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1. INTRODUCTION 
 

Composites Definition: 

Composite materials are materials made from two or more component materials with 

significantly dissimilar physical or chemical properties, that when combined, produce a 

material with characteristics different from the individual components. The individual 

components remain separate and distinct within the finished structure. A composite 

material is a macroscopic combination of two or more different material, having a 

recognizable interface between them. A composite is a material which is made up of two 

or more distinct (i.e. macroscopic, not microscopic) materials. A familiar composite is 

concrete, which is basically made up of sand and cement. 

Polymer composites are plastics within which there are embedded fibres or particles. The 

plastic is known as the matrix, and the fibres or particles, dispersed within it, are known as 

the reinforcement. The reinforcement is usually stiffer than the matrix, thus stiffening the 

composite material. This stiffer reinforcement is usually laid in a particular direction, 

within the matrix, so that the resulting material has different properties in different 

directions. This characteristic is usually exploited to optimize the design. 

Polymer matrix composites (PMCs) are materials that use a polymer based resin as a matrix 

material with some form of fibres embedded in the matrix, as reinforcement. Both 

thermosetting and thermoplastic polymers can be used for the matrix material. Common 

polymer composite thermosetting matrix materials include polyester, vinyl ester and 

epoxy. Polymer composite thermoplastic matrix materials include PPEK, PEI and PPS. 

Reinforcements include glass, carbon and aramid fibres. 

 APPLICATION OF COMPOSITES: 

1. Application of composites in the field of mining and metallurgy. 

2. Application of composites to water hydraulic elements and water tanks as 

shown in Figure 1:3. 
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3. Used in cryogenics fuel tank because composite fuel tanks are 10-25% lighter 

compared to alluminium tanks. 

4. Used in mililitary for helmet as shown in Figure 1:1 due to their unique 

properties. 

5. Used in automotive industries due to their decrease in weight which permit both 

energy convertion and increased motor economy. 

6. Used for transparent roofs as shown in Figure 1:2. 

7. A substantial amount of GRP is currently use in chemical plants for containers, 

pressure vessels,pipe works, valves etc.. 

8. Mostly applied in the field of construction/civil purpose. 

Current applications of composites 

 

 

 

 

 

Figure 1:1 Light weight composite military helmet  

 

 

 

 

Figure 1:2  transparent roof 
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mills, for getting converted to Jute yarn and Hessian. There is around 5.6 thousand tons of 

jute production per year in Ethiopia. 

Jute is a hydrophobic material and moisture absorption alters the dimensional and 

mechanical characteristics of jute fibers laminate (Mir, Zitoune, Collombet, Bezzazi, 

2010). Several studies have shown that the strength and stiffness of natural fiber reinforced 

composites are comparable with those of glass fiber composites on a per-weight basis 

(Joshi, Drzal, Mohanty, & Arora, 2004) (Wambua, Ivens, & Verpoest 2013). Hence, 

natural fibers have emerged as a green alternative to glass fiber for the production of certain 

semi-structural parts in various industries such as automotive, packaging and construction 

(Bledzki, Faruk, &, Sperber, 2006) (Holbery, & Houston, 2006) (Huda, Drzal, Ray, 

Mohanty, & Mishra, 2008). 

Studies have generally addressed hybridizing of fibers for the purpose of improving the 

performance of natural fiber composites and expand their industrial usage. One of the most 

effective methods used for improving the properties of natural fiber composites is 

hybridization which combines at least two different fiber types in a matrix to achieve 

optimum properties. Several studies have shown that combining natural and synthetic 

fibers improves the resulting composite properties and compensates for the weak properties 

of natural fibers (Maries Idicula,Malhotra,Kuruvilla Joseph,& Sabu Thomas,2005). 

Sisal/jute fiber composites are environment friendly and user-friendly materials and have 

very good elastic properties (Sabeel, Ahmed, Vijayarangan, & Naidu, 2007).Sisal fiber is 

the promising reinforcement because of low density, high specific strength, no health 

hazards and finding applications in making of ropes, mats, carpets, baskets and fancy 

articles like bags etc(Yan Li, Yiu-Wing Mai,& Lin Ye, (2000). 

So to understand the behavior of the composite materials under different loading conditions 

and because composite materials are produced by different manufacturers and there are 

different species of natural fibers , studying the mechanical and physical properties natural 

fiber composite becomes vital.  
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2. LITERATURE REVIEW  
 

Different researches has been done so far about hybrid composites and those literatures can 

be classified as follows with different categories. 

2.1 Natural Fibre Hybrid Composite Based on Epoxy Resin 

Many researchers have been working on the area of composite particularly on natural fibres 

based on epoxy matrix those are: 

(Jawaida, Abdul Khalil, & Abu Bakar, 2011), have experimentally investigated the tensile 

and flexural performance of tri layer oil palm empty fruit bunches (EFB)/woven jute (Jw) 

fiber reinforced epoxy hybrid composites subjected to layering pattern has been 

experimentally investigated. Sandwich composites were fabricated by hand lay-up 

technique in a mold and cured with 1050C temperatures for 1 hour by using hot press. Pure 

EFB and woven jute composites were also fabricated for comparison purpose. Results 

showed that tensile and flexural properties of pure EFB composite can be improved by 

hybridization with woven jute fiber as extreme woven jute fiber mat. It was found that 

tensile and flexural properties of hybrid composite is higher than that of EFB composite 

but less than woven jute composite. 

