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Abstract: Kenaf fiber epoxy composites were fabricated 

for ankle foot orthosis, testing five volume fractions (0%, 

10%, 20%, 30%, 40%). Results showed increasing voids 

with fiber content. 40% kenaf had highest tensile 

strength (89 MPa). Flexural strength peaked at 30% 

(148 MPa). MOORA optimization ranked 40% best for 

physical and mechanical properties 

 

INTRODUCTION 

 

1.1 Introduction to composites 

Composites are multiphase materials with a matrix 

(binder) and reinforcement, offering high strength-to-

weight ratio, toughness, corrosion resistance, and ease 

of fabrication. Common in aerospace, automotive, 

marine, medical, and construction industries, their 

properties depend on constituent materials, amounts, 

and reinforcement geometry. Natural examples 

include bones and wood. 

 

 
Fig 1.1: Composite materials 

 

1.2 Classification of composites 

Composites are broadly classified in two ways:- 

1. Type of reinforcement 

2. Type of matrix 

According to the type of reinforcement, composites 

are further classified in two types as shown in figure 

1.2. 

i. Particulate reinforced composite 

ii. Fiber reinforced composite 

 

 
Fig 1.2: Classification of composite on the basis of reinforcement 

 

1.3 Orthosis 

Composites are multiphase materials with a matrix 

(binder) and reinforcement, offering high strength-to-

weight ratio, toughness, corrosion resistance, and ease 

of fabrication. Common in aerospace, automotive, 

marine, medical, and construction industries, their 

properties depend on constituent materials, amounts, 

and reinforcement geometry. Natural examples 

include bones and wood. 
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Fig 1.3: Classification of orthosis devices. 

 

1.4 Ankle foot orthosis (AFO)  

Ankle Foot Orthosis (AFO) is a device used to support 

and correct ankle deformities, improving gait. AFOs 

are classified into passive, semi-active, and active 

types. Passive AFOs are rigid and inexpensive, while 

semi-active and active AFOs incorporate actuators and 

sensors for flexibility, control, and improved gait but 

are bulkier and costlier. 

 
Fig.1.4 Type of AFOs (a) Passive AFO and (b) Active or articulate AF 

 

LITERATURE REVIEW 

2.1 Effect of materials and fabrication techniques on 

the performance of ankle foot orthosis (AFO) 

 

Ankle foot orthosis is assistive device which is used to 

correct lower limb deformities. AFOs serve different 

purposes such that support the limb, improve gait of 

patients, resists unwanted movement of joints in 

fracture, etc. Currently different type of materials such 

polymers, metals and carbon fibers are used for 

fabrication of AFO. Fabrication techniques such as 3D 

printing, pre-preg technique, and thermoforming used 

in AFO fabrication. Fabrication technique and 

materials greatly affect the performance of AFO which 

is shown in table 2.1. 

Table 2.1: Overview of materials and techniques used for ankle foot orthosis (AFOs) 
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2.2. Natural fiber reinforced composite material as an 

alternate material for ankle foot orthosis.  

 

Natural fibers like kenaf, jute, and flax are 

lightweight, eco-friendly, and cost-effective 

alternatives to carbon and glass fibers. Treatments 

and hybridization enhance their properties, making 

them ideal for ankle foot orthoses. 

 

Table 2.2: Overview of mechanical properties of kenaf fiber reinforced composites. 
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MATERIALS AND METHODOLOGY 

3.1 Properties of Selected Materials  

Literature shows high potential for kenaf fiber-epoxy 

composites as sustainable alternatives to carbon or 

polymer-based materials for ankle foot orthoses.  

 

3.1.1 Matrix material  

Matrix material used in the study was epoxy resin 

(Lapox L-12) with chemical name Bisphenol 

diglycidly ether and K-6 was used as hardener. This 

Epoxy resin and K-6 hardener were purchased from 

AES, Bengaluru.  

 

Table 3.1: Physical and mechanical properties of 

epoxy resin Lapox L- 12 [Atul Ltd data sheet] 

Properties Values 

  

Viscosity (MPa s) 9000 - 12000 

Density (g/cc) 1.1 - 1.2 

Tensile strength (MPa) 70-80 

Flexural strength (MPa) 140 - 150 

Impact strength (KJ/m2) 18-20 

Elastic modulus (GPa) 4-4.8 

Elongation at break (%) 2.5-5 

  

 

3.1.2 Reinforcement material  

Kenaf fiber, derived from the bast of Hibiscus plants 

in the Malvaceae family, is a cost-effective, 

commercially available natural fiber. Sourced from 

Gogreen Products, it grows 2.5–4.0 m tall in tropical 

and subtropical Asia and Africa. 

 

 
Fig 3.1: Raw kenaf fiber 

 

Table 3.2: Physical and mechanical properties of 

kenaf fiber. 

