidify
it serve as the matrix. If we compare the production, consumption,
and availability of natural fibers, we find that sisal is second only to
cotton in importance. In most cases, the fiber’s diameter will be
around 20 mm. Despite synthetic fibers increasingly taking Sisal’s
place, the biodegradability of Sisal still has several applications
someplace it is preferable to non-biodegradable synthetic fibers.
Banana fiber has several applications and is widely utilized. Armor
for the flight deck, as well as seats and floors for helicopters, are
common uses for E-banana fiber. E-banana composites, in addition
to their outstanding mechanical performance, are non-conduction
and have less radar thermal outlines, allowing the armed to see
without being seen. Specifically, it’s a matrix substance in the face
sheets. For the fibers, this adds tensile strength in every direction.
On using epoxy adhesive, cross-link F is very resilient and sturdy. F
is commonly used for cushioning fragile items and insulating items
from high temperatures.
2.3. Fiber arrangement

Epoxy resin functions as a matrix. Seven layers make up the
hybridized fiber sandwich composites structures, and they are
arranged as follows: [S/B/B/F] and [B/S/B/F] As illustrated in Table 1,
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a core mat consists of three layers: a Sisal layer, a Banana layer, and
a Sisal layer again. Polyethylene foam forms the basis of the mat.
2.4. Fabrication of sandwich composites

A hardened steel square mold is used in the preparation of the
composite structures. The mold’s square inches are 365. The build-
ing’s dimensions can be adjusted as necessary. The hand lay-up
technique is preferred for preparing the sandwich composite struc-
ture because it allows for greater freedom in the choice of materi-
als and results in a relatively high quality surface finish. The
procedure is easy to implement and does not call for complex or
costly machinery. Sandwiches are made by layering woven S and
B fiber with F and epoxy glue.
3. Testing of mechanical properties

3.1. Tensile test

In this analysis, ASTM D 3039 is used to comportment a tensile
test on flat specimens [24,25]. Composite specimens are to mea-
sure 250 mm in length, 25 mm in width, and 3 mm in thickness,
as specified by the ASTM standard. Universal Testing Machine
depicted in Fig. 2. We get data from a tensile test run on a comput-
erized Universal Testing Machine (UTM) at 10 mm/min. Three of
each type of composite were examined, and the average of the
results was recorded as a characteristic of that composite[26–29].
3.2. Flexural test

Using an Instron 1195 UTM and following the protocol laid out
in ASTM D 790, a flexural test was conducted on rectangular sam-
ple of composite components[30]. Per the ASTM standard, the
composite specimen’s longitudinal dimensions are 125 mmx13
mm � 3 mm. The 25 kN load cell was used in the test, with a load-
ing speed of 10 mm/min. Every type of composite had three repli-
cates examined, and the average of those results was recorded as
the composite’s characteristic.
3.3. Impact test

Impact test was performed on rectangular flat sample. Speci-
men has longitudinal measurements of 100 mm x10mm x3mm.
The impact test used in this study was a Charpy impact test using
a pendulum hammer, with energy loss and cross sectional area
measured and correlated [31].. The average of the results from
three independent tests performed on each type of composite is
presented here.
Fig. 2. Universal Testing Machine.
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3.4. Water absorption

The sum of water absorbed by the composites is determined
with an absorption test. The ASTM D 570 standard governs the
preparation of test specimens for water absorption[32]. This sam-
ple is 30 mm � 30 mm � 3 mm in size. Six distinct laminates will
have their test specimens put through their paces in a water tank
[33–40]. Weighing and testing specimens requires first ensuring
that they are uniformly dry. The sample are removed from the
plastic tub, dried off by gently blotting off any residual water,
and weighed every 24 h [41–48]. All three specimens show signs
of water absorption. The difference in mass between the dry and
wet samples is then utilized to derive the moisture content of
the sample [49–56]. The percentage of water absorbed by the com-
posite specimen was calculated using the formula below. Compos-
ite specimens’ water absorption ages are recorded at 0, 8, 24, 40,
56, 72, 88, and 104 days.

Water absorption ¼ W1 �W2ð Þ=W2½ �x100 ð1Þ
however.
W1 ¼ Weightage of the dry specimen.
W2 = Weightage of the wet specimen.

4. Results and discussions

4.1. Analysis of tensile test

UTS is determined by the unique qualities of individual fiber,
both artificial and natural. Sisal and banana fiber reinforced hybrid
sandwich composites of varied weight-percentages have their ulti-
mate tensile strength investigated [57–64]. Sisal-banana fiber
epoxy sandwich composites with varying tensile strengths as a
function of sample stacking sequence is depicted in Fig. 3. The ini-
tial tensile strength of the composite is lower once it is wet com-
pared to after it is dry, as shown by the data [65–72].
Degradation of the composite happens not only due to the break-
down [73–81] of its separate components but also due to the inter-
action loss between them. In Table 2, we see the wet and dry UTS
values of the composite specimen S1, S2, and S3.

4.2. Analysis of flexural test

The three-point bend test is used to determine the flexural
strength of hybrid sandwich composites in both dry as well as
wet situations [82–90]. See Fig. 4 for an illustration of how the flex-
ural strength of Sisal-banana fiber-reinforced epoxy sandwich
Fig. 3. Tensile Strength under Dry and Wet Conditions.



Table 2
Composite sample’s Ultimate Tensile Strength.

Days Ultimate Tensile Strength, MPa

S1 S2 S3

0 53.742 88 69.4
8 48.93 86.423 68.2
24 46.403 84.9 66.75
40 45.6 83.02 64.905
56 43.99 82.4 63.42
72 43.75 81:63 62:54
88 43:304 81:13 62:104
104 42:909 79:76 61:85
percentage reduction 18:32% 9:12% 12:36%

Fig. 4. Flexural Strength under Dry and Wet conditions.
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Fig. 5. Energy Absorption through Dry and Wet Conditions.
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composites varies according on the order in with the samples are
stacked. Data shows that compared to S1 and S3 composites, S2
has higher flexural strength [91–96]. Banana fiber in the compos-
ite’s upper layer, along with the foam, allows it to tolerate greater
flexural loads.

On equating the hybrid sandwich composite made of Sisal and
banana fiber, the mechanical qualities of pure Sisal degrade more
quickly and to a greater extent. With longer periods of immersion,
the flexural stress is seen to diminish. The flexural test relies heav-
ily on the core-mat. A hybrid sandwich composite is used in to
boosts both the flexural strength and stiffness (See Table 3).
4.3. Impact test analysis

Employing the Charpy test, we can determine the amount of
energy absorption by sandwich composites in both dry and wet sit-
uations. Fig. 5 displays the variance in energy absorbed for differ-
Table 3
Composite samples’ s Flexural strength.

Days S1 S2 S3

0 71.53 123 116
8 71.85 111 103
24 65.23 108 100
40 63.28 109 98
56 62.42 106 96
72 61.3 105 95
88 60.2 104 93
104 59.7 102 91
Percentage reduction 23.07 % 18.35 % 22.16 %

4

ent arrangement of Sisal-banana fiber-strengthened epoxy
sandwich composites. According to the analysis of the data col-
lected, the S2 composite outperforms the S1 and S3 variants in
terms of energy absorption. Banana fiber contributes to the com-
posite’s increased resistance to the effects of Energy degradation.
On comparing to a hybrid sandwich composite made of Sisal and
banana fiber, the mechanical characteristics of pure Sisal far more
quickly and significantly.

