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Keywords Abstract

Natural fibers The increasing need for manufacturing of eco-friendly products has led researchers to explore the possibility of
Epoxy using of natural fibers in the fabricating of composites. In the current study, plain-woven plant fibers of cotton and
Mechanical properties kenaf, and animal fiber of wool with were used as the reinforcement of epoxy-based laminated composites.
Laminated composites Moreover, in order to evaluate the mechanical properties of the natural fibers reinforced laminated composites, plain-

woven E-glass/epoxy composites were also manufactured. The mechanical properties of the samples subjected to
tensile, shear and flexural loadings were determined. The results showed that the fraction of the specific tensile
strength of the cotton/epoxy laminates to laminates reinforced by kenaf or wool fiber is equal to 1.71 and 4.47,
respectively. Under shear loading, the specific strength of the samples was also 1.24 and 2.45 times greater by
changing the kenaf and wool fibers to cotton fiber, respectively. In addition, the specific flexural strength of the
cotton/epoxy composites was respectively obtained 1.42 and 2.34 times greater than that of the kenaf/epoxy and
wool/epoxy composites. Moreover, the specific energy absorption related to the cotton/epoxy laminated composites
under tensile loading is 2.7 times greater than that of the glass fiber reinforced laminated composites. At the end, in
order to measure the amount of water absorbed by different samples, moisture absorption test was also carried out
at intervals of 3 and 10 days. It was revealed that the greatest percent of the water absorption (7.47%) is related to
the cotton reinforced specimen at interval of 10 days.
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Table 2 The properties fibers used in this study
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current investigation
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Fig. 9 Comparison of specific tensile strength of laminated composites
reinforced by cotton, kenaf, wool or glass fiber
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Fig. 7 Stress-strain curve of specimen with cotton, kenaf, wool and glass
fibers under tensile loading
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Fig. 8 Comparison of specific tensile stiffness of laminated composites
reinforced by cotton, kenaf, wool or glass fiber
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Fig. 12 Comparison of specific shear strength of various specimens
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Fig. 11 Comparison of specific shear stiffness of various specimens
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Fig. 16 Comparison of specific flexural strength of various specimens
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Fig. 14 Stress-strain curve of specimen with cotton, kenaf, wool and
glass fibers under flexural loading
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Fig.15 Comparison of specific flexural stiffness of various specimens

s LSLMU}QJ 6‘)‘.’ oG (e > :...a..; MLM 15 iSuo
St (e b Cod alisee slaY slocy jeelS plSouul anglis glaies

Oygeas odel sty @l 0505 s o] (JE>  diges o el

1 Ramesh

106

9103 5)9Ud 9 pgle Ay s

J

[y



4B LS (59U 9 pglc Ay i

J

[ ¥

Ve 5 63l o |°L4e"

i 9 r:.nu Ay s SUWIL ool g 93 slasy 6me)}unlf sl UOI}A

alisee (D jorelS sladised glp ol iz s @l 5 Jgua
Table 5 Water absorption test results for various composite specimens
JE e s

R S NS I 3= SR SR o P

Jomel 55,1050 Slow ol 55,3 s 3|
39,10 &y9abse 39,3 &, 9abse ©
(%) (@) (%) (@

7.47 8.022 6.41 7.943 7.464

5.67 11.627 3.62 11.402 11.003

1.27 7.802 0.98 7.78 7.704

e

1.25 4.44 0.57 4.410 4.385

GrSazs -6

ladiged WS a5 3 Glagisn 0 a5 SeSles lagh cnl 5o

g SULy pdy (S any (rlo SUITL o0l gl (Suj9alS

SUN a8 5518wy p 9)90 (st g (B (28 B 5l asnd

2N e S SR Gezmen 638 4 e gl (Shy b

5o ool S8l 5 s ln S 51 Bre S S 5 03 00

BLI 5l bediges colu ;0 a5 i 5 fpay 5l egian SBLIIL anglis

el 51 ool s gl 4 dzg3 b oo oolitul gl 05, g oo asily

W) Az Ol e |y 9)lse o] alie 5 lagses]

7414 228 alSoriul b ay SLII L ouds Cugi diged S ol a4y - 1
s a5 JSuLEe 45,61 iy alSocl JKublSe
b oosds Cusii sladigas et o |y @l oy JSwliSe 114.77
Sengy Ploe o5 platuados jo Wlgioe 5 atls |) (anb SUI
sl ates U Gl Rl ] Copenl Sl Las

iy SLIIL oad ool (nmb Sloy50elS mly Sz azgh-2
SNl s @ 1) oamb S (g oo ccalies Gl L
)90 Slagye JoS 4 Gawm; péjede S cnl 0 00 )G egran
Moo e b o danme L5l gmao LI (slie 51 g5 e ok

