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Abstract: Fiber-reinforced polymer composites have large applications in different important sectors like  

aerospace engineering biomedical engineering, constructions because of their light-weight and high strength.  

Tensile and flexural properties are the two ultimate factors for measuring the strength of materials. The role of 

fiber  content, length, and their orientations on these two properties are explored in this study. Different 

chemical  modifications to improve the surface property of fiber/matrix and hence improve the tensile and 

flexural properties  of polymer composites are also reviewed in this paper.  
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I. Introduction  
Fiber-reinforced polymer composites can be defined as polymer matrix imbedded in with fibers of high  

mechanical properties to achieve high strength to weight and stiffness to weight ratio[1]. The constituents of a  

composite can be divided into two parts: a continuous phase is known as matrix and a discontinuous phase 

known as  reinforcement. The first commercial production of polymer composites can be dated back to the 

1950s when natural  fibers were reinforced in different types of thermoset plastics[2]. Polymer composites have 

a wide range of  applications in biomedical engineering especially in dental and tissue engineering[3], aerospace 

industries[4],  automotive sector[2][5], civil construction[6][7]. The matrix material of polymer composites can 

be classified into  thermoplastic and thermoset polymers. Polyethylene, polypropylene, polystyrene, polyvinyl 

chloride, etc. are some  thermoplastics used in polymer composites preparation, whereas epoxy, polyester, 

phenolics are widely used  thermoset plastics for composite preparation[8]. Apart from these, different 

biopolymers are also used as composite  matrix due to their biodegradability[9]. Fibers used for composite 

preparation can be categorized into two types:  Synthetic fibers and natural fibers. Synthetic or man-made fibers 

such as glass fibers, carbon fiber, acrylic fibers are  used for their tensile strength and modulus[10]. In recent 

years, researchers are trying to replace conventional  synthetic fibers with different natural fibers due to low 

cost, flexibility, satisfactory mechanical properties, biodegradability, and environmental concerns [11]. 

Different types of natural fibers such as jute fiber[12][13],  hemp[14][15][16], sisal fiber[17][18], kenaf[19][20], 

coir fiber[21][22], Banana[18], palm[22], cotton fiber[23] etc.  are used as reinforcement to different thermoset 

and thermoplastic polymers. Both synthetic and natural fiber  reinforcements had reported improving the 

mechanical properties such as tensile strength, flexural strength, the  impact resistance of polymers materials 

[24][25][26][27][28][29].  

The tensile and flexural properties of polymer composites are dependent on fiber content, fiber length, 

fiber  orientation, and the matrix-fiber adhesive property[30][31][32]. It is very difficult to find a definite 

combination for  all fibers for desired properties. The optimum value of fiber content, fiber length, and fiber 

orientations vary from  material to material, so researchers are working for decades to develop suitable 

composite materials for the  application.  

For the last few years, researchers are trying to replace the synthetic fibers with naturally available 

fiber materials  due to environmental concerns. Unfortunately, the natural fibers could not replace the synthetic 

fibers due to some  drawbacks. Natural fibers constitute of cellulose, Hemicellulose, Lignin, Pectin, 

Moisture[33]. The presence of a high quantity of hydroxyl group makes the natural fibers polar and strongly 

hydrophilic, whereas the polymer matrix  materials are hydrophobic in nature [33][34]. These differences in 

properties make the interfacial attraction between  the natural fibers and synthetic polymers vulnerable to 

environmental conditions i.e. lower the resistance to moisture  adsorption. Consequently, swelling of fibers at 

the matrix interface occurs and hence the mechanical properties of  polymer composites deteriorate. Another 

sever problem rise from this characteristic different is poor dispersion of  polymer fibers in the matrix. At 

present researches is going on to improve the interfacial adhesion between the  matrix and fibers. Different 
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types of chemical modifications such as alkali treatment, Acetylation, Silane treatment,  Benzoylation 

Treatment, Permanganate Treatment are done on the fiber surface to improve the mechanical  properties of 

polymer composites by increasing the surface roughness of fibers, decreasing the hydroxyl group in  fibers, 

decreasing the adsorption of water by fibers [35][36][37][38].   

This paper aims to review the effect of fiber length, content, and orientations of both synthetic and natural fibers 

on  the tensile and flexural properties of polymer composites. This works also study the effect of different 

chemical  modifications of fiber on the mechanical properties of Fiber-reinforced polymer composites.  

 

II. Tensile Property of fiber-reinforced polymer composites  
Tensile strength is defined as the resistance of a material to an applied force [39]. There are different 

ASTM methods for testing the tensile strength of polymer samples. ASTM D638 is recommended for testing  

discontinuous, randomly arranged polymer composites, whereas ASTM D3039 is applied for well-oriented, 

highly  tensile modulus polymer composites, ASTM D882 is used to determine the tensile strength of thin 

plastic sheets [40].   

