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Abstract. This paper reviews the research works carried out in the field of woven natural fiber
composites with special reference to weave pattern, chemical modification and the theory be-
hind it.

1. INTRODUCTION

Agricultural or biodegradable material plays impor-
tant role in human life. The advantage of using such
resource is that, they are widely distributed all over
the world, its multifunctional, strength and biode-
gradable [1-2]. Natural fibers are used natural fibers
are used in different forms such as continuous, ran-
dom oriented and woven fabric for reinforcing com-
posites. Further, there is growing interest in the use
of natural fiber composites for structural and auto-
motive applications. [3-4] In the case of aircraft struc-
tures, woven or braided composites are used for a
wide variety of cross-sectional forms such as stiff-
eners, truss members, rotor blade, spars, etc. to
reduce the fabrication costs [5-6]. Various processes
such as weaving, braiding or knitting, etc. form rein-
forcement of these composites. Woven fabric com-
posites, in particular, are constructed by weaving
two fiber tows into each other to form a layer. These
layers are then impregnated with a resin or matrix
material, stacked in a desired orientation, and cured
to obtain a composite laminate. The interlacing of
fiber bundles has several advantages such as in-
creasing the strength of the lamina, greater dam-
age tolerance, as well as providing a possibility to

produce near net shape structural components.
Such capabilities are very important for producing
thick laminates. However, these advantages come
at the expense of some loss in the in-plane stiff-
ness and strength, which depends upon the weave
architecture [7]. There is certainly a need for sound
engineering data as well as efficient analytical/de-
sign methodologies to evaluate different parameters.
These design methodologies must account for pro-
cessing parameters and micro structural/geometri-
cal features for accurate modeling of such compos-
ites.

There are several geometries/architectures for
woven composites. In the case of two-dimensional
woven fabric composites, two sets of mutually or-
thogonal sets of yarns of the same material (non-
hybrid) or different material (hybrid) are interlaced
with each other. The various types of architectures
can be formed depending on how the pattern in the
interlaced regions is repeated. Plain weave is a spe-
cial case of two-dimensional woven fabric compos-
ites. In the case of ]lain-woven com]osites, a “wa_]”
or longitudinal fiber tow are interlaced with every
second “fill” o_ width fibe_ tow. A woven fab_ic con-
tains fibers oriented on at least two axes, in order
to provide great strength and stiffness [8]. Study on
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various randomly oriented natural fibres like coir,
bamboo, jute, palmyra, sisal, coir, banana have
been reported in the literature [9-25].

In this paper, two types of natural fibers, woven -
banana and pandanus (Kenaf) were utilized as rein-
forcement is studied. These two types of natural
fibers are taken for study is because of their ability
to be produced in a continuous form, and hence
able to produce into a woven mat form. Further, lit-
eratures on other types of natural fiber woven com-
posites were discussed briefly.

2. WOVEN COMPOSITES

Woven composites is known to be complex sys-
tems, which have additional features such as, inter-
lace spacing or gap, interlace point and unit cell
(Lai et al., [26]). There are very few reports on wo-
ven fabric composites reported so far. The popular-
ity of woven composites is increasing due to simple
processing and acceptable mechanical properties
(Jekabsons and Bystrom, [27]). Woven fabric com-
posites provide more balanced properties in the fab-
ric plane than unidirectional laminas. According to
Khashabaa and Seif [28], the usage of woven com-
posites has increased over the recent years due to
their lower production costs, lightweight, higher frac-
ture toughness and better control over the thermo-
mechanical properties. The weaving of the fiber pro-
vides an interlocking that increases strength better
than can be achieved by fiber matrix adhesion. Fail-
ure of the composite will require fiber breakage, since
fiber pullout is not possible with tightly woven fibers
[29].