@ S shend Sl olgm )l piy BLIIL 0l g5 diged - 3
S a1y Gl ol ool dde Gl oo oS Wil (oo ladiges Lo
255 Ol Sl g anee) e (S

LI L onds Cusis sty slocajsmels & bgye o i 65,0 - 4
iS5l o aSy sk ol piSadir Lo il Gl )l co Ay
AR Pl 27 e CoseealS g5 (nl oy eud i (55
ol oS gl aiad slacy jeelS

omeb GLI L o0 s clacy joelS a5 u sunlive IS jsb 4 - 5
)1 Glgem rerb Sl 4y Cod (5 (S pls LS

ged & by o aigai (e 50 Ol Gl aoy0 (it 59, 10 5l ey - 6
g 2l Qde wo 0 el ol dewle (duo s 747) as SLIIL
csreel LI s 55 o] ey (45 1.25) ats BLIIL aigas (o

el 0005 #5 (00 y0 1.27) iy BLINL aiges jo ST L oy 1S

3 Sanjay

107

Slalllae jo ()b8) iz el adls SLITL oad Cogi oy jsls

035 onlin 55 [26] o1)Sad 5 Lyl bags s plal 20
S alated GlaY ey sl ond Giz 5l (Shy b cov vz e
Lot Cosli slacejsnls @ bgye jlade ol csladiges plo 5l 2555
Sol> slaaiges Lawgi ool D (6551 e .l az s LB 5 4y SUI
Jlazr ool 25,5 as b o ains S s slacises 51 4y LI
o3 )l per3Sle s BLJ jpa 50 a5 wis S svalie [27] o Sen
S ouds 4zl BLII b onds Cusii glaY slacjouslS Lawgs odds Joss
S350 Olen b jloged 5 v Cobas a5 Cosl (o nl by b oo (1
e S BLL sl sladiges | adud LI sl s sladiges ond iz
e o o (LA 1) ()8, iz i (B) Jgar 50 ond il mls il
5O 0dlS ol Gl iy SU AT e wies o ol mls
b eS|y sz JB S 655l gy o0 G (Sl b slacy jealS

Sy j9alS Lansgs (aaSe yia o 05 2 J53) oy o i 65,514 Jgur

e g sy (S ol cov il sl
Table 4 Specific energy absorbed (3/(g/cm®)) by different laminated
composites subjected to tensile, shear and flexural loadings

(o 5l 5t b S aigei Sl g
0.76 7.21 21.65 Ay

0.44 3.54 483 @S
0.67 0.56 0.76 P

0.74 28.37 7.79 Ay

ol wis -5-5

() Jgo ;o ooy asl,] polie «(8) abasly 3,k 5l 9 Of Lds s plil b
b oo Cughl o0 j9malS sladiges 598 o onlive a5 elailen ael Cavay
[28] o), 5en 37 s plogll ilassls 1) Ol Gz ao ) oy yidon 4ty LI
lal 5o asy BLINL ool o sl (slocn jamslS Ll lade a5 wis S culive
et () e gl ke o Lol il gm 13 5 B 55k
Gl Qia chme Jlade ey jemelS (pl [0 Ol g walgn L SKeis
) sz 13 35750 shael 5.8 salyi ueis iz koo T 5l o 5 9500
&5 0l emlaa 5l (o Wlgion gdge (ol S (o0 ol 1) llae e 0
Bl oy o oad adlu ol aSady il Lot 4 gl slacy jopels
5 sSIy pmed coslis gl jida 5l ooliiul b a5 sl _gudy 0,5
Ry @y 1) G (nl Ol o0 LSS,

ety (Sl glasYaiz 5l 00,0 5.67 U1 Ldx jol> jiagh jo
Loy ol Gdz aoye 55 [29] 5,5 ¢ 7 slmile Slasliv bl p ol
el a0 5 sgam SYeb lej Do 3l ey CujealS g0 oyl
Slacuisls Lawg ol G soy [30-29] pliime 55 b
Senyee wepd 2 4 Spui FYsb ploy el Gy (o (S lladed
ROV EARVIRNON S & TRV E W05 e S RUARTA R

1 Sharba
2 Alomayri



Ve 5 63l o InLkJI

i 9 Io.m.x Ay s SUWIL ool g 93 slasy 6Lmhu)ynlf sl Uol};

Reinforced Laminated Composite Structures under in-Plane Shear
Loading”, Composite Structures, Vol. 186, pp. 347-354, 2018.

