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ABSTRACT 

This work was centred on determining the compressive strength, the elastic modulus, the strength to mass ratio and 

the energy absorption capacity per unit volume (i.e. resilience) of hand-lay up coconut fibre reinforced polyester 

composite to ascertain the suitability of the fibre as reinforcement in hand- lay up composite production. To this end, 

three composite specimens of hand-lay up twenty layers of coconut fibre and , three composite specimens of hand-

lay up twenty layers of chopped-strand mat glass fibre reinforced polyester respectively were produced and 

subjected to compression test using universal material testing machine. An average compressive strength of 

14.1MPa and 34.0MPa, elastic modulus of 0.5GPa and 1.16GPa, the strength to mass ratio of 467.3MPa/kg and 

871.2MPa/kg and the resilience of 6.0J and 15.0J for the Coconut and chopped-strand mat glass fibres composite 

specimens respectively were obtained. The analysis of the results indicates that the coconut fibre is suitable for 

reinforcement in hand-lay up method of composite production for a low level compressive loading. 

 
SIGNIFICANCE: The work has brought to light that coconut fibre (natural fibre) which is abundantly and 

readily available in Nigeria can be used as reinforcement in hand-lay up fibre reinforced 

polyester composite production, thereby minimizing the adverse effects posed on high 

dependence on imported synthetic fibres. 
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                                                  1.0 INTRODUCTION 

Fibre-reinforced plastic (FRP) materials are tailor-made materials for engineering applications. These materials have 

been in use for long time in developed and some developing countries.  If these materials are to be used for 

engineering applications particularly for structures and components of machines among others, they must possess 

the desired mechanical properties.  Acceptable compressive strength is one of these properties that are of interest to 

engineers.  (Sadiq, 2003). The compressive strength of hand-lay up coconut fibre reinforced polyester composite 

was determined to ascertain the degree of suitability of the fibre as reinforcement in composite production                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                             

The properties of composite materials generally depend on the properties of the constituents, the interaction between 

the constituents, and the method of production of the composite. (wood,1980) and ( Eckold,1994). One of the 

composite constituents is the reinforcement.  According to Astron (1997) and Bunsel (1993), reinforcement is one of 

the constituents in the composite material that primarily carries the structural loads to which it is subjected. The 

reinforcement, therefore, to a large extent, determines the mechanical properties of the composite.  Composite 

reinforcement may be in the form of whiskers or fibres.  The Fibre reinforcing agent may be in the form of glass, 

carbon, Aramid, polyethylene and several other suitable materials which are in fibrous form.                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                      

In Nigeria most of the composite materials produced for some applications are glass reinforced polyester composite 

(GRP) and the method of production is mainly hand-lay up open mould technique. The glass fibres especially the 

chopped-strand mat that is commonly used in the hand-lay up method of production is not readily available for use 

when needed despite its high cost in few commercial cities in Nigeria where it is sold in one or two shops. Most of 

the glass fibres used in Nigeria are imported from either USA or Britain and this adversely affecting our economy. 

(Sadiq, 2005). The search for locally available materials either for replacement or as alternative to the imported ones 
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is in line with import-substitution policy of the Government of Nigeria. Nigeria is transforming from being a 

consumer nation to a producer nation thereby improving our economy and self reliance.  This work attempt to bring 

to light that coconut fibre [natural fibre] which is abundantly and readily available at low cost in Nigeria  can be 

used as alternative to the synthetic fibres in terms of compressive strength, high strength to mass ratio, modulus of 

elasticity, and resilience in  hand-lay up composite production. 

Coconut fibres are obtained from coconut. Apart from few zones in Northern part of Nigeria where coconut trees are 

scarcely found, coconut trees are grown in the remaining part of Nigeria in such a quantity that can meet the 

engineering applications of the fibres in Nigeria. 

From visual observation, Coconut fibres are naturally oriented in 180
0
 direction. The fibres which are presently 

regarded as waste product of coconut production are manually extracted from the nut in commercial quantities by 

the farmers. During the fibres extraction from the nut, the natural orientation is distorted into random arrangement 

similar to the chopped strand mat glass fibre. Coconut fibres are sold in virtually all the markets in Nigeria. They are 

mostly found among Yoruba, Ibo and Hausa men and women who trade in traditional or cultural goods in the 

markets. Most of the coconut fibres from the above sources are prepared into various bundles of shapes and 

thickness for different applications such as bathing, washing cooking utensils etc. For composite applications the 

fibres are bought and prepared into the desired shape and thickness respectively. From experience, the random 

arrangement of the fibre strand remains the best way to use it considering the time and work involved in aligning the 

strands in one or two directions. 