  

2.1. Effect of fiber length and content on the tensile property of Composites  

Incorporation of fibers to polymer has reported improving the tensile property of polymer materials as they 

often  have higher tensile strength than pure polymer materials. Table 1 and Table 2 show the tensile strength of 

some widely used fiber and Polymers for composite preparation respectively. It can be seen that the tensile 

property of the  fibers is much higher than the pure polymers.  

 

Table 1: Mechanical and Physical Properties of Reinforcement fibers 

 
 

Table 2: Mechanical and Physical Properties of Polymers 

 
 

Fu et. al. prepared polypropylene (PP) composites with short-glass-fiber (SGF) and short-carbon-fiber 

(SCF) as  reinforcement using a twin-screw extruder and injection molding technique. They observed that 

SCF/PP has more  tensile strength than both SGF/PP and pure PP, however, it was also more brittle than the 

other materials [41].  Researchers found that volume/weight fraction and the length of the fibers has a noticeable 

effect on the tensile  property and ductility of the composites. Thomason and Vlug studied the effect of glass 

fiber (GF) reinforcement of  various length and weight fraction on the tensile property of composites and found 

that the tensile modulus of  composite increases remarkably up to a 40weight percentage and the change is not 

significant after that. However,  the fiber length above 0.5mm had very little effect on the tensile property [47]. 

Wazery et. al. investigated the tensile  property of Glass fiber/polyester composites with varying the fiber 

percentage and found that the tensile strength  increases about 300% from zero fiber percentage to 60 fiber 

percentage[24]. It was further noticed that the yield  strength increased from 0 to 45 wt.% but it drastically 

decreases at 60 wt.%. Davis et. al. incorporated carbon  nanotube functionalized with fluorine into epoxy and 

studied the tensile property for different weight fractions. They  noticed that the tensile strength and tensile 
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modulus increases with the increase in weight percentage of  reinforcement(illustrated in fig. 1)[48]. However, a 

different kind of observations was made by Li[49]. He studied  the tensile properties of Wood and High-Density 

Polyethylene(HDPE) composite and observed that with the  increase in the weight percentage of fiber, the 

tensile strength of the subject materials decreases drastically[49]. A  similar kind of observation was made by 

Zaini et. al. for oil palm wood-flour fillers[50]. Fig. 2(a) and (b) show the  effect of the weight percentage of 

fiber loading on the tensile strength for some experimental cases.   

 

 
Fig. 1: Tensile strength and tensile modulus of Fluorine functionalized carbon nanotubes and Epoxy resin 

(adapted  from [48]).  

 

 
Fig. 2: a. Tensile strength of GF/Polyester and Bamboo/Epoxy composites(adapted from[24][51]) b. Tensile  

strength of Wood flour/HDPE composites (adapted from [49]). 

 

2.2. Influence of fiber orientation on the tensile property of Polymer composites  

Fiber orientation plays a vital role in the tensile property of polymer composites[52]. However, the 

effect varies  from material to material. Tanwer experimented to determine the effect of uni-direction and bi-

directional  orientation of Gf on epoxy composite and found that the uni-directional orientations had superior 

tensile properties  compared to the other arrangement [53]. Yong et. al. studied the tensile property for 

Kenaf/Polyester composites at  different fiber orientations (Perpendicular, anisotropic and isotropic) and found 

that the anisotropic arrangement had  the highest tensile properties (tensile strength and tensile modulus), 

however, the elongation at break (%)  significantly decreases after fiber reinforcement [54]. Bakir and Hashem 

observed that with the increase of the  degree of orientation of GF, the tensile strength of epoxy resin 

composites increases which is illustrated in figure 02  [55]. Lasikun et. al. studied the effect of fiber orientation 

on the tensile property for a Zalacca Midrib Fiber(ZMF)- HDPE Composites and concluded that with the 

increase in the orientation of the fiber, the tensile strength of the  composites declines [56].   
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Fig. 3: Effect of fiber orientations on Zalacca Midrib Fiber(ZMF)/HDPE and GF/Epoxy composites (adapted  

from[56][55]). 

 

2.3. Chemical modification to improve the tensile property of Polymer Composites  

The surface of Fibers is modified to improve the tensile property of polymer composites. Mobarakeh 

et. al.  improved the tensile property of short glass fiber/Polyamide 6,6 composites by incorporating ionic 

groups to short  glass fibers[57]. Jing et. al. modified the surface of glass fiber by graphene oxides and a silane 

coupling agent, and  found that silane treated fiber had superior tensile properties [58] However, a completely 

different kind of  observation was made for Chlorine treated Aramid fibers and Epoxy polymer. Tarantili and 

Andreopoulos observed  that after chlorine treatment the tensile properties of the composite decrease [59].   