[21] Pol, M. H., Liaghat, Gh. H., Mehrabani Yeganeh, E. and Afrouzian,
A., “Experimental Investigation of Nanoclay and Nanosilica
Particles Effects on Mechanical Properties of Glass Epoxy
Composites,” In Persian, Modares Mechanical Engineering, Vol. 14,
No. 16, pp. 76-82, 2015.

[22] Shokrieh, M. M., Zeinedini, A. and Ghoreishi, S. M., “Effects of
Adding Multiwall Carbon Nanotubes on Mechanical Properties of
Epoxy Resin and Glass/Epoxy Laminated Composites,” In Persian,
Modares Mechanical Engineering, Vol. 15, No. 9, pp. 125-133,
2015.

[23] Jamal, S. K., Hassan, S. A., Wong, K. J., Hanan, U. A., “Mechanical
Properties of Hybrid Woven Kenaf/Recycled Glass Fibre
Reinforced Polyester Composites,” Journal of Built Environment,
Technology and Engineering, Vol. 1, pp. 335-344, 2016.

[24] Ramesh, M., “Kenaf (Hibiscus cannabinus L.) Fibre Based Bio-
materials: A Review on Processing and Properties,” Progress in
Materials Science, Vol. 78-79, pp. 1-92, 2016.

[25] Sapiai, N., Jumahat, A., Mahmud, J., “Flexural and Tensile
Properties of Kenaf/Glass Fibres Hybrid Composites Filled with
Carbon Nnanotubes,” Jurnal Teknologi (Sciences & Engineering)
Vol. 76, No. 3, pp. 115-120, 2015.

[26] Sharba, M. J., Leman, Z., Sultan, M. T. H., Ishak, M. R., Azmah
Hanim, M. A., “Partial Replacement of Glass Fiber by Woven Kenaf
in Hybrid Composites and its Effect on Monotonic and Fatigue
Properties,” BioResources, Vol. 11, No. 1, pp. 2665-2683, 2016.

[27] Jamal, S. K., Hassan, S. A., Wong, K. J., Yahya, M. Y., “Flexural
and Interlaminar Shear Study Hybrid Woven Kenaf/Recycled GFRP
(rGFRP) of Composites Subjected to Bending Load,” International
Journal of Advanced and Applied Sciences, Vol. 4, No. 3, pp. 45-
50, 2017.

[28] Alomayri, T., Assaedi, H., Shaikh, F. U. A., Low, L.M., “Effect of
Water Absorption on the Mechanical Properties of Cottonfabric-
Reinforced Geopolymer Composites,” Journal of Asian Ceramic
Societies, Vol. 2, pp. 223-230, 2014.

[29] Sanjay, M. R., Yogesha, B., “Study on Water Absorption Behaviour
of Jute and Kenaf Fabric Reinforced Epoxy Composites:
Hybridization Effect of E-Glass Fabric,” International Journal of
Composite Materials, Vol. 6, No. 2, pp. 55-62, 2016.

[30] Kasturiarachchi, K. A., Pritchard, G., “Water Absorption of
Glass/Epoxy Laminates under Bending Stresses,” Composites, Vol.
14, No. 3, pp. 244-260, 1983.

&l -7

[1] Fiore, V., Di Bella, G. and Valenza, A., “The Effect of Alkaline
Treatment on Mechanical Properties of Kenaf Fibers and their
Epoxy Composites,” Composites Part B: Engineering, Vol. 68, pp.
14-21, 2015.

[2] Hojo, T., Xu, Z., Yang, Y. and Hamada H., “Tensile Properties of
Bamboo, Jute and Kenaf Mat-Reinforced Composite,” Energy
Procedia, Vol. 56, pp. 2-79, 2014.

[3] Ramesh, M., Palanikumar, K. and Reddy, K. H., “Comparative
Evaluation on Properties of Hybrid Glass Fiber-Sisal/Jute
Reinforced Epoxy Composites,” Procedia Engineering, Vol. 51, pp.
745-750, 2013.

[4] Reddy, M. I, Varma, U. P., Kumar, I. A., Manikanth, V. and Raju,
P. K., “Comparative Evaluation on Mechanical Properties of Jute,
Pineapple leaf fiber and Glass fiber Reinforced Composites with
Polyester and Epoxy Resin Matrices,” Materials Today:
Proceedings, Vol. 5, No. 2, pp. 5649-5654, 2018.

[5] Singh, J. L. P., Dhawan, V., Singh, S. and Kapil Jangid., “Study of
Effect of Surface Treatment on Mechanical Properties of Natural
Fiber Reinforced Composites,” Materials Today: Proceedings, Vol.
4, No. 2, pp. 2793-2799, 2018.