                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                 

2.0 EXPERIMENTATION 

2.1 Materials 

The materials used for the production of the specimens were, 0.6 litre of Polyester resin (i.e. the matrix), 9.6E-5m
3 

of chopped strand mat glass fibre (i.e. convectional or synthetic fibre), 9.6E-5m
3 

of coconut fibre (i.e. fibre under 

investigation),12ml catalyst (methylethyl ketone peroxide),24ml accelerator (cobalt amine),two 180mm length by 

30mm breadth by 25mm width wooden moulds, 75ml  thick engine oil (SAE40) and 20mm width roller with 

wooden handle.        

 

2.2 Production of specimens 

All the specimens were produced using hand-lay up open mould techniques.  Details of this production method and 

other vital information are found in Astron (1997), Strong (1999) and Dyson (1990).Prior to the production of the 

specimens, the internal surfaces of the two wooden moulds were thoroughly rubbed with the engine oil to serve the 

function of gel-coat. 12ml catalyst and 24ml accelerator were added to the 0.6 litre of the polyester resin and mixed 

thoroughly in a plastic container. The compound mixtures was used to produce a composite consisting of 20 

laminates of the chopped strand mat glass fibre with dimension, 160mm length by 30mm breadth by 20mm thick 

each in the first mould and another composite Consisting of 20 laminates of the coconut fibre with dimension, 

160mm length by 30mm breadth by 20mm thick each in the Second mould. The two moulds were left in open air for 

two days to dry to taste. The cross-linking and the drying processes can be accelerated up by addition of more 

catalyst and accelerator respectively to the matrix. 

2.3 Preparation of specimens 

Prior to testing, the demoulded chopped strand mat glass fibre composite with dimension, 160mm length by 30mm 

breadth by 20mm thick was cut into three test pieces of dimension, 50mm length by 30mm breadth by 20mm thick 

each. The test pieces were designated A, B and C respectively. Similarly, the coconut fibre composite of dimension 

160mm length by 30mm breadth by 20mm thick was also cut into three test pieces of dimension 50mm length by 

30mm breadth by 20mm thick each and designated D, E and  F respectively. The specimens original parameters in 

terms of mass, dimension and cross-sectional area were recorded in table 1. The reason for difference in the mass of 

the specimens is due to presence of blowholes (air spaces) in some of them.                                                                                                                                                               
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TABLE 1:         Specimens Parameters prior to testing 

SPECIMENS MASS (g) DIMENSION 

(CM) 

CROSS-SECTIONAL 

AREA 

(x10
-4

m
2
) 

A 39.4 5x3x2 6.0 

B 39.4 5x3x2 6.0 

C 39.3 5x3x2 6.0 

D 30.1 5x3x2 6.0 

E 30.2 5x3x2 6.0 

F 30.0 5x3x2 6.0 

 

2.4 Testing of specimens. 

All the specimens were tested on the universal material testing machine, (i.e.100KN capacity). The compression 

force was gradually applied until failure occurred.  The applied forces were read from the digital load meter while 

the changes in height due to the applied forces were read from the dial gauge attached to the machine. 

 

3.0 RESULTS AND DISCUSSIONS 

3.1 Results 

The results of the tests are summarized in table 2 below and the graphs at the appendix page.  

TABLE 2: strength parameters for the coconut and glass fibres composites 

Specimens Ultimate 

Compressive 

Force  (KN) 

Compressive 

Strength 

(MPa) 

Strength to 

Mass Ratio 

(MPa/Kg) 

Young’s 

Modulus, E 

(GPa) 

Resilience 

(J) 

 

A 20.4 34.0 863.0 1.14 15.2 

B 20.5 34.2 868.0 1.22 14.4 

C 20.3 33.8 860.1 1.12 15.3 

D 8.4 14.0 465.1 0.50 5.9 

E 8.5 14.2 470.2 0.50 6.1 

F 8.4 14.0 466.7 0.49 6.0 

 

3.2           Discussions 

The main purpose of this work was to determine the compressive strength, the strength to mass ratio, the Young’s 

modulus of elasticity and the energy absorption capacity per unit volume of the composite specimens respectively.  

This is with a view to compare these properties to ascertain the suitability of coconut fibre as reinforcement in hand-

lay up composite production.  As shown in the summary of results table 2, chopped strand mat glass fibre composite 

has average compression strength of 34.0MPa while that of Coconut fibre composite was 14.1MPa.  Comparing the 

strengths of the two composites, it was clear that chopped strand mat glass fibre composite can withstand 2.43 times 

compressive load than the Coconut fibre composite. The main reason for this is that glass fibre absorbs the resin 

easily and even tends to dissolve in it when impregnated with roller than the coconut fibre. The fibre-matrix 
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interaction between the glass fibre and polyester resin helps to improve the composite compactness, rigidity and 

blowholes defects.  Although the coconut fibre has not been used as a conventional reinforcement in fibre composite 

materials, the result of this work has shown that the material can withstand a compressive strength of about 0.41 that 

of the conventional chopped strand mat glass fibre of the hand-lay composite and therefore suitable for 

reinforcement in that degree. 