For the last few decades, researchers are focusing on natural fibers for their biodegradability, however, 

the tensile  properties of natural fibers are poor compared to the synthetic ones. Table 1 shows a comparison of 

tensile  properties among different natural and synthetic fibers used to polymer composites. To improve the 

mechanical  properties of Natural fiber reinforced Polymer (NFRP), researchers are performing different types 

of chemical  modifications on Natural fibers and polymer matrix. Alkaline treatment of fibers known as 

mercerization is one of  the most applied chemical modifications performed to promote the adhesiveness of 

fiber surface[60]. Another  widely used chemical modification is bleaching, done mainly to remove physical 

impurities present in the fiber.  Carvalho et. al. done both alkaline (sodium hydroxide solution) and bleaching on 

green coconut fibers to improve  the fiber surface and prepared composites with Polystyrene (PS). They later 

studied the tensile properties of the  prepared composites and the tensile modulus of 30% reinforced composite 

was found to significantly increased, on  the contrary, the chemical treatment could not improve the surface 

interaction [61]. Danyuo et. al. studied the effect  of different degrees of Alkaline treatment on Banana 

fiber/Poly-Dimethyl-Siloxane-Based composites and found the  optimum treatment condition at 8% NaOH 

concentration[62]. Fig. 4 illustrates the effect of NaOH concentrations on  the discussed composite system.  

 

 
Fig. 4: Effect of different degree of Alkaline treatment on the tensile strength and tensile modulus for Banana  

fiber/Poly-Dimethyl-Siloxane-Based composites [62]. 

 

In another study, the tensile properties of Flax fiber/PP composites were improved by enhancing the interaction  

property of Fiber/Matrix by treating the Flax fiber with maleic anhydride, maleic anhydride-polypropylene  

copolymer(MAPP), and vinyl trimethoxy silane[63]. Xue et. al. improved the surface adhesion of Aspen 
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fiber/PP  composites by treating the fiber with the MAPP coupling agent and consequently improved the 

mechanical  properties of the composite[64]. Besides this many different chemicals are used to treat the fiber for 

improving the  tensile properties of composites, some of the treatments are given in table 03.  

 

Table 3: Effect of chemical modifications of fibers on tensile properties for different composites.  

 

 
 

III. Flexural testing of fiber-reinforced polymer composites  
Flexural testing is used to determine the stiffness of materials by measuring the force required to bend a  

material[72]. There are mainly two different standard methods for determining the flexural strength of polymer  

composites-ASTM D790-03 and ASTM D 7264/D 7264M – 07[73]. ASTM D790-03 is mainly used for 

reinforced  and unreinforced polymer composites of lower strength, however, ASTM D 7264/D 7264M – 07 is 

used for polymer  composited reinforced with continuous fibers and having high modulus.   

 

3.1. Effect of fiber length and content on the Flexural property of Composites  

Similar to the tensile strength, flexural properties are also largely effected by fiber length and the fiber 

content of the  reinforcements[74]. Ramesh et. al. prepared Banana Fiber/ Epoxy resin composites with three 

different volume  fractions and tested the flexural property by the ASTM D790 method. They observed that the 

highest flexural  strength was 76.53 MPa at a 50/50 ratio of banana fiber and epoxy resin [75]. The study of 

flexural property for  GF/PMMA composites at different fiber lengths and content revealed that fiber length of 

5mm at fiber content  volume of 22% at dry condition has superior flexural properties (fig. 5)[32]. In another 

study, flexural strength for  Kenaf and Bagasse reinforced biodegradable polymers were measured for different 

volume fractions and length of  the fiber. In both cases, with up to 60% of fiber content, the flexural strength 

increases with the addition of more  fibers, and up to 2.8 mm kenaf and 3.2 mm bagasse fiber length the flexural 

strength decreases[46]. Zuraida et. al.  studied the effect of increasing fiber length on flexural strength of coir 

fiber/Cement/Albumen biopolymer and  observed that at a fiber length of 5mm maximum flexural strength is 

achieved, afterward with the increase of length,  strength also decreases as illustrated in figure 06 [76].  
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Fig. 5: Effect of (a) fiber content (b) fiber length on the flexural strength and flexural modulus for GF/PMMA  

composites [32].  

 

 
Fig. 6: Effect of fiber length on the flexural strength for coir fiber/Cement/Albumen biopolymer.  

 

3.2. Effect of fiber orientation on the flexural property of composites 

The flexural strength of polymers is influenced by the arrangement of the fibers in the composites. 

Numerous  researchers had tried to find an optimum arrangement for enhanced mechanical properties. Biswas 

et. al. studied the  flexural strength of GF/Epoxy composites for four different degrees of fiber orientations at 

various fiber contents  and found that at 20% fiber loading and 30
o
arrangement, the optimum flexural strength 

was obtained. Figure 07  illustrates the effect of the degree of fiber orientations at different amounts of loading. 

[77]. For sisal fiber/epoxy  composites the maximum flexural strength was obtained at 90
o
fiber orientation as 

shown in figure 08 [78]. Yong et.  al. also studied the flexural modulus of Kenaf/Polyester composites for three 

different arrangements (Perpendicular,  anisotropic, and isotropic) and obtained the highest value at the 

anisotropic arrangement[54].  

 

 
Fig. 7: Effect on flexural strength at different degrees of fiber orientations at 20%, 30%, and 40% fiber loading 

for  GF/Epoxy composites(adapted from [77]). 
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Fig. 8: Effect on flexural strength at different degree of fiber orientations for sisal fiber/epoxy composites 

(adapted  from [78]). 