Effect of woven jute fabrics on tensile and flexural properties of oil palm EFB/woven jute 

fabrics reinforced epoxy composites was studied with different layering pattern of fiber. It 

is clearly observed from results that incorporation of woven jute fiber in pure EFB 

composites enhanced the tensile and flexural properties of hybrid composites. Layering 

pattern (EFB/Jw/EFB and Jw/EFB/Jw) significantly affects the tensile and flexural 

properties. Comparison between the tensile and flexural properties of hybrid composites 

indicated that the hybrid composites with two skin layer on either side is better combination 

with good tensile and flexural properties. 

It also observed that the tensile and flexural properties of the pure woven jute composite 

are the highest compared to all other composites. 

(Venkateshwaran, ElayaPerumal, Alavudeen, & Thiruchitrambalam, 2011). For taking the 

length of the fiber and weight percentage as main constituent. They have reported the 

hybridization of sisal fiber with banana/epoxy composites up to 50% by weight increasing 
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(172.2 MPa). As far as the individual fiber is concerned, kenaf fiber-reinforced composites 

had a better flexural strength than banana fibers and this could be due to the densified 

structure of the kenaf fiber. 

Incorporating banana and kenaf fibers in the hybrid leads to a greater capacity for 

withstanding compressive strength and provides an increased resistance to shearing. 

Tensile, flexural and impact strengths of the woven hybrid composite of banana/kenaf 

fibers are superior to those of the individual fibers. 

(Shanmugam ,& Thiruchitrambalam,2013), alkali treated continuous Palmyra Palm Leaf 

Stalk Fiber (PPLSF) and jute fibers were used as reinforcement in unsaturated polyester 

matrix and their static and dynamic mechanical properties were evaluated. 

Continuous PPLSF and jute fibers were aligned unidirectional in bi-layer arrangement and 

the hybrid composites were fabricated by compression molding process. 

Flexural tests were conducted as per ASTM: D790 standards using Instron universal testing 

machine of capacity 20 kN,Tensile properties of the continuous unidirectional bi-layer 

hybrid composites were determined using Instron tensile tester with a cross head speed of 

5 mm/min, operated at 25 0C and 65 0C ± 2 0C RH. Tests were conducted as per ASTM: 

D638. Five specimens were tested in each bi-layer composite and average values are 

reported. 

The flexural properties of the continuous unidirectional bilayer alkali treated PPLSF/jute 

hybrid composites are presented here .from the experiment Hybrid composites reinforced 

with 75% of jute fibers (P25J75) exhibits maximum flexural strength, which is 56% more 

than the P100 composites. It was observed that in all the hybrid composites the flexural 

strength increased on increasing the jute fiber content. The flexural strength increased by 

11% and 38% for P75J25 and P50J50 composites respectively. Similarly the flexural 

modulus of the hybrid composites increased when jute content was increased, but the 

increase was only marginal. 

The flexural modulus increased by 10%, 17% and 19% for P75J25, P50J50 and P25J75 

composites respectively in comparison to the P100 composites. 

From tensile test positive hybrid effect was observed for the composites. It can be noted 

that increasing the jute fiber content in the composite resulted in increase in tensile strength 
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of the composites. The tensile strength increased by 6%, 12% and 46% for P75J25, P50J50 

and P25J75 composites respectively compared to the P100 composites. For the P25J75 bi-

layer composites, the tensile strength was found to be 83.26 MPa, which is comparable to 

J100 composites. 

(Maries Idicula, Malhotra, Kuruvilla Joseph, Sabu Thomas, 2005), Chopped banana and 

sisal fibres of 30-mm length were used to prepare the composites. Hand lay-up method 

followed by compression molding was adopted for composite fabrication. The curing of 

polyester resin was done by incorporation of one volume percent methyl ethyl ketone 

peroxide (MEKP) catalyst. One volume percent cobalt naphthenate (accelerator) was also 

added. Composites having different fibre content were prepared by varying the volume 

fraction of fibres from 0.20 to 0.50 by keeping the volume ratio of banana and sisal as 1:1. 

Keeping the fibre volume fraction constant at 0.40, composites were prepared by varying 

the volume ratio of the two fibres. The fibres were chopped and air-dried at 500C for 5 h. 

It is intimately mixed together and mats were prepared. It was then impregnated with 

polyester resin in a mold having dimensions 150mm *150 mm * 3 mm, the air bubbles 

were removed carefully with a roller and the mold was closed. Curing was done at a 

temperature of 300C for 24 h under constant pressure (10 kg/cm2). Rectangular specimens 

having size 60 mm*10 mm *3 mm were used for the dynamic mechanical experiments. 

