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1. Introduction 
Natural fibers are assuming much significance as processing materials for engineering applications today due to growing 
environmental consciousness and their high strength and stiffness. They also possess some good advantages over synthetic fibers 
such as their low cost, low density, renewability, manufacturing ease and biodegradability [1]. 
There is a growing interest in the use of natural fibers as reinforcing components for thermoplastics and thermosets. Although 
thermoplastics have the added advantage of recycling possibilities; thermosetsare targeted to obtain much improved 
mechanicalproperties as compared to thermoplastics in the resulting bio-composites [2]. One of the most important focuses in 
achieving this goal is to develop a new material, with an improved strength to weight ratio over any of the materials presently in 
use [3].There are various types of natural fibers today, and the variety continues to increase. Some examples in use include ramie, 
hemp, kenaf, jute, sisal, bamboo, banana, and oil palm fibers [4]. The mechanical properties of natural fiber composites are much 
lower than those of the synthetic fiber composites and they are hydrophobic. Synthetic fibers have very good mechanical 
properties, moisture repellency, but these are difficult to recycle. To take advantage of both natural and synthetic fibers, they can 
be combined in the same matrix to produce hybrid composites that take full advantage of the best properties of the constituents. 
Studies are still ongoing in the use of established natural fibers in composites materials development and also in the establishing 
some new ones as potential reinforcement candidates in composites materials, okra fiber is one of such. 
De Rosa et al., [5] studied the Morphological, thermal and mechanical characterization of okra (Abelmoschusesculentus) fibers as 
potential reinforcement in polymer composites and concluded that these fibers show potential as reinforcement in polymer matrix 
composite. Shamsul et al., [6] studied the chemical analysis of okra fiber and its physico- chemical properties. The chemical 
compositions of okra fiber values are 67.5 % cellulose, 15.4 % hemicellulose, 7.1 % lignin, 3.4 % pectic matter, 3.9 % fatty and 
waxy matter, and 2.7% aqueous extract. The effect of varying fiber length and hybridization ratio on the mechanical properties of 
natural and hybridized fiber composites have been studied by many researchers.These include the use of flax in polypropylene [7], 
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Abstract: 
This paper presents an investigation on the mechanical and water absorption properties of okra and glass fibersreinforced 
epoxy hybrid composite as a potential material for engineering applications. The properties of randomly oriented okra 
fibers were studied as a function of different fiber lengths (10mm, 20mm, 30mm, 40mm, and 50mm) and okra: glass 
hybridization ratios (90:10, 80:20, 70:30, 60:40 and 50:50)at 15 wt % total fiber loading using the hand lay-up method 
followed by compression. The results indicated that fiber lengths and hybridization ratios do greatly influence the properties 
of reinforced hybrid composites, as the error analysis showed that generally, there were significant differences in the 
properties at different fiber lengths and different hybridization ratios. The 20mm fiber length composite exhibited the 
highest tensile strength (10.707MPa), modulus of elasticity (698.84MPa) and minimal water absorption (4.3%) properties 
compared to the other fiber length used in the composites. The 40mm composite had the highest elongation at break of 
10.24mm. The 50: 50 hybridization ratios exhibited the highest tensile strength of 12.358MPa, Modulus of elasticity of 
751.98MPa, 2.466mm elongation at break and the least water absorption of 2.59%. The composite have properties which 
suggest their suitability for application in the building and construction industries as panels for portioning and flooring or 
wall coverings, architectural landscaping to replace the hardwood currently used hence, preserving the environment.  
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sisal in polypropylene [8], kenaf in unsaturated polyester resin [9], hybridized bamboo/glass in epoxy [10] and hybridized 
sisal/glass in epoxy [2]. 
However, the use of okra fiber as reinforcement is sparingly reported despite its established potentials. In this work, a relatively 
new fiber, okra is exploited for the preparation of okra/glass fibers reinforced hybridized epoxy composite with specific focus on 
establishing the optimum fiber length and the hybridization ratio in relation to mechanical and water absorption properties. 
 
2. Experimental 
 
2.1. Materials 
The Okra fibers, Glass fibers, the epoxy (Grade 3554A) and the hardener (Grade 3554B) were purchased from Juneng Nigeria ltd 
in Nssuka LGA of Enugu State Nigeria and used as purchased. 
 