4.4. Analysis on water absorption test

The purpose of the water absorption is to determine how much
water is taken in by the composite specimen. Table 4 displays the
percentage rise in water absorption recorded at various times after
exposure to the composite specimens (0, 8, 24, 40, 56, 72, 88, and
104 days).

The first 30 days have a much higher absorption rate than the
rest of the time combined. Sisal fibers and the core-mat contribute
greatly to the hybrid sandwich composite’s high-water absorption
rate in this study. Epoxy matrices absorb almost no moisture. As
can be seen in Fig. 6, the pure Sisal fabric sample S1 has the highest
water absorption rate, but the sandwich composite specimen S2
with banana fiber as the outer layer has the lowest. Fig. 6 is a com-
parison of how much water various laminates absorb.

5. Conclusions

Hybridized sandwich composites based on epoxy and rein-
forced with Sisal and Banana fiber were made utilizing a straight-
forward hand-lay approach. In this study, mechanical
characteristics of epoxy hybridized sandwich composites strength-
ened by Sisal-Banana fiber were characterized through experimen-
tal analysis. The many properties of composites have been
determined through testing.

� After being submerged in water for 90 days, the hybrid sand-
wich composite absorbs a maximum of 6.05 % moisture. The
hybrid sandwich composite’s core-mat and moisture absorption
% are lower than those of composites made from Sisal fibers,
with this article deals. Due to their hydrophilic composition,
sisal fibers readily absorb moisture.

� Mechanical qualities were nearly improved to a greater level by
incorporating natural, artificial fibers and foam into the poly-
meric composites. As a result, more products are being made
from natural fibers.



Table 4
Results on Water absorption test.

Absorption content (wt %) Immersion Duration in days

0 8 24 40 56 72 88 104

S1 0 4.12 5.33 6.134 6.81 7.32 7.923 8.32
S2 0 1.14 1.81 2.352 2.946 3.41 3.68 3.75
S3 0 2.61 3.85 4.98 5.31 5.62 5.81 6.05
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Fig. 6. Water Absorption (Wt %) vs Immersion Time (Days).
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� The hybrid sandwich composites experienced a decline in
mechanical characteristics under tensile, bending, and impact
loading on exposing to water,.

� According to experiments, tensile qualities suffer greatly after
being exposed to water. Tensile strength values decline by
18.32 %, 9.12 %, and 12.36 %, respectively, for composites of
the S1, S2, and S3 structures on exposed to moisture.

� In S2 composite, once foam is present, flexural strength is high-
est. The Flexural strength values of S1, S2, and S3 structural
composites decrease by 23.07 %, 18.35 %, and 22.16 %, respec-
tively, after being exposed to water.

� According to experiments, impact characteristics suffer greatly
once the material absorbs water. Energy absorption values drop
by 20.29 %, 10.94 %, and 16.07 %, respectively, for the first, sec-
ond, and third structure composites after they absorb water.

� Due to water absorption, the strength of the composites
decreased with increased immersion times. However, the cellu-
lose structure began to break down with time, leading to an
increase in the failure strain. There is potential for use of these
composites in aeronautical and automotive settings.
CRediT authorship contribution statement

R. Chithra Devi: Conceptualization, Writing – original draft. R.
Girimurugan: Project administration. S. Nanthakumar: Investiga-
tion. P. Rajasekaran: Resources. S.K. Hasane Ahammad: Valida-
tion. S.J.P. Gnanaraj: Supervision.
Data availability

Data will be made available on request.
5

Declaration of Competing Interest

The authors declare that they have no known competing finan-
cial interests or personal relationships that could have appeared
to influence the work reported in this paper.
References

[1] A. Kuppuraj, M. Angamuthu, Investigation of mechanical properties and free
vibration behavior of graphene/basalt nano filler banana/sisal hybrid
composite, Polym. Polym. Compos. 30 (2022), https://doi.org/10.1177/
09673911211066719.

[2] S. Sarangi, B.K. Singh, Influence of natural fiber in the mechanical and
durability behaviour of hybrid fiber-reinforced concrete, J. Nat. Fibers (2022),
https://doi.org/10.1080/15440478.2022.2069196.

[3] G. Ramanan, R.D. Akshatha, A.U. Manvi, B.A. Suhas, D.K. Pruthvi, Investigation
of bio degradable natural fibers reinforced hybrid composites for aircraft
structures, Mater. Today Proc. 52 (2022) 1211–1215, https://doi.org/10.1016/
j.matpr.2021.11.039.

[4] N. Kumari, M. Paswan, K. Prasad, Effect of sawdust addition on the mechanical
and water absorption properties of banana-sisal/epoxy natural fiber
composites, Mater. Today Proc. 49 (2021) 1719–1722, https://doi.org/
10.1016/j.matpr.2021.07.489.

[5] N. M. Thanki, A. Henderson, J. Fehrenbach, C. Ulven, and A. Amiri, ‘‘Analyzing
the mechanical properties of thermoplastic reinforced with natural fibers,” in
36th Technical Conference of the American Society for Composites 2021:
Composites Ingenuity Taking on Challenges in Environment-Energy-Economy,
ASC 2021, 2021, vol. 3, pp. 2154–2162.

[6] S. Sarangi, B.K. Singh, Influence of Textile Fiber in the Mechanical Characteristic
of Hybrid Fiber Reinforced Concrete, J. Nat. Fibers (2021), https://doi.org/
10.1080/15440478.2021.2002754.

[7] S.K. Singh, M.K. Sagar, R.K. Upadhyay, Mechanical characterization of plant
fortified fiber polymer composites, Mater. Today Proc. 46 (2021) 11217–
11221, https://doi.org/10.1016/j.matpr.2021.02.507.

[8] S. Southamirajan, K. Anbarasi, S. Elango, Dhivyaprakash, and B. Bharath, ‘‘An
assessment of flexural improvement of light weight concrete via hybrid fibres
along with sisal fibres in addition to banana fibres,” in Materials Research
Proceedings, 2021, vol. 19, pp. 77–85. doi: 10.21741/9781644901618-10.

[9] R.G. Chandrasekaran, G. Ramakrishna, Experimental investigation on
mechanical properties of economical local natural fibre reinforced cement
mortar, Mater. Today Proc. 46 (2021) 7633–7638, https://doi.org/10.1016/
j.matpr.2021.01.908.

[10] K.P. Prashanth, S. Sanman, G.N. Lokesh, ‘‘A study on tensile and tear properties
for chitosan blended with and without natural fiber films”, Lecture Notes
Mech. Eng. (2021) 61–73, https://doi.org/10.1007/978-981-16-2086-7_5.

[11] K.B. Bhaskar, V. Santhanam, A. Devaraju, Dielectric strength analysis of acacia
nilotica with chemically treated sisal fiber reinforced polyester composite, Dig.
J. Nanomater. Biostruct. 15 (1) (2020) 107–113.

[12] A. Suresh, L. Jayakumar, A. Devaraju, Investigation of mechanical and wear
characteristic of Banana/Jute fiber composite, Mater. Today Proc. 39 (2021)
324–330.