Dynamic mechanical thermal analyzer was used for the evaluation of dynamic moduli and 

mechanical damping. Three point-bending modes were used. They are taking volume 

fraction of the fiber content as prime factor and observed that the highest tensile and 

flexural modulus at 0.4 volume fraction and also indicated the sisal/polyester composite 

having maximum damping value and impact strength than banana fiber polyester hybrid 

composites. The sisal/banana hybrid natural fiber composite specimens are prepared with 

different ratios by taking 0.4 volume fraction and tensile properties of these hybrid natural 

fiber composites are examined by using Rule of Hybrid Mixture (ROHM)(Kasama 

Jarukumjorn, & Nitinat Suppakarn, 2009). It was predicted the ROHM equation gives the 

tensile properties of the hybrid composites slightly higher than the experimental values.( 

Murali Mohan Rao, Mohana Rao, Ratna Prasad, 2010), have also taking the same factor 

and they reported the tensile properties of vakka fiber composites increase with volume 

fraction of fiber and more than the sisal/banana fiber composites. Whereas the flexural 
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 The aim of this study is to evaluate mechanical properties such as tensile and flexural properties of 

hybrid glass fiber-sisal/jute reinforced epoxy composites. Microscopic examinations are carried out 

to analyze the interfacial characteristics of materials, internal structure of the fractured surfaces and 

material failure morphology by using Scanning Electron Microscope (SEM). In this investigation 

sisal-glass epoxy and jute-glass epoxy composites is fabricated and their mechanical properties are 

compared and presented in detail. 

The sisal/GFRP and jute/GFRP hybrid composite specimens are prepared and subjected to 

tensile and flexural loading. 

From the experiment, the following conclusions are derived. 

The sisal/GFRP composite samples possess good tensile strength and can withstand the 

strength up to 68.55 MPa. The jute/GFRP composite specimen is holding the maximum 

flexural load of 1.03KN slightly higher than the sisal/GFRP composite sample. 

The failure morphology of the tested samples is examined by using Scanning Electron 

Microscope. From the results, it can be concluded that sisal-GFRP composites performing 

better for tensile loading and jute-GFRP composites performing better for flexural loading. 

The performance of these natural fiber composites is lower than that of the GFRP, it has 

been used in many application which requires medium strength. The results indicated that 

the incorporation of sisal fiber with GFRP exhibited superior properties than the jute fiber 

reinforced GFRP composites in tensile properties and jute fiber reinforced GFRP 

composites performed better in flexural properties. They have shown the incorporation of 

natural fibers such as sisal/jute with glass fiber composites has gained increasing 

applications. 

(Bragaa, & Magalhaes, 2015), this work describes the study to investigate and compare the 

mechanical and thermal properties of raw jute and glass fiber reinforced epoxy hybrid 

composites. To improve the mechanical properties, jute fiber was hybridized with glass 

fiber. Epoxy resin, jute and glass fibers were laminated in three weight ratios (69/31/0, 

68/25/7 and 64/18/19) respectively to form composites. The tensile, flexural, impact, 

density, thermal and water absorption tests were carried out using hybrid composite 

samples. 
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The investigation deals about the mechanical, thermal properties and water absorption 

property was studied for jute fiber and glass fiber reinforced epoxy hybrid composites. 

The density of E69-J31-V0 composite with more percentage of jute fiber is better at 7.66% 

in relation of E68-J25-V7 composite and 19.57% in relation of E64-J18-V19 composite. 

The impact energy of E64-J18- V19 composite with more percentage of glass fiber is better 

only at 2.62% in relation to E68-J25-V7 composite and 59.50% in relation to E69-J31-V0 

composite. The mechanical properties increased with more proportions of glass fibers, the 

tensile strength increased 68.70% to the E68-J25-V7 composite and a further increase of 

92.01% to E64- J18-V19 composite in relation to E69-J31-V0 composite. The flexural 

strength did not have a significant increase, which was only 1.99% to E68-J25-V7 

composite and 2.24% to E64-J18-V19 composite in relation to E69-J31-V0 composite. 

In terms of thermal properties, the composite E69-J31-V0withmore percentage of jute fiber 

lost more mass in function of temperature and the composite with more percentage of glass 

fiber E64-J18-V19 lost less weight with increasing temperature. After 1172 h of immersion 

in water, the absorption of E69-J31-V0, E68-J25-V7 and E64-J18-V19 composites was 

15.8%, 13.7% and 11.7% respectively. So the composite with more percentage of jute fiber 

absorbed more water than the composites with more glass fiber. 

(Ashworth, Rongong, Wilson, & Meredith, 2016), this study investigates carbon (CFRP), 

jute (NFRP) and hybrid (HFRP) fiber reinforced polymers manufactured using the resin 

transfer molding process. This work examines the performance of natural, hybrid and 

carbon epoxy composites manufactured via RTM at two different pressures. Property 

evaluation includes the sensitivity of the flexural modulus and loss factor to the dynamic 

strain, behavior which has not been reported elsewhere for natural and hybrid composites. 

Tensile strength reduced with increasing injection pressure for NFRP (72.7 MPa at 4 bar, 

45.5 MPa at 8 bar) and HFRP (98.4 MPa at 4 bar, 92.4 MPa at 8 bar). The tensile modulus 

for HFRP (15.1 GPa) was almost double that for NFRP (8.2 GPa) and one third of CFRP 

(44.2 GPa). 

(Gujjala, Ojha, Acharya, & Pal, 2013),They study the mechanical properties of jute/glass 

reinforced epoxy hybrid laminate with varying hybrid sequences and pure glass, jute and 

epoxy composite and they were compared. Composites prepared by using hand layup 

technique and laminates were prepared with a total of four piles by varying the position of 
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glass and jute. It is found out that hybrids have better properties than pure jute and epoxy 

alone but less than pure glass. 

Literature concluded that fabrication of composites mainly influenced on the properties of 

the composites. The mechanical properties such as tensile, flexural and impact strength can 

be modified by fabricating the composites using different techniques. 