 

3.3. Chemical modifications of fiber to improve the Flexural property of Polymer Composites  

Enhancement of the flexural property by chemically modifying the surface/interface interaction is done 

on both  synthetic and natural fibers. Cao et. al. modified the surface of GF with silica particles and used the 

modified fiber to  prepare GF/Epoxy composites. They also prestressed the silica modified GF and clean GF 

before composite  preparation to study the flexural property and observed that prestressed the silica modified 

GF showed superior  property[79]. In another study, the flexural properties of GF/PP composites were improved 

using silane grafted  Polypropylene (Vinyltrimethoxysilane modified PP (PP-g-Si)). The effect of the coupling 

agent on the flexural  properties of GF/PP composites is shown in figure 09[70]. Table 04 enlists some other 

chemical modifications of  fiber for improving the flexural strength of composites.  

 

Table 4: Effect of chemical modifications of fibers on flexural properties for different composites. 

 

Fig. 9: Effect on flexural strength and modulus for GF/PP at different weight percentages of PP grafted Silane  

coupling [70]. 
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Different types of chemical modifications are also performed on natural fibers to enhance the flexural 

properties of  polymer composites. Strength is improved by increasing the roughness of the fiber materials, 

enhancing the  interfacial adhesion. The flexural properties of jute reinforced epoxy/polyester were augmented 

by treating the fibers  with Alkali and Oligomeric Siloxane[86]. The effect of different treatments on the 

flexural strength and flexural  modulus is illustrated in figure 10(a) and (b) respectively. Yousif et. al. treated the 

kenaf fiber with a 6% NaOH  solution and the treated Kenaf/epoxy composites showed 16% higher flexural 

strength than the untreated one[34].  Vinayagamoorthy treated the Vetiveria zizanioides fibers with three 

different chemicals (Sodium hydroxide,  Peroxide, and benzoyl chloride) and prepared polyester composites. He 

found that hydrogen peroxide treated fiber  composites has the highest flexural strength and the raw fiber 

composite had the lowest strength. Some other  chemical modifications on natural fibers are listed in table 4.  

 
(b) 

Fig. 10: Effect on (a) flexural strength and (b) flexural modulus for different types of chemical modifications 

jute  fibers for Jute/Epoxy/Polyester composites [86]. 

 

IV. Conclusion  
The tensile and flexural properties of different synthetic and natural fiber composites are explored. It 

was found that  these properties of polymer composites are largely influenced by fiber length, content, and 

orientations. The tensile  and flexural properties are often found to increase with the fiber length and content and 

after an optimum point, they  decline. Researchers are trying to find optimum parameters for gaining maximum 

mechanical properties. The  mechanical properties of natural fibers are not satisfactory compared to synthetic 

fibers due to the hydroxyl group  present in the cellulose of natural fibers. Numerous chemical treatments such 

as silane coupling, bleaching,  Mercerization, etc. are done on the fiber surface to improve the abrasion of the 

surface and improve the fiber/matrix  interface.  

 

References  
[1]. F. W. Billmeyer, Textbook of Polymer Science. 1984.  
[2]. R. M. Wang, S. R. Zheng, and Y. P. Zheng, Polymer matrix composites and technology. 2011.  

[3]. M. M. Zagho, E. A. Hussein, and A. A. Elzatahry, “Recent overviews in functional polymer composites for biomedical 

applications,”  Polymers (Basel)., vol. 10, no. 7, 2018.  
[4]. M. S. A. Atique, N. N. Probha, and A. S. Nafi, “Polymer composites : a blessing to modern aerospace engineering,” Int. Conf. 

Mech.  Ind. Energy Eng. 2014, no. December 2014, pp. 1–6, 2014.  

[5]. A. John and S. Alex, “A Review on the Composite Materials used for Automotive Bumper in Passenger Vehicles,” Int. J. Eng. 
Manag.  Res., vol. 4, no. 4, pp. 98–101, 2014.  



A review on tensile and flexural properties of fiber-reinforced  polymer composites  

DOI: 10.9790/019X-07051626                                   www.iosrjournals.org                                              24 | Page 

[6]. S. S. Pendhari, T. Kant, and Y. M. Desai, “Application of polymer composites in civil construction: A general review,” Compos.  

Struct., vol. 84, no. 2, pp. 114–124, 2008.  
[7]. C. E. Bakis et al., “Fiber-reinforced polymer composites for construction - State-of-the-art review,” J. Compos. Constr., vol. 6, no. 

2,  pp. 73–87, 2002.  

[8]. R. Malkapuram, V. Kumar, and Y. Singh Negi, “Recent development in natural fiber reinforced polypropylene composites,” J. 
Reinf.  Plast. Compos., vol. 28, no. 10, pp. 1169–1189, 2009.  