[13] G.K.M. Subramanian, M. Balasubramanian, A.A. Jeya Kumar, A review on the
mechanical properties of natural fiber reinforced compressed earth blocks, J.
Nat. Fibers (2021), https://doi.org/10.1080/15440478.2021.1958405.

[14] U.S. Gupta et al., Investigation on effects of fiber loading of mechanical
properties of banana/sisal hybrid composite, Mater. Today Proc. 45 (2021)
7829–7837, https://doi.org/10.1016/j.matpr.2020.12.213.

[15] K.R. Sumesh, K. Kanthavel, Effect of TiO2 nano-filler in mechanical and free
vibration damping behavior of hybrid natural fiber composites, J. Brazilian Soc.
Mech. Sci. Eng. 42 (4) (2020) pp, https://doi.org/10.1007/s40430-020-02308-3.

[16] E. Palanisamy, M. Ramasamy, Dependency of Sisal and banana fiber on
mechanical and durability properties of polypropylene hybrid fiber reinforced
concrete, J. Nat. Fibers (2020), https://doi.org/10.1080/
15440478.2020.1840477.

[17] A. A. M. Moshi, S. Madasamy, S. R. S. Bharathi, P. Periyanayaganathan, and A.
Prabaharan, ‘‘Investigation on the mechanical properties of sisal - Banana
hybridized natural fiber composites with distinct weight fractions,” in AIP
Conference Proceedings, 2019, vol. 2128. doi: 10.1063/1.5117941.

[18] P.V. Badyankal, T.S. Manjunatha, G.B. Vaggar, K.C. Praveen, Compression and
water absorption behaviour of banana and sisal hybrid fiber polymer

https://doi.org/10.1177/09673911211066719
https://doi.org/10.1177/09673911211066719
https://doi.org/10.1080/15440478.2022.2069196
https://doi.org/10.1016/j.matpr.2021.11.039
https://doi.org/10.1016/j.matpr.2021.11.039
https://doi.org/10.1016/j.matpr.2021.07.489
https://doi.org/10.1016/j.matpr.2021.07.489
https://doi.org/10.1080/15440478.2021.2002754
https://doi.org/10.1080/15440478.2021.2002754
https://doi.org/10.1016/j.matpr.2021.02.507
https://doi.org/10.1016/j.matpr.2021.01.908
https://doi.org/10.1016/j.matpr.2021.01.908
https://doi.org/10.1007/978-981-16-2086-7_5
http://refhub.elsevier.com/S2214-7853(22)06575-0/h0055
http://refhub.elsevier.com/S2214-7853(22)06575-0/h0055
http://refhub.elsevier.com/S2214-7853(22)06575-0/h0055
http://refhub.elsevier.com/S2214-7853(22)06575-0/h0060
http://refhub.elsevier.com/S2214-7853(22)06575-0/h0060
http://refhub.elsevier.com/S2214-7853(22)06575-0/h0060
https://doi.org/10.1080/15440478.2021.1958405
https://doi.org/10.1016/j.matpr.2020.12.213
https://doi.org/10.1007/s40430-020-02308-3
https://doi.org/10.1080/15440478.2020.1840477
https://doi.org/10.1080/15440478.2020.1840477


R. Chithra Devi, R. Girimurugan, S. Nanthakumar et al. Materials Today: Proceedings xxx (xxxx) xxx
composites, Mater. Today Proc. 35 (2019) 383–386, https://doi.org/10.1016/
j.matpr.2020.02.695.

[19] A.A. Ansari, S.K. Dhakad, P. Agarwal, Investigation of mechanical properties of
sisal fibre and human hair reinforced with epoxy resin hybrid polymer
composite, Mater. Today Proc. 26 (2019) 2400–2404, https://doi.org/10.1016/
j.matpr.2020.02.513.

[20] J.J.J. Samuel, R. Ramadoss, K.N. Gunasekaran, K. Logesh, S.J.P. Gnanaraj, A.A.
Munaf, Studies on mechanical properties and characterization of carbon fiber
reinforced hybrid composite for aero space application, Materials Today:
Proceedings 47 (2021) 4438–4443.

[21] Joe Patrick Gnanaraj, S., & Ramachandran, S. (2021). Identification of
operational parameter levels that optimize the production in solar stills with
plain, corrugated, and compartmental basin. Environmental Science and
Pollution Research, 1-21.

[22] K. Senthil Kumar, I. Siva, P. Jeyaraj, J.T. Winowlin Jappes, S.C. Amico, N. Rajini,
Synergy of fiber length and content on free vibration and damping behavior of
natural fiber reinforced polyester composite beams, Mater. Des. 56 (2014)
379–386, https://doi.org/10.1016/j.matdes.2013.11.039.

[23] S. Vigneshkumar and T. Rajasekaran, ‘‘Experimental analysis on tribological
behavior of fiber reinforced composites,” in IOP Conference Series: Materials
Science and Engineering, 2018, vol. 402, no. 1. doi: 10.1088/1757-899X/402/1/
012198.

[24] R. Gopakumar, R. Rajesh, Development and characterisation of eco-friendly
40% v/v hybrid Banana/Sisal fibers-natural rubber latex composite, J. Eng. Appl.
Sci. 13 (10) (2018) 3505–3510, https://doi.org/10.3923/jeasci.2018.3505.3510.

[25] M. Idicula, S.K. Malhotra, K. Joseph, S. Thomas, Effect of layering pattern on
dynamic mechanical properties of randomly oriented short banana/sisal
hybrid fiber-reinforced polyester composites, J. Appl. Polym. Sci. 97 (5)
(2005) 2168–2174, https://doi.org/10.1002/app.21980.

[26] V. Arumuga Prabu, V. Manikandan, M. Uthayakumar, S. Kalirasu, Investigations
on the mechanical properties of red mud filled sisal and banana fiber
reinforced polyester composites, Mater. Phys. Mech. 15 (2) (2012) 173–179.

[27] M.M. Prabhakar, S.J.P. Gnanaraj, H.L. Allasi, I.J. Leno, S. Endro, S.R. Kanna,
Mechanical property analysis on bamboo-glass fiber reinforced
montmorillonite nano composite, Materials Today: Proceedings 45 (2021)
6936–6940.

[28] J.R. Kumar, P.S. Gopala Krishnan, S.K. Sharma, Studies on natural fiber
reinforced isotactic polypropylene-ethylene-octene copolymer blend
composites, J. Thermoplast. Compos. Mater. 25 (7) (2012) 865–878, https://
doi.org/10.1177/0892705711414096.

[29] N. Venkateshwaran, A. ElayaPerumal, A. Alavudeen, M. Thiruchitrambalam,
Mechanical and water absorption behaviour of banana/sisal reinforced hybrid
composites, Mater. Des. 32 (7) (2011) 4017–4021, https://doi.org/10.1016/
j.matdes.2011.03.002.

[30] J. B. Naik and S. Mishra, ‘‘Esterification effect of maleic anhydride on swelling
and mechanical properties of natural fiber/polystyrene composites,” 2011.

[31] J. B. Naik, ‘‘Esterification effect on mechanical and swelling properties of
natural fiber/polystyrene composites,” 2007.