(Sanjeevamurthy, Rangasrinivas, & Manu, 2012), studied the mechanical properties of 

composites of chemically treated fibers from husk of arecanut and fibers from the fruit of 

tamarind. They observed that treated fibers showed better results when compared to 

untreated fibers. They also noticed that the strength of the hybrid composites increases with 

increase in volume fraction of fiber in the hybrid composites. 

(Amuthakkannan, manikandan, winowlin jappes, & uthayakumar, 2013), this investigation 

focuses on the effect of fibre length and fibre content of basalt fibre on mechanical 

properties of the fabricated composites. Specimen prepared with short basalt fibre as 

reinforcing materials and polyester resin as a matrix in polymer composite. 

Based on the availability, different fibre length was taken and fabrication was done with 

compression molding machine, keeping the mold closing as constant and increasing the 

content of fibre in the composites. Specimens were subjected to tensile strength, flexural 

strength and impact strength test and the failure of the composite was examined with the 

help of scanning electron microscopy (SEM). 

Materials used are Basalt fibre of different length was imported from ASA.TECH, 

Austria.Unsaturated polyester resin, methyl ethyl ketone peroxides (MEKP) and co-

napthenate was purchased from G.V.R. Enterprises, Madurai, India 

Fabrication of composites: Basalt fibre reinforced polymer matrix composites were 

fabricated using the compression molding method and unsaturated polyester resin was used 

as a matrix. For a proper chemical reaction, cobalt naphthenate and methyl ethyl ketone 

peroxide were used as accelerator and catalyst respectively. Different length of basalt fibre 

such as 4 mm, 10 mm, 21 mm and 50 mm of basalt fibre were taken for experimentation. 

These were weighed to determine the corresponding 1:1 amount of unsaturated polyester 

resin. The polyester resin was cured by incorporating 1 % volume of the methyl ethyl 

ketone peroxide (MEKP) catalyst. 1 % volume of Cobalt Napthenate (accelerator) was also 

added to perform effective reaction. A stirrer was used to homogenous the mixture and 
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then, the resin mixture was used to fabricate the basalt fibres polymer by compression 

molding technique with uniform molding pressure for all the composites. The samples were 

cured for approximately 24 hours at room temperature. 

The flexure test method measures behavior of materials subjected to simple beam loading. 

The 3-point bending test is used to find the flexural modulus, flexural strength and strain 

at break of the Basalt fibre reinforced polymer composites. Flexural test is conducted on 

Universal Testing machine with cross head speed of 2 mm/min according to ASTM D790-

98. The sample dimensions are 127 mm×13 mm×3 mm .The span length of 100 mm is 

maintained. 

Flexural strength and modulus were found to increases significantly as the fibre content 

increased up to 68 wt. %. Lower flexural strength and modulus were observed for the 

composites with lower fibre content. For every increasing of fibre content there is an 

increase of flexural strength. The flexural modulus is higher for 10 mm length fibre but the 

strength is low compared to other lengths. The flexural strength is found to be maximum 

when the fibre length is 21 mm and flexural modulus is found to be maximum when the 

fibre length is 10 mm. The higher length of fibre is capable withstanding higher bending 

load and lower fibre length of fibre having higher modulus. 

Flexural modulus of basalt fibre reinforced polymer composites have been tested with 3 

point load. Comparing 4 mm and 10 mm length of fibre, flexural modulus of the 10 mm 

length of fibre showed better property than 4 mm length fibre. In 64 % of fibre has the 

highest variation in the flexural strength and in 68 % of fibre which was 56.7 % greater 

than the 4mm length of fibre. The fibre and matrix interaction is high in the 64 % and 68 

% of fibre when 4mm is compared with 10mm length of fibre. Comparison of 10 mm and 

21 mm length of fibre, 68 % of fibre has the highest variation in the flexural modulus. 

Based on 10 mm and 21 mm length, the flexural modulus of 10mm length of fibre was 

superior to the other length of fibres. 71 % of fibre 21 mm length of fibre was 14 % greater 

than the 10 mm length of fibre. 

2.4 .Synthetic and natural fibre hybrid composite based on polyester resin 

(Karaduman, 2016), they have done Jute/PP commingled nonwoven fabrics (400 g/m2) 

with three different jute/PP fiber weight fraction ratios such as 60/40, 40/60 and 20/80 % 

were used for the production of facing materials. Balsa wood, polyester (PET) foam and 
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which, 2 wt% of catalyst (methyl ethyl ketone) was added mixed for 3 min and 2 wt% 

cobalt accelerator added and mixed for another 2 min. 

The materials employed in this investigation were general purpose polyester resin 

manufactured by ADD resins and chemicals (pty) Ltd., South Africa. The glass fiber was 

woven roving E-glass fiber of denier 10,820, tightness of weave 7.65 cm2, manufactured 

by Jiaxing Sunlong Industrial and Trading Co., Ltd., China. The Kevlar 49 fiber was a plain 

weave mat with denier 1500, tightness of weave 46.24 cm2, manufactured by Carr 

Reinforcement Limited, UK. The nylon fiber was plain weave with denier 1320, tightness 

of weave 183.40 cm2, manufactured by Tar Erh, Co., Ltd., China. The hand woven nylon 

fiber had denier 2360, tightness of weave 117.81 cm2.  