2.2. Method 
 
2.2.1. Mould Preparation 
A mould with dimensions 210mm x 160mm x 20mm mould cavity was used in this work. The mould cavity was cleaned to 
remove particles and then coated with layers of releasing agent (wax) for easy removal (Demolding) of the composite. 
 
2.2.2. Okra-Epoxy Composite Specimen Preparation 
The okra fibers were chopped to various lengths of 10mm, 20mm, 30mm, 40mm and 50mm respectively. Preliminary loading of 
the short okra fiber in the pre-calculated matrix showed that the mean loading capacity was 15 wt %, compared to the 20.4 wt % 
reported by Srinivasababu et al., [11]. 
The total fiber weight was maintained at 15 wt % of the total composite weight. The various lengths of the fibers were then 
weighed to the corresponding weight based on the total weight of the matrix required for the 4mm and 10mm composite samples 
thickness respectively. 
The composite samples were made respectively by mixing the pre calculated volume of epoxy and hardener in the ratio of 5:1 by 
weight in a plastic cup and stirred thoroughly for 10 minutes. A portion of the mixture was poured into the prepared mould and 
some quantity of the weighed 10mm fiber was loaded in random orientation.  Brush was used to apply the matrix to ensure the 
fibers were properly coated with the matrix. The procedure was repeated until the remaining fiber and the matrix was exhausted. 
The sample was cured at room temperature for 24 hours under load. It was then demoulded and further post-cured in an oven at 
700C for 3 hours. The procedure was repeated for the 20mm, 30mm, 40mm and 50mm fibers lengths respectively. 
 
2.2.3. Okra/Glass-Epoxy Hybridized Composite Specimen Preparation 
The okra and glass fibers were chopped to 20mm fiber lengths respectively. Based on the 15 wt % fiber loading established, okra 
and glass fibers’ weight were varied and calculated based on the following ratios (90:10, 80:20, 70:30, 60:40 and 50:50) 
respectively. The calculated amount of the various ratios were weighed and used to produce the hybrid composites. 
The composite samples were made respectively by mixing the pre calculated volume of epoxy and hardener based on thein the 
ratio of 5:1 in a plastic cup and stirred thoroughly for 10 minutes. A portion of the mixture was poured into the prepared mould 
and some quantity of the weighed hybridized 90:10 (okra:glass) fiberwas loaded in random orientation using hand lay-up method.  
Brush was used to apply the matrix to ensure the fibers were properly coated with the matrix. The procedure was repeated until 
the remaining fiber and the matrix was exhausted. The sample was cured at room temperature for 24 hours under load. It was then 
de-molded and further post-cured in an oven at 700C for 3 hours. The procedure was repeated for the other hybridized okra: glass 
fibersratio of 80:20, 70:30, 60:40 and 50:50 respectively. 
 
2.3. Characterization 
Tensile testing of the composite specimens was carried out using an Instron Machine Model 3369, System Number 3369K1781, 
Capacity 50kN, Maximum speed 500mm/min, located at Center for Energy Research and Development (CERD) OAU Ile-Ife 
Osun State Nigeria using ASTM D638. 
Water absorption test was conducted using the procedure outlined in accordance with ASTM D570-98. Equation 1 was used to 
establish the percent water absorbed. Where wi is initial weight of dry sample and wf is final weight of wet sample. 

% water absorption = 
 

…………………………. 1 
All the results were taken as the average of 3 samples for each testing. 
 
3. Results and Discussion 
 
3.1. Tensile Strength 
Figure 1 presents the effect of varying fiber length on the tensile strength of the short okra fiber composite. The result of the test 
showed that the 20mm fiber length composite has the highest average tensile strength value of 10.707MPa as compared to other 
composites reinforced with the 10mm, 30mm, 40mm and 50mm respectively. There was an increase in thetensile strength from 
the 10mm fiber to a maximum peak at 20mm and then a downward trend was observed. The observed decrease could be attributed 
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to improper fiber wetting due to increased fiber entanglement with length as well as the possibility of increasing fiber-rich and/or 
matrix-rich  areas within the composite [12]. 
 