[32] K.M.M. Rao, K.M. Rao, Extraction and tensile properties of natural fibers:
Vakka, date and bamboo, Compos. Struct. 77 (3) (2007) 288–295, https://doi.
org/10.1016/j.compstruct.2005.07.023.

[33] C. Subharaj, I.J. Leno, S. Vivek, S.J.P. Gnanaraj, M. Appadurai, Sustainable
manufacturing system applying on eco-design products, Materials Today:
Proceedings (2022).

[34] J.R. Kumar, K. Mayandi, S.J.P. Gnanaraj, K. Chandrasekar, P.S. Ramalingam, A
Critical Review of an Additive Manufacturing Role in Covid-19 Epidemic,
Materials Today: Proceedings (2022).

[35] C. Subharaj, M. Logesh, A.A. Munaf, J. Srinivas, S.J.P. Gnanaraj, Sustainable
approach on cement mortar incorporating silica fume, LLDPE and sisal fiber,
Materials Today: Proceedings (2022).

[36] S.T. Selvan, M. Mohandass, P.S. Ramalingam, K. Mayandi, S.J.P. Gnanaraj, M.
Appadurai, An exclusive hand protection device made of fused deposition
modelling process using poly (lactic acid) polymer, Materials Today:
Proceedings (2022).

[37] C.K. Sivakumar, Y. Robinson, P. Prema, S.J.P. Gnanaraj, M. Appadurai,
Mechanical characteristics of aluminium alloy joints produced by friction
stir welding, Materials Today: Proceedings (2022).

[38] M.M. Kumar, S. Rajesh, M. Appadurai, S.J.P. Gnanaraj, Performance
enhancement of solar distillation system with internal modification, Mater.
Today: Proc. (2022).

[39] Pushparaj, T. L., Rani, E. F. I., Raj, E. F. I., & Appadurai, M. Machine-based drug
design to inhibit SARS-CoV-2 virus.

[40] S. Darwin, E.F.I. Rani, E.F.I. Raj, M. Appadurai, M. Balaji, April). Performance
Analysis of Carbon Nanotube Transistors-A Review, in: 2022 6th International
Conference on Trends in Electronics and Informatics (ICOEI), IEEE, 2022, pp. 25–
31.

[41] E. Fantin Irudaya Raj, M. Appadurai, Internet of Things-Based Smart
Transportation System for Smart Cities, in: Intelligent Systems for Social Good,
Springer, Singapore, 2022, pp. 39–50.

[42] I. Jenish, A.F. Sahayaraj, M. Appadurai, Irudaya Raj, P. Suresh, Sea Sand
Abrasive Wear of Red Mud Micro Particle Reinforced Cissus quadrangularis
Stem fiber/epoxy Composite, Journal of Natural Fibers (2022) 1–16.

[43] T.L. Pushparaj, E. Raj, E. Rani, S. Darwin, M. Appadurai, Employing Novel Si-
Over-Si Technology to Optimize PV Effect in Solar Array, Silicon (2022) 1–13.

[44] E.F.I. Raj, M. Appadurai, S. Darwin, E.F.I. Rani, Internet of Things (IoT) for
Sustainable Smart Cities, in: Internet of Things, CRC Press, 2022, pp. 163–188.
6

[45] E. F. I. Rani, T. L. Pushparaj, E. F. I. Raj, M. Appadurai, New Approaches in
Machine-based Image Analysis for Medical Oncology, Machine Learning and
Deep Learning Techniques for Medical Science, CRC Press, pp. 333–359.

[46] E. Raj, M. Appadurai, K. Athiappan, Precision Farming in Modern Agriculture,
Smart Agriculture Automation Using Advanced Technologies, Springer,
Singapore, 2021, pp. 61–87.

[47] A. Mangalaraj, V. Vellaipandian, Performance analysis of modified solar still
with forced water circulation, Thermal Science (22(6 Part B),) (2018) 2955–
2964.

[48] Jenish, I., Sahayaraj, A. F., Suresh, V., Appadurai, M., Irudaya Raj, E. F., Nasif, O.,
... & Kumaravel, A. K. (2022). Analysis of the Hybrid of Mudar/Snake Grass
Fiber-Reinforced Epoxy with Nano-Silica Filler Composite for Structural
Application. Advances in Materials Science and Engineering, 2022.

[49] Jenish, I., Felix Sahayaraj, A., Appadurai, M., Fantin Irudaya Raj, E., Suresh, P.,
Raja, T., ... & Manikandan, V. (2021). Fabrication and Experimental Analysis of
Treated Snake Grass Fiber Reinforced with Polyester Composite. Advances in
Materials Science and Engineering, 2021.

[50] I. Jenish, M. Appadurai, E. Fantin Irudaya Raj, CFD Analysis of modified rushton
turbine impeller, Int. J. Sci. Manag. Stud.(IJSMS) 4 (2021) 8–13.

[51] E. Fantin Irudaya Raj, M. Appadurai, Static 2D-Finite Element Analysis of
Eccentricity Fault in Induction Motor, in: Smart Technologies for Energy,
Environment and Sustainable Development, 1, Springer, Singapore, 2022, pp.
409–422.

[52] Fantin Irudaya Raj, E., & Appadurai, M. (2021). The Hybrid Electric Vehicle
(HEV)—An Overview. Emerging Solutions for e-Mobility and Smart Grids, 25-
36.

[53] E. Fantin Irudaya Raj, M. Appadurai, Minimization of Torque Ripple and
Incremental of Power Factor in Switched Reluctance Motor Drive, in: Recent
Trends in Communication and Intelligent Systems, Springer, Singapore, 2021,
pp. 125–133.

[54] M. Appadurai, E. Raj, I. Jenish, Application of Aluminium Oxide–Water
Nanofluids to Augment the Performance of Shallow Pond: a Numerical
Study, Process Integration and Optimization for Sustainability (2021) 1–12.

[55] M. Appadurai, E.F.I. Raj, K. Venkadeshwaran, Finite element design and
thermal analysis of an induction motor used for a hydraulic pumping system,
Materials Today: Proceedings 45 (2021) 7100–7106.

[56] M. Appadurai, A.B. Prasath, M.C. Thanu, S. Richard, Determination of dual
phase forced convective heat transfer of nano fluids by means of CFD, Int. J.
Appl. Eng. Res 10 (12) (2015) 32627–32635.

[57] M. Appadurai, E. Fantin Irudaya Raj, T. LurthuPushparaj, Sisal fiber-reinforced
polymer composite-based small horizontal axis wind turbine suited for urban
applications—a numerical study, Emergent Materials (2022) 1–14.

[58] M. Appadurai, E.F.I. Raj, February). Finite element analysis of composite wind
turbine blades, IEEE, 2021, pp. 585–589.

[59] M. Appadurai, E. Raj, Epoxy/silicon carbide (sic) nanocomposites based small
scale wind turbines for urban applications, International Journal of Energy and
Environmental Engineering (2021) 1–16.

[60] M. Appadurai, E. Fantin Irudaya Raj, Finite Element Analysis of Lightweight
Robot Fingers Actuated by Pneumatic Pressure, in: Recent Advances in
Manufacturing, Automation, Design and Energy Technologies, Springer,
Singapore, 2022, pp. 379–385.