Positive hybridization effect was observed relative to glass fiber composite in terms of 

tensile strength, MOE and density reduction, while reverse trend was shown in thermal 

stability and water absorption. The hybrid composites of KGFRP, GNFRP and KGNFRP 

attained higher yield flexural strength and thermal stability above KFRP and NFRP, which 

are positive hybridization effects. The thermal stability of the hybrids indicated that they 

can be applied where high temperature is a requirement. The tensile strength of the KGFRP 

was 19.4% higher than that of GFRP while the MOE of KGFRP and KGNFRP were 

89.22% and 55.82% higher respectively. 

(Panthapulakkal, & Sain, 2007), analyzed the mechanical and thermal properties of hemp/glass fiber-

polypropylene (PP) composite materials. The results indicated that the reinforcement of hemp fiber 

with glass fiber hybrid composite material improve the flexural, impact properties and water 

resistance. In addition they have observed that the addition of glass fiber into hemp-PP composites 

resulted in improved thermal properties as well as the water resistance of the composites.  

(Sargianis, Kim, Andres, & Suhr, 2013), investigated the sound and vibration damping 

properties of sandwich materials with bamboo and cotton fiber reinforced vinyl ester 

composite facings. It was demonstrated that the utilization of natural fibers improved sound 

absorption capability of sandwich panels by 250 %. 

(Arthanarieswaran, Kumaravel, & Kathirselvam, 2014), in this study banana (B), sisal (S) 

fibers were chopped and woven E-glass (G) synthetic fibers were reinforced with epoxy 

matrix. Nine different kinds of laminates were prepared in the following stacking sequence 

of B, S, BS, G/B/G, G/S/G, G/B/S/G, G/B/G/B/G, G/S/G/S/G and G/B/S/G/B/S/G. 
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3. METHODOLOGY 
 

3.1 Materials 

In this work for fabricating the composite specimen materials such as specimen Sisal 

(Agave sisalana), Jute fibers; and polyester resin with its hardener (MEKP) are utilized 

directly for hybrid composite preparation.  

The raw materials used in this work are: jute fiber which is purchased from Bahirdar, 

Ethiopia market. And sisal fibers which are obtained from highland areas of Ethiopia 

(Amhara region Debrework). Polyester resin with its hardener are found on AG Fiber 

factory, Bahirdar. 

3.1.1. Sisal fiber 

Sisal leaves have a thorn at the tip and grow up to a height of 2 meter and yield valuable 

fibre. More usually plants are harvested after 24-36 months. About 50 leaves, each 

weighing up to 1 kg may be cut per plant per year. A total of about 300 leaves may be 

harvested during the economic life of each plant (Wienk,Ferwerda, & Wit, 1969). 

In this research sisal plant is taken from highland of Amhara region specifically debrework 

wereda and the typical view of sisal plant is as shown in Figure 3:1. 

        

 

 

Figure 3:1 typical view of sisal plant 
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Fiber Extraction 

For extraction of the fiber, two methods are employed, viz., the retting process and the 

mechanical method. The retting process is a biodegradation process involving microbial 

decomposition of sisal leaves, which separates the fibre from pith. The fibres are washed 

and processed further. This process takes 15-21 days for a single cycle of extraction and 

degrades the quality of fibre. Extracted sisal fibers are not easily accessible in Ethiopia so 

a mechanical extraction method to extract sisal fiber from raw sisal manually using serrated 

knives is used. The fibre is extracted by rasping the leaves with a blunted knife .put the raw 

sisals on the table rasp it until the resinous material are remove and  fiber strands are 

obtained. A bunch of fibers are mounted or clamped on a stick to facilitate segregation as 

shown in Figure 3:2.  In this method almost the entire extraneous matter is removed leaving 

only the fibre strand. Decorticated fibres are washed before drying in the sun or by hot air. 

Proper drying is important as fibre quality depends largely on moisture content (YU, 2005). 

 

 

 

Figure 3:2 Extraction method of sisal fibre 
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The cured polyester is usually rigid or flexible as the case may be and transparent. 

Polyesters withstand the variations of environment and stable against chemicals. 

Depending on the formulation of the resin or service requirement of application, they can 

be used up to about 75ºC or higher. Other advantages of polyesters include easy 

compatibility with few glass fibers and can be used with verify of reinforced plastic 

accouter. 

Figure 3:4 Polyester resin 

3.1.4. Sodium Hydroxide (NaOH)  

Sodium hydroxide, also known as lye or caustic soda, has the molecular formula NaOH 

and is a highly caustic metallic base and alkali salt. Pure sodium hydroxide is a whitish 

solid, which is available in pellets, flakes, granules, and as a 50% saturated solution.  

Sodium hydroxide is soluble in water, ethanol and methanol. This alkali is deliquescent 

and readily absorbs moisture and carbon dioxide in air. Although molten sodium hydroxide 

possesses properties similar to those of the other forms, its high temperature comparatively 

limits its applications.  

Sodium hydroxide is used in many industries, mostly as a strong chemical base in the 

manufacture of pulp and paper, textiles, drinking water, soaps and detergents.  Sodium 

hydroxide which used in this work was in solid form as shown in Figure 3:5, Bahirdar 

institute of chemical laboratory. 
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Table 3:2 measured values 

 

 

 

 

 

Table 3:3 Evaluated results of fiber volume ratio and measured value 

 

 

 

 

 

 

 

3.3. Composite plies and laminates design 

The specimens are prepared based on three different types.  