 
Figure 1: The effect of fiber length on the tensile  strength of the composite 

 
Figure 2 presents the effect of okra/glass fibers hybridization ratio on the tensile strength of the composite. There was an 
increasing tensile strength value with an increasing percentage of glass fiber content.The result showed that the 50:50 okra-glass 
fiber ratios exhibited the highest tensile strength of 12.358MPa.It was 15.42% higher than the un-hybridized composite. The 
increase could beattributed to the stronger and stiffer characteristics of the glass fibers compared to the okra fibers [13]. Glass 
fiber adherence to the matrix is better when compared to okra fiber and the interfaces between the fiber and the matrix is more 
(surface area of contact). Hence, it is difficult for the prevailing forces to pull glass fibers from the matrix in the hybrid composite 
compared to that of okra fibercomposite [14]. 
 

 
Figure 2: Effect of glass fiber hybridization on the tensile strength of the composite 

 
3.2. Modulus of Elasticity (MOE) 
Figure 3 presents the effect of varying fiber length on the MOE of the okra fiber epoxy composite. The 20mm fiber length 
exhibited the highest modulus of elasticity of 698.83MPa. This suggests that the 20mm fiber length composite exhibit higher 
degree of stiffness compared to the rest composites reinforced with the 10mm, 30mm, 40mm and 50mm fiber lengths. This was 
due to the fiber entanglements prevalent at longer fiber length [15] and this may also be attributed to the strong stress fields 
developed at the ends of the fibers in the composite beyond 20mm fiber length which made the composite samples less tough [16] 
and shorter fiber are said to move to optimized position in a composite than longer fiber [17]. 
 

 
Figure 3: The Effect of fiber length on the MOE of short okra fiber reinforced epoxy composite 
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Figure 4 presents the effect of okra/glass fibers hybridization ratio on the MOE of the composite. The 50:50 ratios exhibited the 
highest MOE of 751.9823MPa.It was 7.6% higher than the un-hybridized composite. Glass fiber has a higher tensile modulus than 
the okra fiber and the incorporation of the high modulus glass fiber increases the modulus of elasticity of the composite. As glass 
fiber isthe stiffer component in the composite, resistance towards deformation increases with increase in glass fiber content,this 
consequently increased the stiffness of the composite [18]. 
 

 
Figure 4: Effect of glass fiber hybridization on the MOE of  the composite 

 
3.3. Extension at Break 
Figure 5 shows the variation of extension at break of the composite to the fiber length.  It was observed that the 40mm has the 
highest extension at break of 10.2425mm corresponding to 25.6% elongation. The 20mm fiber length composite has the least 
extension at break which corresponds to 8.9% elongation. The stiff nature of the composite as was observed from the MOE result 
could be responsible for this observation. This could also be attributed to improper fiber wetting as well as the possibility of 
increasing fiber-rich and/or matrix-rich areas within the composite [12]. 
 

 
Figure 5: Effect of fiber length on the elongation at break of short okra fiber reinforced epoxy composite 

 
Figure 6 presents the effect of okra/glass fibers hybridization ratio on the elongation at break of the composite.There was a 
decrease in the elongation of the composite by 59.5% at 90: 10 okra: glass fibers hybridization ratio when compared to the un-
hybridized composite. The negative hybrid effect was observed up tothe 70: 30 okra: glass ratio and on further increase in the 
glass fiber content, a positive hybrid effect was observed. The decreasing elongation is attributed to the lower elongation value of 
the glass fibers compared to those of the natural fiber and the matrix used [19]. This also indicates that the ductile nature of the 
okra fibers decreases with the addition of the glass fiber. 
 

 
Figure 6: Effect of Glass Fiber Hybridization on the Elongation at Break of the Composite 
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3.4. Water Absorption 
The result of the effect of fiber length on the water absorption behavior of the composite is presented in Figure 7. It shows a 
decreasing trend from the 10mm composite with 7.6% to the 20mm composite having 4.3%. The 40mm fiber length composite 
has the highest percentage moisture uptake of 22%. The low moisture uptake of the 20mm fiber length composite is attributed to 
the improved interfacial adhesion that reduces water accumulation in the interfacial voids and prevents water from entering the 
composite [20] and the increasing moisture absorption may be attributed to the inability of the matrix material to completely 
saturate the fiber at higher fiber length [12]. 
 