[61] R.S. Hansen, M.B.Q. Mary, S.S. Subramanian, J.A. Raj, S.J.P. Gnanaraj, M.
Appadurai, Utilization of PCM in inclined and single basin solar stills to
improve the daily productivity, Materials Today: Proceedings (2022).

[62] S. Kolappan, I.N. Manickam, K.R.J. Swikker, S.J.P. Gnanaraj, M. Appadurai,
Performance analysis of aircraft composite winglet, Materials Today:
Proceedings (2022).

[63] R.N.A. Munaf, K. Karthikeyan, S.J.P. Gnanaraj, T.A. Sivakumar, N.
Muthukumaran, April). An ML Approach for Household Power Consumption.
In 2022 International Conference on Sustainable Computing and Data
Communication Systems (ICSCDS), IEEE, 2022, pp. 784–791.

[64] S.J.P. Gnanaraj, V. Velmurugan, Experimental investigation on the performance
of modified single basin double slope solar stills, International Journal of
Ambient Energy 43 (1) (2022) 206–215.

[65] S.J.P. Gnanaraj, S. Ramachandran, G. Mageshwaran, Experimental analysis of
single basin solar still with internal reflector and sensible heat storage
medium, International Journal of ChemTech Research 9 (8) (2016) 328–337.

[66] S.J.P. Gnanaraj, S. Ramachandran, Optimization on performance of single-slope
solar still linked solar pond via Taguchi method, Desalination and Water
Treatment 80 (2017) 27–40.

[67] S.J.P. Gnanaraj, S. Ramachandran, D.S. Christopher, Enhancing the design to
optimize the performance of double basin solar still, Desalination 411 (2017)
112–123.

[68] A.R. Nirmala, R.K.A. Bhalaji, S.B. Kumar, S.J.P. Gnanaraj, M. Appadurai, Study on
the Effect of COVID-19 Pandemic on the Savings and Investment Pattern of the
Manufacturing Sector, Materials Today: Proceedings (2022).

[69] S. Gnanaraj, J. Patrick, M.G.L. Annaamalai, Enhancing solar still productivity by
optimizing operational parameters., DESALINATION AND WATER TREATMENT
254 (2022) 1–14.

[70] S.J.P. Gnanaraj, S. Ramachandran, K. Logesh, Optimization of production in
single basin solar still using Taguchi method-Experimental and theoretical
approach, Materials Today: Proceedings 47 (2021) 4468–4474.

[71] S.B. Jeshurun, J.A. Thangam, S.J.P. Gnanaraj, A.G. Klington, An empirical study
on career gratification among college bibliognosts, Materials Today:
Proceedings (2021).