[6] Wambua, P., Ivens, J. and Verpoest, 1., “Natural Fibres: can they
Replace Glass in Fibre Reinforced Plastics,” composites science and
technology, Vol. 63, No. 9, pp. 1259-1264, 2003.

[7] Khoathane, M. C., Vorster, O. C. and Sadiku, E. R., “Hemp Fiber-
Reinforced 1-Pentene/Polypropylene Copolymer: The Effect of
Fiber Loading on the Mechanical and Thermal Characteristics of the
Composites,” Journal of Reinforced Plastics and Composites, Vol.
27, No. 14, pp. 1533-1544, 2008.

[8] Chandramohan, D. and Kumar, A. J. P., “Experimental Data on the
Properties of Natural Fiber Particle Reinforced Polymer Composite
Material,” Data in brief, Vol. 13, pp. 460-468, 2017.

[9] Eze, 1.O., Igwe, 1.0., Ogbobe, O., Anyanwu, E.E. and Nwachukwu,
l., “Mechanical Properties of Pineapple Leaf Powder Filled High
Density Polyethylene,” International Journal of Engineering and
Technologies, Vol. 9, pp. 13-19, 2016.

[10] Senthiil, P. V. and Aakash Sirsshti., “Studies on Material and
Mechanical Properties of Natural Fiber Reinforced Composites,”
International Journal of Engineering and Science, Vol. 3, No. 11, pp.
18-27, 2014.

[11] Ahmadi, M. S., Gholami, M., Tavanaie, M. A. and Khajeh Mehrizi,
M., “Tensile and Flexural Properties of Epoxy-Date Palm Fiber
Composites,” In Persian, Journal of Science and Technology of
Composites, Vol. 5, No. 1, pp. 69-78, 2018.

[12] Ku, H., Wang, H., Pattarachaiyakoop, N. and Trada. N., “A Review
on the Tensile Properties of Natural Fiber Reinforced Polymer
Composites,” Composites Part B: Engineering, Vol. 42, No. 4, pp.
856-873, 2011.

[13] Standard Test Method for Tensile Properties of Polymer Matrix
Composite Materials, ASTM, D3039/D M 3039, 2008.

[14] Standard Test Method for In-Plane Shear Response of Polymer
Matrix Composite Materials by Tensile Test of a +45 Laminate,
ASTM, D 3518/D 3518 94, 2001.

[15] Standard Test Methods for Flexural Properties of Unreinforced and
Reinforced Plastics and Electrical Insulating Materials, Annual book
of ASTM Standards, ASTM, D790, 1997.

[16] Standard Test Method for Moisture Absorption Properties and
Equilibrium Conditioning of Polymer Matrix Composite Materials,
ASTM, D 5229/D 5229M-92, Technical report, ASTM, 2014.

[17] Portella, E. H.,Romanzini, D., Angrizani C. C., Amico S. C., Zattera
A. J., “Influence of Stacking Sequence on the Mechanical and
Dynamic Mechanical Properties of Cotton/Glass Fiber Reinforced
Polyester Composites,” Materials Research, Vol. 19, No. 3, pp. 542-
547, 2016.

[18] Tomczak, F., Satyanarayana, K. G., Sydenstricker, T. H., “Studies
on Lignocellulosic Fibers of Brazil: Part Il — Morphology and
Properties of Brazilian curaué fibers”. Composites Part A: Applied
Science and Manufacturing, Vol. 38, No. 10, pp. 2227-2236, 2007.

[19] Jawaid, M., Abdul-Khalil H. P., Bakar, A. A., Hassan, A., Dungani,
R., “Effect of Jute Fibre Loading on the Mechanical and Thermal
Properties of Oil Palm Epoxy Composites,” Journal of Composite
Materials, Vol. 47, No. 13, pp. 1633-1641, 2012.

[20] Yilmaz, C., Akalin, C., Gunal, I., Celik, H., Buyuk, M., Suleman,
A., Yildiz, M., “A Hybrid Damage Assessment for E-and S-Glass

108

9103 5)9Ud 9 pgle Ay s

J

[y


https://www.sciencedirect.com/science/article/pii/S0263822317333676#!
https://www.sciencedirect.com/science/article/pii/S0263822317333676#!
https://www.researchgate.net/publication/309573443_MECHANICAL_PROPERTIES_OF_HYBRID_WOVEN_KENAFRECYCLED_GLASS_FIBRE_REINFORCED_POLYESTER_COMPOSITES
https://www.researchgate.net/publication/309573443_MECHANICAL_PROPERTIES_OF_HYBRID_WOVEN_KENAFRECYCLED_GLASS_FIBRE_REINFORCED_POLYESTER_COMPOSITES