[9]. S. Rwahwire, B. Tomkova, A. P. Periyasamy, and B. M. Kale, “Green thermoset reinforced biocomposites,” in Green Composites 

for  Automotive Applications, 2018.  
[10]. Y. Liu and S. Kumar, “Polymer/carbon nanotube nano composite fibers-A review,” ACS Appl. Mater. Interfaces, vol. 6, no. 9, pp.  

6069–6087, 2014.  

[11]. H. Hargitai, I. Rácz, and R. D. Anandjiwala, “Development of HEMP fiber reinforced polypropylene composites,” J. Thermoplast.  
Compos. Mater., vol. 21, no. 2, pp. 165–174, 2008.  

[12]. V. Mishra and S. Biswas, “Physical and mechanical properties of bi-directional jute fiber epoxy composites,” Procedia Eng., vol. 

51,  no. NUiCONE 2012, pp. 561–566, 2013.  
[13]. A. K. Rana, A. Mandal, B. C. Mitra, R. Jacobson, R. Rowell, and A. N. Banerjee, “Short jute fiber-reinforced polypropylene  

composites: Effect of compatibilizer,” J. Appl. Polym. Sci., vol. 69, no. 2, pp. 329–338, 1998.  

[14]. R. Hu and J. K. Lim, “Fabrication and mechanical properties of completely biodegradable hemp fiber reinforced polylactic acid 
composites,” J. Compos. Mater., vol. 41, no. 13, pp. 1655–1669, 2007.  

[15]. T. Sullins, S. Pillay, A. Komus, and H. Ning, “Hemp fiber reinforced polypropylene composites: The effects of material 

treatments,”  Compos. Part B Eng., 2017.  
[16]. G. Beckermann and D. K. Pickering, “Performance of Hemp-Fibre Reinforced Polypropylene Composite Materials,” 2007.  

[17]. K. Joseph, S. Thomas, C. Pavithran, and M. Brahmakumar, “Tensile properties of short sisal fiber‐ reinforced polyethylene 

composites,”  J. Appl. Polym. Sci., 1993.  
[18]. M. Idicula, N. R. Neelakantan, Z. Oommen, K. Joseph, and S. Thomas, “A study of the mechanical properties of randomly oriented  

short banana and sisal hybrid fiber reinforced polyester composites,” J. Appl. Polym. Sci., 2005.  

[19]. H. M. Akil, M. F. Omar, A. A. M. Mazuki, S. Safiee, Z. A. M. Ishak, and A. Abu Bakar, “Kenaf fiber reinforced composites: A  
review,” Materials and Design. 2011.  

[20]. M. Thiruchitrambalam, A. Alavudeen, and N. Venkateshwaran, “Review on kenaf fiber composites,” Reviews on Advanced 

Materials  Science. 2012.  
[21]. S. N. Monteiro, L. A. H. Terrones, and J. R. M. D’Almeida, “Mechanical performance of coir fiber/polyester composites,” Polym.  

Test., vol. 27, no. 5, pp. 591–595, 2008.  

[22]. M. M. Haque, M. Hasan, M. S. Islam, and M. E. Ali, “Physico-mechanical properties of chemically treated palm and coir fiber  
reinforced polypropylene composites,” Bioresour. Technol., 2009.  

[23]. M. G. Kamath, G. S. Bhat, D. V. Parikh!, and D. Mueller, “Cotton Fiber Nonwovens for Automotive Composites,” Int. Nonwovens 

J.,  2005.  
[24]. M. S. EL-Wazery, M. I. EL-Elamy, and S. H. Zoalfakar, “Mechanical properties of glass fiber reinforced polyester composites,” Int. 

J.  Appl. Sci. Eng., vol. 14, no. 3, pp. 121–131, 2017.  
[25]. A. Hassan, R. Yahya, A. H. Yahaya, A. R. M. Tahir, and P. R. Hornsby, “Tensile, impact and fiber length properties of injection 

molded short and long glass fiber-reinforced polyamide 6,6 composites,” J. Reinf. Plast. Compos., vol. 23, no. 9, pp. 969–986, 

2004.  
[26]. H. L. Tekinalp et al., “Highly oriented carbon fiber-polymer composites via additive manufacturing,” Compos. Sci. Technol., 2014. 

[27]. H. Ku, H. Wang, N. Pattarachaiyakoop, and M. Trada, “A review on the tensile properties of natural fiber reinforced polymer  

composites,” Compos. Part B Eng., vol. 42, no. 4, pp. 856–873, 2011.  
[28]. T. Kanie, K. Fujii, H. Arikawa, and K. Inoue, “Flexural properties and impact strength of denture base polymer reinforced with 

woven  glass fibers,” Dent. Mater., 2000.  

[29]. P. Wambua, J. Ivens, and I. Verpoest, “Natural fibres: Can they replace glass in fibre reinforced plastics?,” Compos. Sci. Technol., 
vol.  63, no. 9, pp. 1259–1264, 2003.  