https://doi.org/10.1016/j.matpr.2020.02.695
https://doi.org/10.1016/j.matpr.2020.02.695
https://doi.org/10.1016/j.matpr.2020.02.513
https://doi.org/10.1016/j.matpr.2020.02.513
http://refhub.elsevier.com/S2214-7853(22)06575-0/h0100
http://refhub.elsevier.com/S2214-7853(22)06575-0/h0100
http://refhub.elsevier.com/S2214-7853(22)06575-0/h0100
http://refhub.elsevier.com/S2214-7853(22)06575-0/h0100
https://doi.org/10.1016/j.matdes.2013.11.039
https://doi.org/10.3923/jeasci.2018.3505.3510
https://doi.org/10.1002/app.21980
http://refhub.elsevier.com/S2214-7853(22)06575-0/h0130
http://refhub.elsevier.com/S2214-7853(22)06575-0/h0130
http://refhub.elsevier.com/S2214-7853(22)06575-0/h0130
http://refhub.elsevier.com/S2214-7853(22)06575-0/h0135
http://refhub.elsevier.com/S2214-7853(22)06575-0/h0135
http://refhub.elsevier.com/S2214-7853(22)06575-0/h0135
http://refhub.elsevier.com/S2214-7853(22)06575-0/h0135
https://doi.org/10.1177/0892705711414096
https://doi.org/10.1177/0892705711414096
https://doi.org/10.1016/j.matdes.2011.03.002
https://doi.org/10.1016/j.matdes.2011.03.002
https://doi.org/10.1016/j.compstruct.2005.07.023
https://doi.org/10.1016/j.compstruct.2005.07.023
http://refhub.elsevier.com/S2214-7853(22)06575-0/optQtQty4DjV7
http://refhub.elsevier.com/S2214-7853(22)06575-0/optQtQty4DjV7
http://refhub.elsevier.com/S2214-7853(22)06575-0/optQtQty4DjV7
http://refhub.elsevier.com/S2214-7853(22)06575-0/optxHJa9rNSrv
http://refhub.elsevier.com/S2214-7853(22)06575-0/optxHJa9rNSrv
http://refhub.elsevier.com/S2214-7853(22)06575-0/optxHJa9rNSrv
http://refhub.elsevier.com/S2214-7853(22)06575-0/optj5H0LgUdU5
http://refhub.elsevier.com/S2214-7853(22)06575-0/optj5H0LgUdU5
http://refhub.elsevier.com/S2214-7853(22)06575-0/optj5H0LgUdU5
http://refhub.elsevier.com/S2214-7853(22)06575-0/optmAuHq8CeOH
http://refhub.elsevier.com/S2214-7853(22)06575-0/optmAuHq8CeOH
http://refhub.elsevier.com/S2214-7853(22)06575-0/optmAuHq8CeOH
http://refhub.elsevier.com/S2214-7853(22)06575-0/optmAuHq8CeOH
http://refhub.elsevier.com/S2214-7853(22)06575-0/optfFwYIVPtBv
http://refhub.elsevier.com/S2214-7853(22)06575-0/optfFwYIVPtBv
http://refhub.elsevier.com/S2214-7853(22)06575-0/optfFwYIVPtBv
http://refhub.elsevier.com/S2214-7853(22)06575-0/optgZ2FdzRwNR
http://refhub.elsevier.com/S2214-7853(22)06575-0/optgZ2FdzRwNR
http://refhub.elsevier.com/S2214-7853(22)06575-0/optgZ2FdzRwNR
http://refhub.elsevier.com/S2214-7853(22)06575-0/optARzHIO3gqN
http://refhub.elsevier.com/S2214-7853(22)06575-0/optARzHIO3gqN
http://refhub.elsevier.com/S2214-7853(22)06575-0/optARzHIO3gqN
http://refhub.elsevier.com/S2214-7853(22)06575-0/optARzHIO3gqN
http://refhub.elsevier.com/S2214-7853(22)06575-0/optARzHIO3gqN
http://refhub.elsevier.com/S2214-7853(22)06575-0/optZbDX0lnMIR
http://refhub.elsevier.com/S2214-7853(22)06575-0/optZbDX0lnMIR
http://refhub.elsevier.com/S2214-7853(22)06575-0/optZbDX0lnMIR
http://refhub.elsevier.com/S2214-7853(22)06575-0/optZbDX0lnMIR
http://refhub.elsevier.com/S2214-7853(22)06575-0/opt2NmBRxBFUn
http://refhub.elsevier.com/S2214-7853(22)06575-0/opt2NmBRxBFUn
http://refhub.elsevier.com/S2214-7853(22)06575-0/opt2NmBRxBFUn
http://refhub.elsevier.com/S2214-7853(22)06575-0/opt3bE63Fnep0
http://refhub.elsevier.com/S2214-7853(22)06575-0/opt3bE63Fnep0
http://refhub.elsevier.com/S2214-7853(22)06575-0/opt2I5LZFrkDU
http://refhub.elsevier.com/S2214-7853(22)06575-0/opt2I5LZFrkDU
http://refhub.elsevier.com/S2214-7853(22)06575-0/opt2I5LZFrkDU
http://refhub.elsevier.com/S2214-7853(22)06575-0/optR0IOlbsGXJ
http://refhub.elsevier.com/S2214-7853(22)06575-0/optR0IOlbsGXJ
http://refhub.elsevier.com/S2214-7853(22)06575-0/optbkDeZesDc2
http://refhub.elsevier.com/S2214-7853(22)06575-0/optbkDeZesDc2
http://refhub.elsevier.com/S2214-7853(22)06575-0/optbkDeZesDc2
http://refhub.elsevier.com/S2214-7853(22)06575-0/optbkDeZesDc2
http://refhub.elsevier.com/S2214-7853(22)06575-0/optbkDeZesDc2
http://refhub.elsevier.com/S2214-7853(22)06575-0/optOUHMCiTjRD
http://refhub.elsevier.com/S2214-7853(22)06575-0/optOUHMCiTjRD
http://refhub.elsevier.com/S2214-7853(22)06575-0/optOUHMCiTjRD
http://refhub.elsevier.com/S2214-7853(22)06575-0/optOUHMCiTjRD
http://refhub.elsevier.com/S2214-7853(22)06575-0/optOUHMCiTjRD
http://refhub.elsevier.com/S2214-7853(22)06575-0/opt09a2GywR6G
http://refhub.elsevier.com/S2214-7853(22)06575-0/opt09a2GywR6G
http://refhub.elsevier.com/S2214-7853(22)06575-0/opt09a2GywR6G
http://refhub.elsevier.com/S2214-7853(22)06575-0/opt5ihKmyOZBU
http://refhub.elsevier.com/S2214-7853(22)06575-0/opt5ihKmyOZBU
http://refhub.elsevier.com/S2214-7853(22)06575-0/opt5ihKmyOZBU
http://refhub.elsevier.com/S2214-7853(22)06575-0/opt9kpippKzm7
http://refhub.elsevier.com/S2214-7853(22)06575-0/opt9kpippKzm7
http://refhub.elsevier.com/S2214-7853(22)06575-0/opt9kpippKzm7
http://refhub.elsevier.com/S2214-7853(22)06575-0/opt6XVX6iUBNS
http://refhub.elsevier.com/S2214-7853(22)06575-0/opt6XVX6iUBNS
http://refhub.elsevier.com/S2214-7853(22)06575-0/opt6XVX6iUBNS
http://refhub.elsevier.com/S2214-7853(22)06575-0/optEwu4aVSTyC
http://refhub.elsevier.com/S2214-7853(22)06575-0/optEwu4aVSTyC
http://refhub.elsevier.com/S2214-7853(22)06575-0/optEwu4aVSTyC
http://refhub.elsevier.com/S2214-7853(22)06575-0/optXjIj9xDSC2
http://refhub.elsevier.com/S2214-7853(22)06575-0/optXjIj9xDSC2
http://refhub.elsevier.com/S2214-7853(22)06575-0/optXjIj9xDSC2
http://refhub.elsevier.com/S2214-7853(22)06575-0/optClSqU5YNBp
http://refhub.elsevier.com/S2214-7853(22)06575-0/optClSqU5YNBp
http://refhub.elsevier.com/S2214-7853(22)06575-0/optClSqU5YNBp
http://refhub.elsevier.com/S2214-7853(22)06575-0/optClSqU5YNBp
http://refhub.elsevier.com/S2214-7853(22)06575-0/optClSqU5YNBp
http://refhub.elsevier.com/S2214-7853(22)06575-0/optPDSjQ9OVLf
http://refhub.elsevier.com/S2214-7853(22)06575-0/optPDSjQ9OVLf
http://refhub.elsevier.com/S2214-7853(22)06575-0/optPDSjQ9OVLf
http://refhub.elsevier.com/S2214-7853(22)06575-0/opt9nJYvn6keK
http://refhub.elsevier.com/S2214-7853(22)06575-0/opt9nJYvn6keK
http://refhub.elsevier.com/S2214-7853(22)06575-0/opt9nJYvn6keK
http://refhub.elsevier.com/S2214-7853(22)06575-0/optP3PZeMtrYO
http://refhub.elsevier.com/S2214-7853(22)06575-0/optP3PZeMtrYO
http://refhub.elsevier.com/S2214-7853(22)06575-0/optP3PZeMtrYO
http://refhub.elsevier.com/S2214-7853(22)06575-0/optP3PZeMtrYO
http://refhub.elsevier.com/S2214-7853(22)06575-0/optP3PZeMtrYO
http://refhub.elsevier.com/S2214-7853(22)06575-0/optmb4NWkkVtB
http://refhub.elsevier.com/S2214-7853(22)06575-0/optmb4NWkkVtB
http://refhub.elsevier.com/S2214-7853(22)06575-0/optmb4NWkkVtB
http://refhub.elsevier.com/S2214-7853(22)06575-0/optHQ4CGLa5zW
http://refhub.elsevier.com/S2214-7853(22)06575-0/optHQ4CGLa5zW
http://refhub.elsevier.com/S2214-7853(22)06575-0/optHQ4CGLa5zW
http://refhub.elsevier.com/S2214-7853(22)06575-0/opteCRTtimwaB
http://refhub.elsevier.com/S2214-7853(22)06575-0/opteCRTtimwaB
http://refhub.elsevier.com/S2214-7853(22)06575-0/opteCRTtimwaB
http://refhub.elsevier.com/S2214-7853(22)06575-0/optNFiwIi0k2e
http://refhub.elsevier.com/S2214-7853(22)06575-0/optNFiwIi0k2e
http://refhub.elsevier.com/S2214-7853(22)06575-0/optNFiwIi0k2e
http://refhub.elsevier.com/S2214-7853(22)06575-0/optJxZjJ4nGY8
http://refhub.elsevier.com/S2214-7853(22)06575-0/optJxZjJ4nGY8
http://refhub.elsevier.com/S2214-7853(22)06575-0/optJxZjJ4nGY8
http://refhub.elsevier.com/S2214-7853(22)06575-0/opt4uv3cBMFIv
http://refhub.elsevier.com/S2214-7853(22)06575-0/opt4uv3cBMFIv
http://refhub.elsevier.com/S2214-7853(22)06575-0/opt4uv3cBMFIv
http://refhub.elsevier.com/S2214-7853(22)06575-0/optIyDtQ1L2sM
http://refhub.elsevier.com/S2214-7853(22)06575-0/optIyDtQ1L2sM
http://refhub.elsevier.com/S2214-7853(22)06575-0/optIyDtQ1L2sM
http://refhub.elsevier.com/S2214-7853(22)06575-0/optceTy19Hnx2
http://refhub.elsevier.com/S2214-7853(22)06575-0/optceTy19Hnx2
http://refhub.elsevier.com/S2214-7853(22)06575-0/optceTy19Hnx2


R. Chithra Devi, R. Girimurugan, S. Nanthakumar et al. Materials Today: Proceedings xxx (xxxx) xxx
[72] K. Logesh, S.J.P. Gnanaraj, S.B. Jeshurun, G. Klington, Experimental analysis of
solar still with thermal storage medium, Materials Today: Proceedings (2021).