 
Figure 7: Effect of fiber length  on water absorption of the short okra reinforced epoxy hybrid composite 

 
Figure 8 present the effect of okra/glass fibers hybridization ratio on the water absorption behavior of the composite.The 50:50 
okra: glass fiber ratio exhibited the least percentage water absorption capacity of 2.586%. It is 66.35% less than the un-hybridized 
okra fiber composite. This is due to the decreasing quantity of the hydrophobic component of the composite [13]. Fibers in these 
composites are arranged in a closed packed manner in which the water impermeable glass fiber acts as barriers and prevents the 
contact between water and the hydrophobic natural fibers, which explains the decreasing water absorption properties of the 
composite with increasing glass fiber content [2]. 
 

 
Figure 8: Effect of glass fiber hybridization on water absorption of short okra/glass fiber hybridized composite 

 
4. Conclusion 
Mechanical and water absorption properties of short okra fiber reinforced epoxy matrix composite at 15 wt % fiber loading and 
varying fiber lengths from 10mm to 50mm and hybridization ratios range of 90: 10 to 50: 50 okra: glass ratios have been 
investigated. 
The tensile strength, extension at break, modulus of elasticity and the water absorption properties were observed to have been 
greatly influenced by the length of the fibers and the hybridization ratios used in the reinforcement. 
The optimal tensile strength, modulus of elasticity and water absorption properties for the short okra fiber reinforced epoxy 
composite was observed at20mmand 40mm for the extension at break respectively. For the hybridized composite, the 50: 50 
hybridization ratios exhibited the optimal properties for the tensile strength, modulus of elasticity, elongation at break and water 
absorption characteristics under the present experimental conditions adopted hence 20mm fiber length and the 50: 50 okra: glass 
hybridization ratios are the optimal critical fiber length and the hybridization ratios respectively. 
The properties of the hybrid composite made it suitable for applications in the building and architectural sectors. The composite 
can be used as a substitute for hardwood, which is currently used as architectural features in buildings, hence preserving the 
environment. They can also be used as architectural landscaping in public and private constructions due to their minimal water 
absorption, swimming pool surrounding, walkway paths, and panels for partitioning. 
 
 
 
 
 



 The International Journal Of Science & Technoledge      (ISSN  2321 – 919X)   www.theijst.com                
 

265                                                        Vol 2 Issue 7                                                      July, 2014 
 

5. References 
1. GovardhanGoudand R N Rao, (2012). Mechanical and Electrical Performance of Roystonearegia/Glass Fibre Reinforced 

Epoxy Hybrid Composites. Indian Academy of Sciences Bulletin ofMaterial Science, 35(4):595–599. 
2. S.Mishra, A.K Mohanty, L.T Drzal, M. Misra, S. Parija, S.K Nayak and S.S Tripathy, (2003). Studies on the Mechanical 

Performance of Biofiber/Glass Reinforced Polyester Hybrid Composites. Journal of Composite Science and Technology, 
63: 1377-1385 

3. M Ashok Kumar, G Ramachandra Reddy, Y.SivaBharathi, S.Venkata Naidu and V. Naga Prasad Naidu,( 2010). 
Frictional Coefficient, Hardness, Impact Strength and Chemical Resistance of Reinforced Sisal/Glass Fiber Epoxy 
Hybrid Composites.Journal of Composite Material, 46:  3195 – 3202. 

4. Dip Saikia, (2010). Studies of Water Absorption Behavior of Plant Fibers at Different Temperatures.International Journal 
of Thermophysics, 31: 1020 – 1026 

5. Igor Maria De Rosa, José M. Kenny, Debora Puglia, Carlo SantulliandFabrizioSarasini, (2009). Morphological, Thermal 
and Mechanical Characterization of Okra(Abelmoschusesculentus) Fibres as Potential Reinforcement in Polymer 
Composites.Journal of Composite science and Technology,doi:10.1016/j.compscitech.2009.09.013 

6. M ShamsulAlam and G.M Arifuzzaman Khan,(2007). Chemical Analysis of Okra Bast Fiber (Abelmoschusesculentus) 
and its physiochemical PropertiesJournal of Textile and Apparel Tech and Management. 5(4). 