A) Based on sequence of fiber layers. 

The lamina consisting of two layers of jute fibers and two layers of sisal fibers. Three 

specimens will be prepared with different sequence of fiber layers is listed in Table 3:4 and 

explained with Figure 3:6. 

Table 3:4 Sequence of layers 
 

Specimen Number Number Of Layers Layer Details 

1 4 Jute- Jute-sisal-sisal 

2 4 Jute- sisal-jute-sisal 

3 4 Sisal-jute-jute-sisal 

jute fiber density(g/cm3) 1.4 
sisal fiber density(g/cm3) 1.5 
polyester Matrix volume  (g/cm3) 

 

1.39 

jute fiber weight (grams) 10 

Sisal fiber weight (grams) 25 
Jute/sisal/polyester Composite weight (grams) 85 

Calculated results 
Parameters Value 
Volume of Jute Fiber 7.69cc 
Volume of Sisal Fiber 10cc 
Volume of Polyester Matrix 61.15cc 
Fiber Volume ratio of Jute 13% 
Fiber Volume ratio of Sisal 13% 
Polyester Matrix Volume ratio 74% 
Fiber Weight ratio of Jute 10% 
Fiber Weight ratio of Sisal 14% 
Polyester Matrix Weight ratio 76% 
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            1) sisal-jute-sisal-jute           2) jute-sisal-jute-sisal                       3) sisal-jute-jute-sisal 

Figure 3:6 Sequence of layers 

b) Based on orientation angle of fibers. Three categories with different angle arrangements 

of fibres are shown in Figure 3:7. 

1. [00/450/ 450/00],      

2. [00/900/900/00] 

3. [450/00/00/450]    

         1) [00/ 450/450/ 00]                                        2) [00/900/900/00] 

 

       3) [450/ 00/00/450] 

Figure 3:7 Different angle orientation of fibres 
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Step 8 - positioning the first sisal fiber blanket on the resin; 

Step 9 - Application of resin on sisal fiber blanket, using a brush;  

Step 10 - Elimination of air bubbles using the roller across the surface of the mold; 

Step 11 - Positioning the second layer sisal fiber on the resin; 

Step 12 - Application of resin on sisal fiber blanket, using a brush;  

Step 13 - Elimination of air bubbles using the roller across the surface of the mold; 

Finally these laminas are kept in press for over 24 hours to get the perfect shape and 

thickness. The thickness of the lamina is limited to 4 mm and the size is 112 mmx170 mm. 

After dried, the edges of the specimen are neatly cut by using saw as per the required 

dimensions. And test samples were cut to the required sizes prescribed in the ASTM 

standards and make ready for test. 
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Figure 4:10 Flowchart of fabrication process of laminated composite using hand layup 
method 

 

 

                                                                                               -by laminate sequence 

                                                                                               -by orintation of fibres 

                                                                                              -by fiber-matrix weight ratio 

                                                                                              -treated and untreated fibres 

 

 

 

 

 

                                            

                                                    -Pressed                               -air removal using roller 

                                                                                                  -solidify for 24 hours                                                              

 

  

 

 

                        

                         Prepared samples                                                                 cut with dimensions  

Polyester 

+ MEKP 

MMM=+ 

Jute and 

sisal 

fibre 

Impregnation Lay-up 

Solidification Consolidation Demolding 
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Explanation of samples 

A) Samples 1, 2 and 3 are made by differing sequence of layers of fiber keeping weight 

ratio of fiber to matrix ratio constant. 

Sample 1= sisal/jute/sisal/jute 

Sample 2 = sisal/jute/jute/sisal 

Sample 3 = jute/sisal/jute/sisal 

B) Samples 4, 5 and 6are made varying concentration of fibres and polyester in weight 

ratio keeping other conditions constant. (J/S/P) 

Sample 4 = 0/20/80 

Sample 5 = 4/15/81 

Sample 6 = 10/14/76 

Reason for selecting 10/14/76 weight ratio is for better strength the ratio of matrix to fiber 

has to be more than two and from literatures the above 30% by weight fibre will decrease 

the flexural strength of the composite. 

C) Samples 7, 8 and 9 are made by varying arrangement of fibers in angle keeping other 

conditions constant 

Sample 7 = [00/450/450/00] 

Sample8 = [00/900/900/00] 

Sample 9 = [450/00/00/450] 

D) Sample 10 and 11 are made using 10% NaOH treated fibres and 6%NaOH treated fibre 

respectively with the same fibre to matrix ratio of sample 6 keeping other conditions 

constant. 

Sample 10=10% treated sisal and jute fibre 

 Sample 11=6% treated sisal and jute 
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3.6. Specimens Geometry and Dimensions  

Testing methods of polymer composite 

Three-point and four-point flexure tests 

For flexure tests there is no involvement with end-tabs, or (normally) changes in the 

specimen shape, tests being conducted on simply supported beams of constant cross-

sectional area. The two methods most usually used for the determination of flexural 

properties of laminates are the three-point and four-point tests (Hodgkinson, 2007).A flat 

rectangular specimen is simply supported close to its ends and either centrally loaded in 

three-point bending (Figure 3:11) or by two loads placed symmetrically between the 

supports, giving four-point bending (Figure 3:12).  