[30]. A. Shalwan and B. F. Yousif, “In state of art: Mechanical and tribological behaviour of polymeric composites based on natural 

fibres,”  Mater. Des., 2013.  
[31]. A. R. Kakroodi, S. Cheng, M. Sain, and A. Asiri, “Mechanical, thermal, and morphological properties of nanocomposites based on  

polyvinyl alcohol and cellulose nanofiber from Aloe vera rind,” J. Nanomater., 2014.  

[32]. S. K. Garoushi, L. V. J. Lassila, and P. K. Vallittu, “Short fiber reinforced composite: The effect of fiber length and volume 
fraction,”  J. Contemp. Dent. Pract., vol. 7, no. 5, pp. 010–017, 2006.  

[33]. Nguong and M. N. M. Ansari, “A Review on Natural Fibre Polymer Composites,” Int. J. Sci. Res. Eng. Technol. - ISSN 2278-0882, 

vol.  6, no. 2, pp. 81–86, 2017.  
[34]. B. F. Yousif, A. Shalwan, C. W. Chin, and K. C. Ming, “Flexural properties of treated and untreated kenaf/epoxy composites,” 

Mater.  Des., vol. 40, pp. 378–385, 2012.  

[35]. J. A. Khan, M. A. Khan, R. Islam, and A. Gafur, “Mechanical, Thermal and Interfacial Properties of Jute Fabric-Reinforced  
Polypropylene Composites: Effect of Potassium Dichromate,” Mater. Sci. Appl., 2010.  

[36]. P. Saha, S. Manna, S. R. Chowdhury, R. Sen, D. Roy, and B. Adhikari, “Enhancement of tensile strength of lignocellulosic jute 

fibers  by alkali-steam treatment,” Bioresour. Technol., 2010.  
[37]. A. Paul, K. Joseph, and S. Thomas, “Effect of surface treatments on the electrical properties of low-density polyethylene composites  

reinforced with short sisal fibers,” Compos. Sci. Technol., 1997.  

[38]. X. Li, L. G. Tabil, and S. Panigrahi, “Chemical treatments of natural fiber for use in natural fiber-reinforced composites: A review,”  
Journal of Polymers and the Environment. 2007.  

[39]. W. J. Wright and D. R. Askeland, The Science and Engineering of Materials 2nd Edition. 2014.  

[40]. P. Materials, E. I. Materials, P. Matrix, C. Materials, and P. Specimens, “Standard Test Method for Tensile Properties of Plastics 1,” 
no.  January 2004, pp. 1–15, 2006.  

[41]. S. Y. Fu, B. Lauke, E. Mäder, C. Y. Yue, and X. Hu, “Tensile properties of short-glass-fiber- and short-carbon-fiber-reinforced  

polypropylene composites,” Compos. Part A Appl. Sci. Manuf., vol. 31, no. 10, pp. 1117–1125, 2000.  
[42]. R. Mohanraj, T. Praveenkumar, V. Pavunraj, B. Paulraj, and R. Ragul, “Tensile and Low Velocity Impact Behaviour of Carbon / S 

Glass Reinforced Hybrid PMC,” vol. 7, no. 2, pp. 10–15, 2020.  

[43]. D. Nabi Saheb and J. P. Jog, “Natural fiber polymer composites: A review,” Adv. Polym. Technol., vol. 18, no. 4, pp. 351–363, 
1999.  



A review on tensile and flexural properties of fiber-reinforced  polymer composites  

DOI: 10.9790/019X-07051626                                   www.iosrjournals.org                                              25 | Page 

[44]. M. J. John and R. D. Anandjiwala, “Recent developments in chemical modification and characterization of natural fiber-reinforced  

composites,” Polymer Composites. 2008.  
[45]. L. Mohammed, M. N. M. Ansari, G. Pua, M. Jawaid, and M. S. Islam, “A Review on Natural Fiber Reinforced Polymer Composite 

and Its Applications,” Int. J. Polym. Sci., vol. 2015, 2015.  

[46]. S. Shibata, Y. Cao, and I. Fukumoto, “Press forming of short natural fiber-reinforced biodegradable resin: Effects of fiber volume 
and  length on flexural properties,” Polym. Test., vol. 24, no. 8, pp. 1005–1011, 2005.  

[47]. J. L. Thomason, M. A. Vlug, G. Schipper, and H. G. L. T. Krikor, “Influence of fibre length and concentration on the properties of  

glass fibre-reinforced polypropylene: Part 3. Strength and strain at failure,” Compos. Part A Appl. Sci. Manuf., vol. 27, no. 11, pp.  
1075–1084, 1996.  

[48]. D. C. Davis, J. W. Wilkerson, J. Zhu, and D. O. O. Ayewah, “Improvements in mechanical properties of a carbon fiber epoxy  

composite using nanotube science and technology,” Compos. Struct., vol. 92, no. 11, pp. 2653–2662, 2010.  
[49]. Y. Li, “Effect of coupling agent concentration, fiber content, and size on mechanical properties of wood/HDPE composites,” Int. J.  

Polym. Mater. Polym. Biomater., vol. 61, no. 11, pp. 882–890, 2012.  