[73] M.A. Raja, V. Manikandan, S.S. Kumar, P. Amuthakkannan, I. Balasubramanian,
S.J.P. Gnanaraj, S.B. Jeshurun, Parametric investigation and optimization of
AWJM process on stir cast al7075/basalt composite materials using Taguchi
based grey relational analysis, Materials Today: Proceedings (2021).

[74] E.F.I. Raj, M. Appadurai, E.F.I. Rani, et al., Finite-element design and analysis of
switched reluctance motor for automobile applications. Multiscale and
Multidiscip, Model. Exp. and Des. 5 (2022) 269–277.

[75] A. Balamurugan, K. Karthikeyan, S.J.P. Gnanaraj, N. Muthukumaran, April).
Stability Analysis of Voltage in IEEE 145 Bus System by CPF using Dragonfly
Algorithm, in: 2022 International Conference on Sustainable Computing and Data
Communication Systems (ICSCDS), IEEE, 2022, pp. 778–783.

[76] D.A.R. Nirmala, S. Ramaswamy, K. Logesh, S.J.P. Gnanaraj, Empirical study on
risk mitigation for dairy supply chain management of Aavin Co-operative Milk
Producers’ Union Ltd, Materials Today: Proceedings 49 (2022) 3657–3660.

[77] Karthick, M., Kumar, S. R., Athiappan, K., & Gnanaraj, S. J. P. (2022, April).
Thermal analysis of counter flow concentric tube heat exchanger using Runge-
Kutta method. In AIP Conference Proceedings (Vol. 2405, No. 1, p. 050008). AIP
Publishing LLC.

[78] K. R. J. Swikker, T. Sankaramoorthy, L. Girisha, P. Gopinath, P. Suresh, S. J. P.
Gnanaraj, April). Experimental investigation on the properties of glass fiber-
reinforced polymer composites containing graphene, AIP Conference
Proceedings, (Vol. 2405, No. 1,, AIP Publishing LLC, 2022, p. 050009.

[79] I.N. Manickam, K. Logesh, S.J.P. Gnanaraj, M. Appadurai, Effect of compression
on coir industry waste material, Materials Today: Proceedings (2022).

[80] S.J.P. Gnanaraj, I. Arulraj, M. Appadurai, Computational analysis of fine droplet
in swirl injector for desalination, Materials Today: Proceedings (2022).

[81] K.S. Maheswari, K. Mayandi, S.J.P. Gnanaraj, M. Appadurai, Effect of
transparent glass cover material on double slope solar still productivity,
Materials Today: Proceedings (2022).

[82] D.A.R. Nirmala, V. Kannan, M. Thanalakshmi, S.J.P. Gnanaraj, M. Appadurai,
Inventory management and control system using ABC and VED analysis,
Materials Today: Proceedings (2021).

[83] S.J.P. Gnanaraj, S. Ramasamy, M. Karthick, A.G. Klington, M. Appadurai,
Enhancing the concentric tube properties by optimizing operational
parameters, Materials Today: Proceedings 49 (2022) 3726–3730.

[84] J.A. Thangam, S.B. Jeshurun, A. Thangapoo, S.J.P. Gnanaraj, M. Appadurai,
Industrial hazards and safety measures–An empirical study, Materials Today:
Proceedings (2021).
7

View publication stats
[85] M. Karthick, S.J.P. Gnanaraj, M. Appadurai, S.B. Jeshurun, Productivity
Enhancement of a Single Slope Solar Still with Energy Storage Medium,
Materials Today: Proceedings (2021).

[86] P. Ravindran, M.J.S. Mohamed, S.J.P. Gnanaraj, M. Appadurai, Effect of graphite
addition on dry sliding wear behavior of Self-lubricating Al-SiC-Gr hybrid
composites by PM process, Materials Today: Proceedings (2021).

[87] S. Gnanaraj, J. Patrick, S. Ramachandran, K. Logesh, A Review of Various
Techniques used for the Improvement of Solar Still. RESEARCH JOURNAL OF
PHARMACEUTICAL BIOLOGICAL AND CHEMICAL, SCIENCES 8 (3) (2017) 1971–
1979.

[88] S.J.P. Gnanaraj, V. Balasubramanian, A.A. Munaf, V.M. Stalany, K. Chandrasekar,
M.S. Kumar, Investigation on drilling parameters of jute and cotton fiber
strengthened epoxy composites, Materials Today: Proceedings 45 (2021)
7107–7112.

[89] Z.F.A. Gani, J.S. Mohamed, J.P.S. Gnanaraj, N. Muthusaravanan, K.
Ariyanayagam, Experimental study on the stability and flame characteristics
of LPG flames in O2/N2 and O2/CO2 environment, Materials Today:
Proceedings 49 (2022) 2019–2024.

[90] S.S. Sulaiman, P.L. Jancy, A. Muthiah, V. Janakiraman, S.J.P. Gnanaraj, An
evolutionary optimal green layout design for a production facility by
simulated annealing algorithm, Materials Today: Proceedings 47 (2021)
4423–4430.

[91] S. Gnanaraj, J. Patrick, S. Ramachandran, K. Logesh, A Review on Solar Water
Distillation Using Thermal Energy Storage. RESEARCH JOURNAL OF
PHARMACEUTICAL BIOLOGICAL AND CHEMICAL, SCIENCES 7 (6) (2016) 2471–
2477.

[92] S.J.P. Gnanaraj, S. Ramachandran, Design and Fabrication of Modified Single
Slope Solar Still with Solar Pond, Int. J. Chem. Sci 14 (2016) 615–624.

[93] S.J.P. Gnanaraj, S. Ramachandran, D.S. Christopher, Enhancing the productivity
of double-slope single-basin solar still with internal and external
modifications, International Journal of Ambient Energy 39 (8) (2018) 777–782.

[94] S.J.P. Gnanaraj, S. Ramachandran, K. Logesh, Enhancing the performance of
solar still with solar pond, Journal of Chemical and Pharmaceutical Science 10
(1) (2017) 267–269.

[95] S.J.P. Gnanaraj, S. Ramachandran, R. Anbazhagan, Performance of double slope
solar still with external modifications, Desalination and Water Treatment 67
(2017) 16–27.