In recent years, owing to the increased environ-
mental awareness, the usage of natural fibers as a
potential replacement for synthetic fibers such as
carbon, aramid and glass fibers in composite mate-
rials have gained interest among researchers
throughout the world. K.G.Satyanrayana et al. [30]
on his investigation of banana fiber with polyester
composites with out weathering test shows the spe-
cific modulus of the composites is 2.39 GPa which
are of same order as that of glass fiber plastics.
Further the Scanning Electron Microscope study of
Banana fiber-cotton fabric shows the specific modu-
lus of the composite also of same order of glass
fibe_ _einfo_ced ]lastic. A t_uck model “Manaca” was
developed and tested by H.A. Al-Qureshi [31] using
banana fiber mixed with epoxy resin and hardener.
However some special and critical panels a hybrid
composite of fibre glass/banana chopped fibre/ep-
oxy was laminated. It went through many years of
performance road tests and in conclusion has dem-
onstrated excellent results.

Seena Joseph et al. [32] in their work compared
the mechanical properties of phenol formaldehyde
composites reinforced with banana fibers and glass
fibers predicted that the optimum fiber length for
maximum value of tensile stress for banana fiber
and glass fiber are 30 and 40 mm, respectively. Also
found that the tensile st_ength and young’s modu-
lus value of banana/PF composites increases to 400
and 320%, respectively when fiber loading is 48%
when compared with neat resin. By increasing, the
fibre loading to 45% the flexural modulus is increased
to about 25% for banana/PF composites.
Laly.A.Pothan et al. [33] studied the static and dy-
namic mechanical properties of Banana and glass
fibe_–_einfo_ced ]olyeste_ com]osites. The com]os-
ite was prepared in woven form and found out that
high tensile strength can be obtained using two layer
of fabric and four layer of fabric shows two peaks
and one shoulder. Increasing the number of layers
made the second relaxation peak visible and damp-
ing values are found to be lowered by the incorpora-
tion of more number of layers.

S.M.Sapuan et.al [34] investigated the Mechani-
cal properties of woven banana fiber reinforced with
epoxy composites. From the result of tensile test,
it is found that the maximum value of stress in x-
direction is 14.14 MN/m2 and in y-direction is 3.398
MN/m2. The results of three point bending test pre-
dict that the maximum load applied is 36.25 N to
get the deflection of 0.5 mm. Statistical analysis
has also been carried out using analysis of vari-
ance-one way (ANNOVA).

Tensile, flexure, impact and fracture surface
study of woven pseudo stem banana fibre reinforced
with epoxy composite was investigated by M. A.
Maleque et al. [35]. Tensile test results show that
the ultimate strength of banana-reinforced epoxy is
increased from 45 MPa to 47 MPa when compared
with un_einfo_ced e]oxy. In addition, the Young’s
modulus is increased from 1300 MPa to 1850 MPa.
Similarly, the flexure strength increased to 75 MPa
f_om 45 MPa and Young’s Modulus in Flexu_e is
increased to 1825 MPa from 1525 MPa. The frac-
ture surface study through Scanning electron mi-
croscope shows the banana fiber composite exhibit
ductile type of failure with minimum plastic defor-
mation.

S.M.Sapuan et al. [36] has designed and fabri-
cated a multipurpose table-using composite of ep-
oxy and banana pseudo-stem fibers. In this paper
the design concept, detail design and fabrication of
woven banana fabric composite telephone stand are
presented. The fabricated telephone stand is unique
in presentation and aesthetically pleasing, golden
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brown in colour and can easily be matched with
typical colour of furniture. H. Y. Sastra et al. [37]
analysed the results from the flexural tests of Arenga
pinnata fiber reinforced epoxy composite showed
the highest value for maximum flexural properties.
The flexural strength and flexural modulus values
for 10 wt.% of woven roving Arenga pinnata fiber
composite are 108.157 MPa and 4421.782 MPa
respectively. The results of present study have
showed that using Arenga pinnata fibers as a rein-
forcement for the epoxy matrix could successfully
develop a beneficial composite particularly in term
of strong and rigidity. Zouari B(2007) carried out  yarn
process by varying parameter for the simulation in
fact to apply the mechanical law behavior in tension
along their direction (warp and weft).

Boisse P.H et al. [38] discussed the principal
deformation mode of woven fabrics is the plane shear
and could be estimated by measurement of angle
between yarns, during the process.