7. AArbelaiz, B. Fernandez, J.A Ramos, ARetegi, R. Llano-Ponte and I. Mondragon, (2005). Mechanical Properties of 
Short Flax bundle/Polypropylene Composites: Influence of Matrix/Fiber Modification, Fiber Content, Water Uptake and 
Recycling.Journal of Composites Science and Technology, 65(10): 1582-1592. 

8. P.V Joseph, G. Mathew, K. Joseph. S. Thomas and P. Pradeep,(2003).Mechanical Properties of Short Sisal Fiber-
Reinforced Polypropylene Composites: Comparison of Experimental data with TheoreticalPrediction.Journal of Applied 
Polymer Science, 88(3): 602-611. 

9. M.R Ishak, Z. Leman, S.M Sapaun, A.M.M Edeerozey and I.S Othman, (2010). Mechanical Properties of KenafBast and 
Core Fibers Reinforced Unsaturated Polymer Composites. In the Proceeding of 9th National Symposium on Polymeric 
Materials (NSPM 2009). IOP Conference Series: Materials Science and Engineering 11. 

10. H. RaghavendraRao, M. Ashok Kumar and G. Ramachandra Reddy, (2011). Hybrid Composites: Effect of Fibers on 
Mechanical Properties. International Journal of Macromolecular Science. 1(1): 9 – 14. 

11. N. Srinivasababu, K. Murali Mohan Rao and J Suresh Kumar, (2009). ExperimentalDetermination of Tensile Properties 
of Okra, Sisal and Banana Fiber Reinforced Polyester Composites. Indian Journal of Science and Technology 2(7):35-38. 

12. M. Sumaila, I. Amber, M. Bawa, (2013). Effect of Fiber Length on the Physical and Mechanical Properties of Random 
Oreinted, Nonwoven Short Banana (musabalbisiana) Fiber /Epoxy Composite. Asian Journal of Natural & Applied 
Sciences, 2(1):39-49. 

13. KasamaJarukumjorn and NitinatSuppakarn, (2009). Effect of Glass Fiber Hybridization on Properties of Sisal Fiber – 
Polypropylene Composites.Composite: Part B 40:  623 – 627. 

14. Ravishankar R, Dr K Chandrashekara, and Rudramurthy, (2013). Experimental Investigation and Analysis of Mechanical 
properties of Injection Molded jute and Glass Fibers Reinforced Hybrid Polypropylene Composites.International Journal 
of Mechanical Engineering and technology (IJMET), 4(4): 197 – 208 

15. Joseph P.V, Kuruvilla J and Thomas S, (1999). Effect of Processing Variables on the Mechanical Properties of Sisal 
Fiber Reinforced Polypropylene Composite.Composite Science and Tech. 59(11): 1625 – 1640. 

16. Abdelmouleh, M., Boufis, S., Belgacem, M.N, and Dufresne, A, Short Natural-Fibre Reinforced Polyethylene and 
Natural Rubber Composites: Effect of Silane Coupling Agents and FiberLoading.Composite Science and Technology, 
67(7-8), 1627-1639. 

17. Shibata, S., Y. Cao, and I. Fukumoto,(20050.Press forming of short natural Fiber-reinforced BiodegradableResin: Effects 
of Fiber Volume and Length on Flexural Properties.Polymer Testing, 24(8): 1005-1011. 

18. Nara Ravi Kumar, PinjalaTejumurthi, B andRaghavaRao, (2012). Investigation on Mechanical Properties of Short Vakka 
Fiber – Glass Reinforced Hybrid Thermoplastic Composites.International Journal of Engineering Research and 
Technology (IJERT) 1(7): 

19. Kalaprasad G, Kuruvilla Joseph andSabu Thomas, (1997).  Influence of Short Glass Fiber Addition on the Mechanical 
Properties of Sisal Reinforced low Density Polyethylene Composites. Journal of Composite Materials. 31(5): 509 – 527. 

20. Thwe M.M and Liao K, (2003). Durability of Bamboo/Glass Fiber Reinforced Polymer Matrix hybrid Composite. 
Journal of Composite Science and Technology 63(3-4), 375-387 

 
 
 
 
 
 
 
 
 