 
 
 
  

 

 

 

Figure 3:11 Three point bending setup (Hodgkinson, 2007) 

 

 

Figure 3:12 Four point bending setup (Hodgkinson, 2007) 
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The bending moment in a three-point bend test increases linearly from zero at the supports 

to a maximum under the central loading point, whereas the shear force (and hence the inter 

laminar shear stress at the mid plane) is uniform along the length of the beam. In four-point 

bending the bending moments increase linearly from zero at the supports to a maximum at 

the loading points and are constant between these points. The major difference between 

four-point and three-point loading configurations is the location of maximum bending 

moment and maximum flexural stress. The geometry of each of loading configuration 

jute-sisal polyester composite material is based on American Society of Testing & 

Materials (ASTM).The flexural specimens are prepared as per the ASTM D790-10 

standards. The 3-point flexure test is the most common flexural test for composite materials 

and the three-point test is easier to carry out. Flexural testing was conducted in accordance 

with ASTM test method D790-10, and three-point loading. The three point bending test 

pieces dimension were based on 32:1 span to thickness ratio according recommended 

dimensions as shown in Table 3:5.( ASTM D790-10, 2007). 

Table 3:5 Dimensional possibilities for flexure specimens in several specifications. 
(Hodgkinson, 2007) 

Specification Thickness(mm) Width(mm) Length(mm) 

ASTM D790M 1-25 10-25 50-1800 

BSI 2782 1-50 15-80 20h 

CRAG 2 10 100 

 And accordingly, its value became Span length = 128 mm, width = 20 mm, thickness = 4 

mm & its overall length is greater than 20% of support span length i.e. 170mm.as shown 

in Figure 3:13  

Figure 3 13 Flexural strength dimension and setup in 3D drawing 
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Defeaturing 
Pinch Tolerance Please Define 

Generate Pinch on Refresh No 
Automatic Mesh Based Defeaturing On 

Defeaturing Tolerance Default 
Statistics 

Nodes 8159 
Elements 2162 

Mesh Metric None 
                                  Element Type Tetrahedral 

 

3.9. Experimental Setup 

Universal Testing Machine  
 
All the mechanical tests were investigated using Computer Controlled Electro-Hydraulic 

Servo Universal Testing Machine as shown in Figure 3:15; which has a capacity of up to 

100 kN, with 0.01 - 500 mm /min test speed. During the test the following initial parameters 

were feed to the computer, displacement 0.2 mm/min, load speed 0.1 kN/s and extension 

0.01 mm/s. 

 

 

 

 

 

 

 

Figure 3:15 Universal Testing Machine 

In this thesis theoretical analysis and experimental test methods has been followed. The 

general methodology used in this thesis is described in the Figure 3:16 below.
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Figure 3:16 Methodology of the study
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Figure 4:2 Strain result at 0.4kN 

 

Figure 4:3 Stress result at 0.4kN 

For different load applied to the specimen ANSYS result of [00/450/ 450/ 00], [00/900/ 900/ 

00], [00/900/ 900/ 00] lamina is summarized in the Table 4:1, Table 4:2 and Table 4:3 

respectively. 
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Table 4:1 ANSYS result for   [00/450/ 450/ 00] orientation angle at different load input 

 

Table 4:2 ANSYS result for   [00/900/ 900/ 00] orientation angle at different load input 

 

Table 4:3 ANSYS result for [450/ 00/00/ 450] Orientation angle at different load input 

 

From the ANSYS results for different applied load comparison of load versus deformation 

and load versus stress for different angle arrangement of fibres are drawn in Figure 4:4 and 

Figure 4:5 respectively. 

Force(kN) Deformation(mm) Flexural 
Stress(MPa) 

strain Shear stress (MPa) 

0.1 2.1659 31.328 0.0045523 8.453 
0.4 8.6637 125.31 0.018209 33.812 
0.8 17.32 250.63 0.036418 67.624 
1 21.659 313.28 0.045523 85.53 

Force(kN) Deformation(mm) Flexural 
Stress(MPa) 

strain Shear stress (MPa) 

0.1 1.606 36.077 0.0037637 4.4576 
0.4 6.4239 144.31 0.015055 17.83 
0.8 12.831 286.8 0.029919 35.639 
1 16.039 358.5 0.037399 44.615 

Force 
(kN) 

Deformation (mm) Flexural 
Stress(MPa) 

strain Shear stress (MPa) 

0.1 1.9824 37.602 0.0041024 5.1294 
0.4 7.9295 150.41 0.016409 20.518 
0.8 15.859 300.82 0.032819 41.035 
1 19.824 376.02 0.041024 51.294 
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Figure 4:4 Comparison of load versus Deformation at different orientation angle ANSYS 
result 

 

Figure 4:5 Comparison of load versus Stress at different orientation angle ANSYS result 
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ANSYS result for randomly Oriented Discontinuous Fiber Lamina 

ANSYS Results of deformation, strain and stress at 0.4 KN load for 0/20/80 wt% of fibres are 

shown in the Figure 4:6, Figure 4:7 and Figure 4:8 respectively. 

 
 

Figure 4:6 Deformation of 0/20/80 wt% of fibres at 0.4 kN 

 

Figure 4:7 Strain of 0/20/80 wt% of fibres at 0.4 kN 
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Figure 4:8 Stress of 0/20/80 wt% of fibres at 0.4 kN 

For different load applied to the specimen ANSYS result of  0/20/80 wt%, 5%, 14%, 81% 

(JSP)Wt% ratio and 10%, 14%, 76% (JSP) Wt%, lamina is summarized in the Table 4:4, 

Table 4:5 and Table 4:6 respectively. 