According to Astron (1997) and Enetanya (1998), one of the properties of fibre composite materials that necessitated 

their wide use in many applications (such as power boat and ship, airbus and aircraft and some light car body 

constructions respectively etc) is their high strength to weight ratio.  As shown in table 2, coconut fibre composite 

has average value of 467.3 MPa/kg and lower than the 871.2 MPa/kg average value of the chopped-stand mat glass 

fibre composite.  This shows that chopped strand mat glass fibre is a better choice for reinforcement in hand-lay up 

composite material especially where high strength to weight ratio is a deciding factor. The low value of the coconut 

fibre was due to its low compressive strength coupled with high density of the fibres.The high strength to weight 

ratio of coconut composite can be improved by thoughly sun drying the fibres prior to the production process, 

although the brittleness of the composite is enhanced. 

One of the important parameters to be considered in designing a material for structural component is the stiffness. 

Stiffness is dependent upon the shape of the structural component. For the components with identical shapes, 

stiffness is proportional to the elastic modulus. [Dharmendra, 1983]. The elastic modulus of the composites were 

calculated and found that Chopped-strand mat glass fibre has a higher value of 1.16GPa while Coconut fibre was 

0.5GPa.The difference was due to Matrix-Fibre interaction, which led to formation of stronger bond in the Chopped-

strand mat glass fibre composite than the Coconut fibre composite. 

The maximum energy per unit volume which each composite specimen was capable of absorbing before straining to 

failure is called the strain energy or the resilience. [Ryder, 1969].  The resilience (i.e. u=x
2
/2E,where x=stress and 

E=Young’s modulus) of each composite specimen was calculated and found that chopped strand mat glass fibre 

composite has a higher average value of 15.0Joules compared to 6.0Joules average value for the Coconut fibre 

composite.  This means that chopped strand mat glass fibre composite can withstand more load for a given extension 

than the Coconut fibre composite.  

The modes of failure of the specimens were matrix cracking and shearing and fibre buckling and delaminating 

respectively.  The stress-strain graphs of the specimens were drawn (figures in appendix). The curves of these 

graphs tend to show the same characteristic behaviours.  As the stress increases the strain also increases, but stress 

increment was not directly proportional to the strain increment.  In each graph, there was no clear defined yield 

stress as obtained in some metals.  The ultimate and fracture stresses denoted by alphabets, g and h on the stress-

strain graphs of each of the specimens respectively coincided.  This means that the materials are hard and, to some 

extent brittle, since large compressive forces were applied without much change in height before failure occurred. 

4.0 CONCLUSION 

Despite the low compressive strength (i.e.14.1Mpa) value of the Coconut fibre composite obtained from the work, it 

is evident that Coconut fibre,  now a waste product of Coconut production which is abundantly and readily available 

at low cost in Nigeria can be used as a reinforcement in fibre composite materials production especially for hand-lay 

up types. Comparing the compressive strength (i.e.34.0 Mpa) of the synthetic glass fibre composite with the natural 

Coconut fibre composite, it is conspicuously clear that Coconut fibre composite can be used for a low level 

compression load of not more than 14.1X10
6 
N/M

2
. 

 

5.0 RECOMMENDATIONS 

In view of the whole results and  the subsequent work that might be carried out by people, the compressive strength 

of Coconut fibre composite can be improved upon by adopting closed mould technique with applied pressure of 

about 250N/m
2
 in the hand-lay up production method. This will consequently improve the matrix-fibre interaction, 

the bonding effects and of course a reduction in blowholes defects. 

 Also, in order to minimize the time in laying up the Coconut fibres and to improve its  

Compactibility in the mould, the dry Coconut fibres should be wetted with water prior to the production  

 

          

A.S. Sadiq 

 

 

 



Journal of Engineering and Technology (JET) Vol. 3, No. 1 February 2008 

106 

 

 

          

    Appendix     

          

                   Composites specimens stress-strain graphs   

          

          

          

          

Fig. 1: Stress/Strain graphs for Chopped strand mat fibre composites specimens   

          
          
 
 
 

         
          
          
          
          
          
          
          
          
          
          
          
          
          
          
          
          
Fig. 2: Stress/Strain graphs for Coconut fibre composites 
specimens    
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