Ala Tabiei et al. [39] reviewed modeling of Pro-
cess Induced Residual Stresses in Resin Transfer
Molded Composites with Woven Fiber Mats. Sig-
nificant change in the elastic properties is observed
as a result of the scissoring effect and fiber reorien-
tation in woven fabric composites. Sabeel Ahmed
et al. [40] discussed the elastic properties and notch
sensitivity of unt_eated woven jute and jute–glass
fabric reinforced polyester hybrid composites was
determined analytically and experimentally. Elastic
properties were determined by using the rule of hy-
brid mixture and classical lamination theory
(CLT).His investigation reveals that jute composites
undergo more transverse strain and less longitudi-
nal st_ain than jute–glass hyb_id com]osites.

L. A. Pothan et al. [42] studied composites of
woven sisal in polyester matrix using three different
weave architectures: (plain, twill, and matt) were
prepared using a resin transfer molding technique
with special reference to the effect of resin viscos-
ity, applied pressure, weave architecture, and fiber
surface modification. His study provide the informa-
tion that weaving architecture and the fiber content
were both found to have an effect on the composite
mechanical properties. W.L. Lai et al. [42] investi-
gated betel palm woven hybrid composite charac-
teristics and testing features. It is found that the
alkaline treatment of fibers effectively cleans the fi-
ber surface and increases the fiber surface rough-
ness. In general, mechanical properties of the wo-
ven composites made from alkali treated fibers were
superior to the untreated fibers.

3. CHEMICAL TREATMENT OF
WOVEN FIBER COMPOSITE

N.Srinivasababu et al. [43] presented new natural
fiber namely okra for the preparation of okra fiber
reinforced polyester composites. Chemically treated
(chemical treatment-2) okra woven FRP compos-
ites showed the highest tensile strength and modu-
lus of 64.41 MPa and 946.44 MPa respectively than
all other composites investigated in the present re-
search. Specific tensile strength and modulus of
untreated and treated okra FRP composites is
34.31% and 39.84% higher than pure polyester
specimen.

Edeerozey et al. [44] carried out the chemical
modification of kenaf fibers. Different concentrations
of NaOH were used and SEM. examined the mor-
phological changes. The authors observed that
treated kenaf fibers exhibited better mechanical prop-
erties than untreated fibers. In addition, the opti-
mum concentration of NaOH was found to be 6%. A
decrease in impurities was observed in the case of
treated fibers. Fiber bundle tests were also performed
and the strength of 6% NaOH-treated fiber bundles
was found to be higher by 13%. Shinji Ochi. (2008)
reviewed biodegradability of kenaf/PLA composites
was examined for four weeks using a garbage-pro-
cessing machine. Experimental results showed that
the weight of composites decreased 38% after four
weeks of composting.

S.H. Aziz et al. [45] discussed the effect of al-
kalization on fiber alignment. Maldas et al. [46] in-
vestigated the influence of chemical treatment.
Nishino et al. (2006) investigated the influence of
silane coupling agent (glycidoxypropyl
trimethoxysilane) on kenaf fiber-reinforced PLA. The
stress on the fibers in the composite under trans-
verse load was monitored in situ and
nondestructively using X-ray diffraction. Pothan et
al. [47] investigated the influence of chemical modi-
fication on dynamic mechanical properties of ba-
nana fiber-reinforced polyester composites. A num-
ber of silane coupling agents were used to modify
the banana fibers. The damping peaks were found
to be dependent on the nature of chemical treat-
ment. Thiruchitrambalam et.al [48] studied the ef-
fect of NaOH and SLS treatment on Banana/kenaf
woven composite. It was found that the composites
made using SLS (Sodium lauryl sulphate) treated
fibers has higher strength then the composites made
using alkali treated fiber.