Table 4;4 ANSYS result for   0%, 20%, and 80% (JSP) Wt% ratio at different load input 

 

 

Force (kN) Deformation (mm) Stress (MPa) strain 

0.1 2.2664 31.871 0.0047034 

0.4 9.0658 127.49 0.018814 

0.8 18.132 254.97 0.037627 

1 22.664 318.72 0.047034 

2 45.32 637.4 0.09406 
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Table 4:5 ANSYS result for   5%, 14%, 81% (JSP)Wt% ratio at different load input 

 

Table 4:6 ANSYS result for   10%, 14%, and 76% (JSP) Wt% ratio at different load input 

 

 

 

 

From the ANSYS results for different applied load comparison of load versus deformation 

and load versus stress for different concentration of fibres by weight ratio are drawn in 

Figure 4:9 and Figure 4:10 respectively. 

 

Figure 4:9 Comparison of load versus deformation at different concentration of fibre 
weight ratio ANSYS result 

Force (kN) Deformation (mm) Stress (MPa) Strain 
0.1 2.3102 31.88 0.00479 
0.4 9.2408 127.52 0.019164 
0.8 18.482 255.04 0.038327 
1 23.102 318.8 0.047909 
2 46.204 637.6 0.095818 

Force (kN) Deformation (mm) Stress (MPa) strain 
0.1 2.1275 31.876 0.0044136 
0.4 8.5101 127.5 0.017654 
0.8 17.02 255.01 0.035309 
1 21.275 318.76 0.04413 
2 42.55 637.52 0.08826 
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Figure 4:10 Comparison of load versus stress at different concentration of fibre weight 
ratio ANSYS result 
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4.3. EXPERIMENTAL RESULTS AND DISCUSSION 

4.3.1. Flexural Test 

The test specimens are dimensioned according to ASTM D790-10.  Three specimens are tested 

for each conditions using UTM and the experimental results are given in the Appendix A. The 

test results presented in Table 4:6 are based on average values of three specimens.  

Table 8:6 Experimental results 

s.no. specimen Stress (MPa) Deformation (mm) Force (N) 

1 s/j/s/j 101.44 18 426.06 

2 s/j/j/s 100.85 13 423.57 

3 j/s/j/s 98.42 19 413.36 

4 0/20/80wt%(JSP) 82.29 11.9 345.6 

5 5/14/81Wt%(JSP) 85.24 13 360 

6 10/14/76wt%(JSP) 94.58 12.1 397.2 

7 0/45/45/0 degree 111.8 12.5 469.5 

8 0/90/90/0 degree 103.68 9.2 435.45 

9 45/0/0/45 degree 100 21 420 

10 10%NaOH treated 77.49 14.49 320 

11 6% NaOH treated 87.82 14.19 370 

12(6) 0%NaOH treated 94.58 12.1 397.2 

 

From the experimntal test of samples maximum force,deformation and stress results for 

different sequence of fibre layers, difffernt concentration of fibres ,for different orientation 

angle of fibres and different concntration of NaOH tretetment are presented in the Figure 

4:11,Figure 4:12, Figure 4:13 and Figure 4:14 respectively. 
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Figure 4:11 Experimental results of different sequence of fiber layers 

Figure 4:12 Experimental results of different concentration of fiber 
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Figure 4:13 Experimental results of different arrangement of angle orientation fibers 

 

 

Figure 4:14 Experimental results of NaOH treated samples at different concentration 
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 Table 4:8 Comparison of ANSYS and experimental results 

 

 

 

 

 

 

 

4.3.3. Failure Modes  

The intact and damaged specimens of flexural tests are depicted in Figure 4:15. 

In the case of flexural test, bending failure on the tension surface of specimens was due to 

matrix and fiber breakage and most of the samples fail at mid span. 

 

Figure 4:15 Flexural failure modes 

  
Load (N) 

Experimental 
result 

ANSYS result 

Stress (MPa) Stress (MPa) 

0/45/45/0 degree 469.5 111.8 101.24 
0/90/90/0 degree 434.5 103.08 94.53 
45/0/0/45 degree 420 100 81.5 
0/20/80wt%(JSP) 345.6 82.29 65.708 
5/14/81Wt%(JSP) 360 85.24 68.469 
10/14/76wt%(JSP) 397.2 94.58 75.469 

 Load 
Applied in 
CLT and 

Simulation 
Model 

Breaking 
Load(N) in 

Exp. 
Analysis 

Stress (MPa) 
CLT % 

Error 
ANSYS % 

Error 
Exp. 

0/45/45/0  469.5 469.5 119 6.4 101.24 9.4 111.8 
0/90/90/0  434.5 434.5 108.6 5.3 94.53 8.29 103.08 
45/0/0/45  420 420 81.88 18.12 81.5 18.5  100 











http://dx.doi.org/10.1016/j.compositesb.2012.12.004
http://www.nnfcc.co.uk/crops/info/sisal.html
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APPENDIX A 

Graphs 

 

Figure A: 1 load-displacement for s/j/s/j 1st sample 

 

 

Figure A:2 Stress-strain for s/j/s/j 1st sample 

 

 






