[50]. M. J. Zaini, M. Y. A. Fuad, Z. Ismail, M. S. Mansor, and J. Mustafah, “The effect of filler content and size on the mechanical 
properties  of polypropylene/oil palm wood flour composites,” Polym. Int., vol. 40, no. 1, pp. 51–55, 1996.  

[51]. A. Gupta, A. Kumar, A. Patnaik, and S. Biswas, “Effect of different parameters on mechanical and erosion wear behavior of 

bamboo  fiber reinforced epoxy composites,” Int. J. Polym. Sci., vol. 2011, pp. 12–14, 2011.  
[52]. J. W. Kim, J. J. Lee, and D. G. Lee, “Effect of Fiber Orientation on the Tensile Strength in Fiber-Reinforced Polymeric Composite  

Materials,” Key Eng. Mater., vol. 297–300, pp. 2897–2902, 2005.  

[53]. A. K. Tanwer, “Mechanical Properties Testing of Uni-directional and Bi-directional Glass Fibre Reinforced Epoxy Based 
Composites,”  Int. J. Res. Advent Technol., vol. 2, no. 11, pp. 2321–9637, 2014.  

[54]. C. K. Yong, Y. C. Ching, C. H. Chuah, and N. S. Liou, “Effect of fiber orientation on mechanical properties of kenaf-reinforced  

polymer composite,” BioResources, vol. 10, no. 2, pp. 2597–2608, 2015.  
[55]. B. Bakir and H. Hashem, “Effect of Fiber Orientation for Fiber Glass Reinforced Composite Material on Mechanical Properties,” 

Int. J.  Mining, Metall. Mech. Eng., 2013.  

[56]. Lasikun, D. Ariawan, E. Surojo, and J. Triyono, “Effect of fiber orientation on tensile and impact properties of Zalacca Midrib fiber 
HDPE composites by compression molding,” AIP Conf. Proc., vol. 1931, no. February, 2018.  

[57]. H. Salehi-Mobarakeh, J. Brisson, and A. Ait-Kadi, “Ionic interphase of glass fiber/polyamide 6,6 composites,” Polym. Compos., 

vol.  19, no. 3, pp. 264–274, 1998.  
[58]. M. Jing, J. Che, S. Xu, Z. Liu, and Q. Fu, “The effect of surface modification of glass fiber on the performance of poly(lactic acid)  

composites: Graphene oxide vs. silane coupling agents,” Appl. Surf. Sci., vol. 435, pp. 1046–1056, 2018.  

[59]. P. A. Tarantili and A. G. Andreopoulos, “Mechanical properties of epoxies reinforced with chloride-treated aramid fibers,” J. Appl.  
Polym. Sci., vol. 65, no. 2, pp. 267–276, 1997.  

[60]. A. Gomes, T. Matsuo, K. Goda, and J. Ohgi, “Development and effect of alkali treatment on tensile properties of curaua fiber green  

composites,” Compos. Part A Appl. Sci. Manuf., vol. 38, no. 8, pp. 1811–1820, 2007.  
[61]. K. C. C. Carvalho, D. R. Mulinari, H. J. C. Voorwald, and M. O. H. Cioffi, “Chemical modification effect on the mechanical 

properties of hips/ coconut fiber composites,” BioResources, vol. 5, no. 2, pp. 1143–1155, 2010.  
[62]. Y. Danyuo et al., “Effect of Chemically Modified Banana Fibers on the Mechanical Properties of Poly-Dimethyl-Siloxane-Based  

Composites Y.,” J. Mater. Eng. Struct., vol. 6, pp. 547–563, 2019.  

[63]. G. Cantero, A. Arbelaiz, R. Llano-Ponte, and I. Mondragon, “Effects of fibre treatment on wettability and mechanical behaviour of  
flax/polypropylene composites,” Compos. Sci. Technol., vol. 63, no. 9, pp. 1247–1254, 2003.  

[64]. Y. Xue, D. R. Veazie, C. Glinsey, M. F. Horstemeyer, and R. M. Rowell, “Environmental effects on the mechanical and  

thermomechanical properties of aspen fiber-polypropylene composites,” Compos. Part B Eng., vol. 38, no. 2, pp. 152–158, 2007. 
[65]. M. N. M. Ansari and H. Ismail, “The effect of silane coupling agent on mechanical properties of feldspar filled polypropylene 

composites,” J. Reinf. Plast. Compos., vol. 28, no. 24, pp. 3049–3060, 2009.  

[66]. P. J. Herrera-Franco and A. Valadez-González, “A study of the mechanical properties of short natural-fiber reinforced composites,”  
Compos. Part B Eng., vol. 36, no. 8, pp. 597–608, 2005.  

[67]. P. V. Joseph, K. Joseph, and S. Thomas, “Effect of processing variables on the mechanical properties of sisal-fiber-reinforced  

polypropylene composites,” Compos. Sci. Technol., 1999.  
[68]. H. Wang, H. Memon, E. A. M. Hassan, M. S. Miah, and M. A. Ali, “Effect of jute fiber modification on mechanical properties of 

jute  fiber composite,” Materials (Basel)., vol. 12, no. 8, 2019.  