Properties Values 

  

Density (g/cc) 1.2    1.4 

Cellulose (%) 51  52 

Hemicellulose (%) 20.3    21.5 

Lignin (%) 17 

Tensile strength (MPa) 223 - 930 

Young’s modulus (GPa) 20 

Elongation at break (%) 9.3    12.3 

Moisture absorption (%) 12  14 

 

3.2 Chemical treatment of fiber 

Kenaf fibers exhibit poor matrix compatibility, 

improved by chemical treatments. In this study, raw 

kenaf fibers (1–2 m bundles) were treated with 6% 

NaOH solution for 24 hours, rinsed with distilled 

water, and sun-dried for 48 hours to enhance 

adhesion between fiber and matrix. 

 
Fig 3.2: Treated kenaf fiber 

 

3.3 Fabrication technique 

Kenaf fiber reinforced composites were fabricated 

with 0%, 10%, 20%, 30%, and 40% fiber weight 

fractions using the hand lay-up technique. Treated 

fibers were cut to 200 mm, weighed, and layered 

unidirectionally in a steel mold (200 mm × 200 mm 

× 3 mm). A polyethylene sheet and silicone-based 

release spray ensured easy demolding. Fibers were 

immersed in Lapox L-12 epoxy resin and K-6 

hardener (10:1 ratio), and a steel roller removed air 

bubbles. Dead weights flattened the surface during 
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curing. Samples were demolded after 24 hours, cut to 

ASTM standards, and tested for mechanical 

properties. Steps were repeated per fraction. 

 

3.4 Physical and mechanical characterisation 

 

3.4.1 Void contents 

Voids in composites arise from air entrapment or 

reinforcement clustering during fabrication. They can 

be minimized using proper placement and rolling. 

Void content is calculated using a theoretical formula 

based on material densities. 

 

 
 

Theoretical density of a composite is calculated by 

formula given below:- 

 

 
 

3.4.2 Tensile Test 

 

Tensile strength measures a material's resistance to 

breaking under tension, expressed in Pascals (N/m²). 

Ultimate tensile strength is the ratio of maximum 

load to original cross-sectional area. Tensile tests 

were conducted according to ASTM D638 standard, 

using specimens (165 mm × 19 mm × 3 mm) on a 

universal testing machine (UTM) with 100 KN 

capacity. 

 

 
Fig 3.3: Tensile specimens 

 

 
Fig.3.4: Tensile test set up on UTM at NER 

workshop. 

 

3.4.3 Flexural test 

 

Flexural strength is a material property which is 

defined as the maximum bending stress that can be 

applied to that material before it yields. Flexural 

strength is also known as bend strength or modulus 

of rapture. 3 point bending test has been performed 

as per ASTM D790 standard. Sizes of specimens 

were 127 mm × 12.7 mm × 3 mm (Fig 3.5). Flexural 

test of composite performed at NER Workshop on 

universal testing machine equipped with maximum 

load capacity of 100 KN (figure 3.6). The flexural 

strength also can be determined by equation 3.3. 
 

 
 

Where, P denotes maximum load, width of specimen 

is w, thickness of specimen is t and L denotes span 

length of the sample. 
 

 
Fig 3.5: Flexural test specimens 
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Fig.3.6: Flexural test set up on UTM at NER 

workshop 

 

SUMMARY AND CONCLUSION 

 

Summary and Conclusion of research work 

 

In this research work kenaf epoxy composite has 

been presented as an alternate material for orthosis 

especially ankle foot orthosis. The overall conclusion 

from this research work is summarized as follows:- 

 

1. The kenaf fiber epoxy composite has been 

fabricated using hand lay-up technique with 

Lapox L-12 as matrix material and kenaf fiber as 

reinforcing material. 

 

2. Composite has been fabricated for different 

volume fractions of kenaf fibers i.e. 0%, 10%, 

20%, 30% and 40%. Fibers placed in 

unidirectional manner in the epoxy matrix and 

compressed with dead weight. 

 

3. In present research work different physical and 

mechanical properties such as void content, 

ultimate tensile strength and flexural strength 

were determined by experimental set up for 

varying fiber volume fractions (0%, 10%, 20%, 

30% and 40%). of kenaf epoxy composite. 

 

4. Void contents have been increased with increase 

in fiber volume fraction. Void content increases 

from 0.434 % for 0 % kenaf fiber volume 

fraction to 1.323 % for 40 % kenaf fiber volume 

fraction. 

 

5. It has been observed that ultimate tensile 

strength increases from 43 MPa for 0% kenaf 

fiber volume fraction to 89 MPa for 40% kenaf 

fiber volume fraction. Flexural strength 

increases from 76 MPa for 10% kenaf fiber 

volume fraction to 148 MPa for 30 % kenaf fiber 

volume fraction. Futher increase in fiber volume 

fraction to 40 % results in decrease of flexural 

strength to 143 MPa. 

 

6. Finally, MOORA technique has been used to 

find optimal result for the combination of 

physical and mechanical properties of fabricated 

kenaf fiber reinforced epoxy composite. It has 

been found that 40 % fiber volume fraction 

composite is the best alternative among four 

different volume factions. The sequence 

obtained from MOORA technique is 40% > 30% 

> 20% > 0% > 10% of kenaf fiber volume 

fraction. 

 

7. Mechanical and physical properties obtained by 

various mechanical tests have been compared 

with previously used materials by different 

researchers for ankle foot orthosis. 
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