[96] S. Ramaswamy, Z.A. Shariff, A.A. Munaf, I.J. Leno, S.J.P. Gnanaraj, S.B. Jeshurun,
Study on application of higher order lamination plate theory over various
applications of natural fiber cross-ply composites, Materials Today:
Proceedings (2021).

http://refhub.elsevier.com/S2214-7853(22)06575-0/optIYXPuQMDFR
http://refhub.elsevier.com/S2214-7853(22)06575-0/optIYXPuQMDFR
http://refhub.elsevier.com/S2214-7853(22)06575-0/optbUm5pFwOla
http://refhub.elsevier.com/S2214-7853(22)06575-0/optbUm5pFwOla
http://refhub.elsevier.com/S2214-7853(22)06575-0/optbUm5pFwOla
http://refhub.elsevier.com/S2214-7853(22)06575-0/optbUm5pFwOla
http://refhub.elsevier.com/S2214-7853(22)06575-0/optjA64NmeNnY
http://refhub.elsevier.com/S2214-7853(22)06575-0/optjA64NmeNnY
http://refhub.elsevier.com/S2214-7853(22)06575-0/optjA64NmeNnY
http://refhub.elsevier.com/S2214-7853(22)06575-0/optp9bLSlIQGE
http://refhub.elsevier.com/S2214-7853(22)06575-0/optp9bLSlIQGE
http://refhub.elsevier.com/S2214-7853(22)06575-0/optp9bLSlIQGE
http://refhub.elsevier.com/S2214-7853(22)06575-0/optp9bLSlIQGE
http://refhub.elsevier.com/S2214-7853(22)06575-0/optp9bLSlIQGE
http://refhub.elsevier.com/S2214-7853(22)06575-0/opttMvTe6kskx
http://refhub.elsevier.com/S2214-7853(22)06575-0/opttMvTe6kskx
http://refhub.elsevier.com/S2214-7853(22)06575-0/opttMvTe6kskx
http://refhub.elsevier.com/S2214-7853(22)06575-0/opt2TpMxjToW4
http://refhub.elsevier.com/S2214-7853(22)06575-0/opt2TpMxjToW4
http://refhub.elsevier.com/S2214-7853(22)06575-0/opteiZYwAqyAU
http://refhub.elsevier.com/S2214-7853(22)06575-0/opteiZYwAqyAU
http://refhub.elsevier.com/S2214-7853(22)06575-0/optJjvhhty0Tx
http://refhub.elsevier.com/S2214-7853(22)06575-0/optJjvhhty0Tx
http://refhub.elsevier.com/S2214-7853(22)06575-0/optJjvhhty0Tx
http://refhub.elsevier.com/S2214-7853(22)06575-0/optMMbuu1rRVv
http://refhub.elsevier.com/S2214-7853(22)06575-0/optMMbuu1rRVv
http://refhub.elsevier.com/S2214-7853(22)06575-0/optMMbuu1rRVv
http://refhub.elsevier.com/S2214-7853(22)06575-0/optNjgoChetxd
http://refhub.elsevier.com/S2214-7853(22)06575-0/optNjgoChetxd
http://refhub.elsevier.com/S2214-7853(22)06575-0/optNjgoChetxd
http://refhub.elsevier.com/S2214-7853(22)06575-0/optAyy8VV82k5
http://refhub.elsevier.com/S2214-7853(22)06575-0/optAyy8VV82k5
http://refhub.elsevier.com/S2214-7853(22)06575-0/optAyy8VV82k5
http://refhub.elsevier.com/S2214-7853(22)06575-0/opt06MZacB7bc
http://refhub.elsevier.com/S2214-7853(22)06575-0/opt06MZacB7bc
http://refhub.elsevier.com/S2214-7853(22)06575-0/opt06MZacB7bc
http://refhub.elsevier.com/S2214-7853(22)06575-0/optyQpeO8B1dI
http://refhub.elsevier.com/S2214-7853(22)06575-0/optyQpeO8B1dI
http://refhub.elsevier.com/S2214-7853(22)06575-0/optyQpeO8B1dI
http://refhub.elsevier.com/S2214-7853(22)06575-0/optdsoS7tJcri
http://refhub.elsevier.com/S2214-7853(22)06575-0/optdsoS7tJcri
http://refhub.elsevier.com/S2214-7853(22)06575-0/optdsoS7tJcri
http://refhub.elsevier.com/S2214-7853(22)06575-0/optdsoS7tJcri
http://refhub.elsevier.com/S2214-7853(22)06575-0/optMfU3sWxYW4
http://refhub.elsevier.com/S2214-7853(22)06575-0/optMfU3sWxYW4
http://refhub.elsevier.com/S2214-7853(22)06575-0/optMfU3sWxYW4
http://refhub.elsevier.com/S2214-7853(22)06575-0/optMfU3sWxYW4
http://refhub.elsevier.com/S2214-7853(22)06575-0/optSLRks6Zfuz
http://refhub.elsevier.com/S2214-7853(22)06575-0/optSLRks6Zfuz
http://refhub.elsevier.com/S2214-7853(22)06575-0/optSLRks6Zfuz
http://refhub.elsevier.com/S2214-7853(22)06575-0/optSLRks6Zfuz
http://refhub.elsevier.com/S2214-7853(22)06575-0/optNfX5TPtost
http://refhub.elsevier.com/S2214-7853(22)06575-0/optNfX5TPtost
http://refhub.elsevier.com/S2214-7853(22)06575-0/optNfX5TPtost
http://refhub.elsevier.com/S2214-7853(22)06575-0/optNfX5TPtost
http://refhub.elsevier.com/S2214-7853(22)06575-0/optodlO6CKO0v
http://refhub.elsevier.com/S2214-7853(22)06575-0/optodlO6CKO0v
http://refhub.elsevier.com/S2214-7853(22)06575-0/optodlO6CKO0v
http://refhub.elsevier.com/S2214-7853(22)06575-0/optodlO6CKO0v
http://refhub.elsevier.com/S2214-7853(22)06575-0/optferswvpI4Q
http://refhub.elsevier.com/S2214-7853(22)06575-0/optferswvpI4Q
http://refhub.elsevier.com/S2214-7853(22)06575-0/optK1PMBRxCUP
http://refhub.elsevier.com/S2214-7853(22)06575-0/optK1PMBRxCUP
http://refhub.elsevier.com/S2214-7853(22)06575-0/optK1PMBRxCUP
http://refhub.elsevier.com/S2214-7853(22)06575-0/optFBPTyS2sGA
http://refhub.elsevier.com/S2214-7853(22)06575-0/optFBPTyS2sGA
http://refhub.elsevier.com/S2214-7853(22)06575-0/optFBPTyS2sGA
http://refhub.elsevier.com/S2214-7853(22)06575-0/optkNk4Vd8Mwm
http://refhub.elsevier.com/S2214-7853(22)06575-0/optkNk4Vd8Mwm
http://refhub.elsevier.com/S2214-7853(22)06575-0/optkNk4Vd8Mwm
http://refhub.elsevier.com/S2214-7853(22)06575-0/optvNgbYxmnaZ
http://refhub.elsevier.com/S2214-7853(22)06575-0/optvNgbYxmnaZ
http://refhub.elsevier.com/S2214-7853(22)06575-0/optvNgbYxmnaZ
http://refhub.elsevier.com/S2214-7853(22)06575-0/optvNgbYxmnaZ
https://www.researchgate.net/publication/364971335

	Experimental study of mechanical properties of Sisal/banana fiber hybrid sandwich composite
	1 Introduction
	2 Experimentation
	2.1 Sandwich structured composites
	2.2 Material selection
	2.3 Fiber arrangement
	2.4 Fabrication of sandwich composites

	3 Testing of mechanical properties
	3.1 Tensile test
	3.2 Flexural test
	3.3 Impact test
	3.4 Water absorption

	4 Results and discussions
	4.1 Analysis of tensile test
	4.2 Analysis of flexural test
	4.3 Impact test analysis
	4.4 Analysis on water absorption test

	5 Conclusions
	CRediT authorship contribution statement
	Declaration of Competing Interest
	References