[69]. U. Tayfun, M. Dogan, and E. Bayramli, “Influence of Surface Modifications of Flax Fiber on Mechanical and Flow Properties of  
Thermoplastic Polyurethane Based Eco-Composites,” J. Nat. Fibers, vol. 13, no. 3, pp. 309–320, 2016.  

[70]. W. Qiu, K. Mai, and H. Zeng, “Qiu_et_al-1999-Journal_of_Applied_Polymer_Science.pdf,” no. January, pp. 1537–1542, 1998. 

[71]. C. Varga, N. Miskolczi, L. Bartha, and G. Lipóczi, “Improving the mechanical properties of glass-fibre-reinforced polyester 
composites  by modification of fibre surface,” Mater. Des., vol. 31, no. 1, pp. 185–193, 2010.  

[72]. A. Shrivastava, Plastic Properties and Testing. 2018.  

[73]. ASTM, “D790-03-Standard Test Method for Flexural Properties of Unreinforced and Reinforced Plastics and Electrical Insulation  
Materials,” ASTM Stand., pp. 1–11, 2015.  

[74]. P. Amuthakkannan, V. Manikandan, J. T. Winowlin Jappes, and M. Uthayakumar, “Effect of fibre length and fibre content on  

mechanical properties of short basalt fibre reinforced polymer matrix composites,” Mater. Phys. Mech., vol. 16, no. 2, pp. 107–117,  
2013.  

[75]. M. Ramesh, T. Sri Ananda Atreya, U. S. Aswin, H. Eashwar, and C. Deepa, “Processing and mechanical property evaluation of 

banana  fiber reinforced polymer composites,” Procedia Eng., vol. 97, pp. 563–572, 2014.  
[76]. Z. Ahmad, S. Iis, Z. Halim, and N. Sarifuddin, “Effect of fiber length variations on properties of coir fiber reinforced cement-

albumen  composite (cfrcc),” iium eng. J., 2011.  

[77]. S. Biswas, B. Deo, A. Patnaik, and A. Satapathy, “Effect of fiber loading and orientation on mechanical and erosion wear behaviors 
of  glass-epoxy composites,” Polym. Compos., 2011.  

[78]. M. Kumaresan, S. Sathish, and N. Karthi, “Effect of fiber orientation on mechanical properties of sisal fiber reinforced epoxy  

composites,” J. Appl. Sci. Eng., vol. 18, no. 3, pp. 289–294, 2015.  
[79]. Y. Cao and J. Cameron, “Flexural and shear properties of silica particle modified glass fiber reinforced epoxy composite,” J. Reinf.  

Plast. Compos., vol. 25, no. 4, pp. 347–359, 2006.  

[80]. J. Jang and H. S. Kim, “Performance improvement of glass fiber-poly(phenylene sulfide) composite,” J. Appl. Polym. Sci., 1996.  
[81]. H. Cui and M. R. Kessler, “Pultruded glass fiber/bio-based polymer: Interface tailoring with silane coupling agent,” Compos. Part A  



A review on tensile and flexural properties of fiber-reinforced  polymer composites  

DOI: 10.9790/019X-07051626                                   www.iosrjournals.org                                              26 | Page 

Appl. Sci. Manuf., vol. 65, pp. 83–90, 2014.  

[82]. U. K. Komal, V. Verma, T. Aswani, N. Verma, and I. Singh, “Effect of chemical treatment on mechanical behavior of banana fiber  
reinforced polymer composites,” Mater. Today Proc., vol. 5, no. 9, pp. 16983–16989, 2018.  

[83]. D. Bachtiar, S. M. Sapuan, A. Khalina, E. S. Zainudin, and K. Z. M. Dahlan, “Flexural and impact properties of chemically treated  

sugar palm fiber reinforced high impact polystyrene composites,” Fibers Polym., vol. 13, no. 7, pp. 894–898, 2012. [84] M. Sood, 
D. Dharmpal, and V. K. Gupta, “Effect of Fiber Chemical Treatment on Mechanical Properties of Sisal Fiber/Recycled HDPE  

Composite,” Mater. Today Proc., vol. 2, no. 4–5, pp. 3149–3155, 2015.  

[84]. M. Rokbi, H. Osmani, A. Imad, and N. Benseddiq, “Effect of chemical treatment on flexure properties of natural fiber-reinforced  
polyester composite,” Procedia Eng., vol. 10, pp. 2092–2097, 2011.  

[85]. Y. Seki, “Innovative multifunctional siloxane treatment of jute fiber surface and its effect on the mechanical properties of  

jute/thermoset composites,” Mater. Sci. Eng. A, vol. 508, no. 1–2, pp. 247–252, 2009. 

Myisha Ahmed Chowdhury, et. al. “A Review on Tensile and Flexural Properties of Fiber-

Reinforced Polymer Composites.” IOSR Journal of Polymer and Textile Engineering (IOSR-

JPTE), vol. 7, no. 5, 2020, pp. 16-26. 

 

 