Rozli Zulkifli et al. [49] studied the effect of chemi-
cal treatment on the interlaminar fracture toughness
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of woven silk composite. The results give the indi-
cation of the effect of the fiber surface treatment
and number of layers because the thicknesses of
all the specimens are the same. In order to increase
the interlaminar fracture toughness of woven silk/
epoxy composites, surface treatment using silane
based coupling agent gives a slightly improve prop-
erties and usage of multiple layers of woven silk
fiber has proven to be effective. Rafah [50] investi-
gation reveals that the chemical treatment improved
the dielectric strength and thermal conductivity by
about 29.37% and 139% respectively compared with
untreated fiber composites. Finally, the dielectric
constant value of the treated fiber composite was
found to be lower than the untreated fiber compos-
ite and virgin unsaturated polyester.

4. CONCLUSION

The use of woven natural fiber, especially banana
and kenaf as reinforcing agent in polymer-based
composites were reviewed from the point of weave
pattern, chemical modification and other factors and
the factors which affects the mechanical properties.
At present, these fibers are used for non load bear-
ing automotive components. Thus, we conclude that
the systematic and persistent research in the fu-
ture will increase the scope and better future for
woven banana/kenaf fiber and its composites.

REFERENCES

[1] R.M. Rowell, J.S. Hans and J.S. Rowell,
Characterization and factor affecting fiber
properties. Natural polymers and Agro-fiber
composites (2000).

[2] D. Nabi Saheb and J. P. Jog // Advances in
Polymer Technology 18 (1999) 351.

[3] A. K.Bledzki and J. Gassan // Progress in
Polymer Science 24 (1999) 221.

[4] A.G. Satyanarayana, K.G. Kulkarni, P.K.
Rohatgi and Kalyani Vijayan // Journal of
Material Science 18 (1982) 2290.

[5] www.speautomotive.com/SPEA_CD/
SPEA2008/pdf/c/BNF-02.pdf.

[6] Y. Chen, O. Chiparus, l. Sun, I. Negulescu,
D. V. Parikh and T. A. Calamari // Journal of
Industrial Textiles 35 (2005) 47.

[7] Yan Li, M.S. Sreekala and Maya Jacob,
Textile composite based on Natural fibers,
www.researchspace.csir.co.za/dspace/
bitstream/10204/.../Jacobs_2009.pdf

[8] Rajiv. A. Naik // Journal of Composite
Materials 29 (1995) 2334.

[9] A.G. Kulkarni, K.G. Satyanarayana and P.K.
Rohatgi // J. Scient. Indian Research 40
(1981) 222.

[10] S. Harish, D. Peter Michael, A. Bensely,
D. Mohan Lal and A. Rajadurai // Mater.
Characterization 6 (2009) 44.

[11]  J.Rout, M.Mishra, A.K.Mohanty, S.K Nayak
and S.S. Tripathy // J. Reinf. Plast. Compos.
22 (2003) 1083.

[12] U.C.Jindal // Journ. Compos. Mater. 20
(1986) 19.

[13] Seema Jain, Rakesh Kumar and U.C.Jindal //
J. Mater. Sci. 27 (1992) 4598.

[14] S. Varadarajulu, G. AllahBakash,
Ramachandra Reddy and K. Narasimhachary
// J. Reinf. Plast. Compos. 17 (1998) 1507.

[15] M.A. Mansur and M.A. Aziz // Int. J. Chem.
Compos. Light Weight Concrete 4 (1982) 75.

[16] R.Velmurugan and V.Manikandan // Compos.
Part A 38 (2007) 2216.

[17] N.Sgriccia, M.C.Hawley and M.Mishra //
Compos. Part A 39 (2008) 1632.

[18] Kuruvilla Joseph Sabu Thomas anf
C. Pavithran // J. Reinf. Plast. Compos. 12
(1993) 139-146.

[19] S. L. Bai, R. K. Y. Li, L. C. M. Wu, H. M.
Zeng and Y. W. Mai // J. Mater. Sci. Letters
17 (1998) 1805.

[20] Kuruvilla Joseph, Beena James, Sabu
Thomas and Laura Hecker // Revista
Brasileira de Engenharia Agrícola e
Ambiental 3 (1999) 367.

[21] G. Mwithiga and J.M. Mwania // J. Eng.
Applied Sciences 1 (2006) 508.

[22] A.Meddahi, K.Ait Tahar and M.Bibi //
J. Natural Fibers 5 (2008) 36.

[23] A.G. Kulkarni, K.G. Satyanarayana, P.K.
Rohatgi and K. Vijayan // J. Mater. Sci. 18
(1983) 2292.

[24] G. Nilza, Justiz Smith Junior Virgo and
Vernon E. Buchanan // J. Mater. Charac. 32
(2008) 1121129.

[25] N.Venkateshwaran and A. Elaya Perumal //
J.Reinf. Plast. Compos 29 (2010) 2387.

[26] W.L. Lai, M. Mariatti and Jani. S. Mohammed
// Polymer Plastics technology and
Engineering 44 (2008) 235.

[27] N. Jekabsons and N. Bystrom // Composites
Part B: Engineering 33 (2002) 619.

[28] U.A. Khashaba and M. A. Seif // J.
Composite Structures 74 (2006) 440.

[29] S. V. Lomov, A. Willems, I. Verpoest,
Y. Zhu, M. Barburski and Tz. Stoilova //
Textile Research Journal 76 (2006) 243.



150 A.Alavudeen,M. Thiruchitrambalam, N.Venkateshwaran and A.Athijayamani

[30] K.G. Satyanarayana, K.G. Kulkarni, P.K.
Rohatgi and Kalyani Vijayan // Journal of
Material Science 18 (1982) 2290.

[31] H.A. Al-Qureshi, In: 2nd International wood
and natural fiber composite symposium
(Germany,1999).

[32] Joseph Seena, M.S. Sreekala,
Z. Oommen and Thomas Sabu // Journal of
Composite science and technology 62 (2002)
1857.

[33] A. Pothan Laly, Z. Oommen and Thomas
Sabu // Journal of composite science and
technology 63 (2003) 283.

[34] S.M. Sapuan, A. Leeni, M. Harimi and Y.K.
Beng // Journal of Materials and Design 27
(2006) 689.

[35] M. A. Maleque, F. Y. Belal and S.M. Sapuan
// The Arabian Journal for Science and
Engineering 32 (2007) 359.

[36] S.M. Sapuan and M.A. Maleque // Materials
and Design 26 (2005) 65.

[37] H.Y. Sastra, J.P. Siregar, S.M. Sapuan,
Z. Leman and M.M. Hamdan // American
Journal of Applied Sciences, (Special Issue)
21-24 (2005) 2124.

[38] Ph. Boisse, B. Zouari and J.L. Daniel //
Composite Part A 37 (2007) 2201.

[39] Ala Tabiei and Ivelin Ivanov // Journal of
thermoplastic composite materials 16 (2003)
457.

[40] K. Sabeel Ahmed, S. Vijayarangan and
A.C.B. Naidu // Materials and Design 28
(2007) 2287.

[41] L. A. Pothan, Y. W. Mai, S. Thomas and
R. K. Y. Li // Journal of Reinforced Plastics
And Composites 27 (2008) 1847.

[42] W. L. Lai and M. Mariatti // J. Reinf.Palstics
and composites 27 (2008) 925.

[43] N. Srinivasababu, K. Murali Mohan Rao and
J. Suresh Kumar // International Journal of
Engineering (IJE) 3 (2009) 403.

[44] Mohd Edeerozey // Materials Letters. 61
(2004) 2023.

[45] S.H. Aziz and M.P. Ansell // Composites
Science and Technology 65 (2003) 525.

[46] D. Maldas, B.V. Kokta, R.G. Raj and
C. Daneault // Polymer 29 (1998) 1255.

[47] L.A. Pothan, S. Thomas and G. Groeninckx
// Composites A 37 (2006) 1260.

[48] M. Thiruchirambalam, A. Alavudeen, A.A.
Thijayamani, N. Venkateshwaran and
A. Elayaperumal // Mater. Phys. Mech. 8
(2009) 165.

[49] Rozli Zulkifli, Che Husna Azhari, Maryam
J. Ghazali, Ahmad Rasdan Ismail and Abu
Bakar Sulong // European Journal of
Scientific Research 27 (2009) 454.

[50] Rafah A. Nassif // Eng.& Tech. Journal 28
(2010)191.


