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ABSTRACT 
 

Fibre-reinforced composite materials are synthetic or man-made materials. These materials are used for many 

engineering applications especially automobile structures and components. One of the mechanical properties 
that constitute the central focus in usage is the compressive strength. The central focus of this work is to 

determine the degree of effectiveness of sawdust in the improvement of the compressive strength of continuous 

strand mat reinforced polyester composite using hand lay-up technique of production.  Composites consisting 
of the continuous strand mat glass fibre and polyester resin were produced using hand-lay up open mould 

technique.  Five other composites consisting of varying masses (between 4-20g) of sawdust, fixed mass (45g) 
of continuous strand mat glass fibre and varying masses of polyester resin (between 75-95g) were produced 

using hand-lay up open mould technique respectively.  These composite specimens were subjected to 

compressive tests using universal testing machine.  An efficiency of 84.4% improvement on the compressive 
strength of the non sawdust composite was obtained via strength to weight ratio criteria. The results indicated 

that sawdust is a very good material that may be used for improving the compressive strength of Fibre-

reinforced polyester composite.  
 

Significance: The work brought to fore that 

sawdust is a good material that may be used for 

improving the mechanical properties of fibre-

reinforced polyester composites. This will help 

reduce the volume of glass fibre needed for 

design purposes and yet give the same load 

capacity. In addition this will reduce high 

dependence on the imported glass fibre 

Keywords: Sawdust, reinforcement, compressive 

strength, hand-lay up technique, polyester resin, 

composite. 

 

 

1.0 INTRODUCTION 
 

Materials available for engineering applications are 

diverse and broadly classified into metals and non-

metals. The non-metallic materials are classified into 

natural and synthetic or man-made materials 

respectively. One of the synthetic materials is glass 

reinforced plastic (GRP) commonly called 

composite. Composite materials are used for many 

engineering applications in the fields of Air, Land 

and Sea transportations, etc. According to Wood 

(1980), composite materials are extensively used in 

automobile industries for producing some car 

structures and components such as bumpers, body 

panels, dash-boards etc. According to Hollaway 

(1990) a composite material is a tailor- made 

material where two or more distinct material phases 

are combined into one engineering material. The 

purpose of the combination is to optimize the 

material’s properties while at the same time 

mitigating the effects of some of the less desirable 

characteristics. According to Sadiq (2008), 

composite materials have many properties that 

necessitate their wide usage in many engineering 

applications. However, these properties are functions 

of the properties of the constituent materials 

combined, the interaction between these 

constituents, their relative amounts, size, 

distribution, and orientation of the reinforcement and 

of course, the method of production of the 

Sadiq, A.S. and Adisa, A.B. (2012). pp.88- 92. 88 

mailto:sadiqahmed92@yahoo.com
mailto:qidas54@yahoo.com


Journal of Engineering and Technology (JET)  Vol. 7 No. 1 & 2 August 2012 

composite. There are different types of 

reinforcements with different orientation 

arrangements: it may be random, unidirectional, 

bidirectional, or woven mats, or combination of 

these depending on the application. The 

reinforcement primarily carries the structural loads 

to which the composite is subjected and therefore, to 

a large extent, determines the mechanical properties 

of the composite. One of these reinforcements is 

continuous strand mat (CSM), used in this work. 

Details of this and other GRP reinforcements had 

been discussed by Astron (1997) and Strong (1999). 

One of the mechanical properties that constitute the 

central focus in the application of composite 

materials is the compressive strength; the ability of 

the material to withstand the applied compression 

force without failing. This work focuses on 

improvement on the compressive strength of hand – 

lay up continuous strand mat reinforced polyester 

composite using sawdust as filler. 

In some developed and developing countries where 

production of composite materials have                                                             

gained ground, different kinds of materials such 

calcium carbonate, quartz powders, glass 

microspheres etc, have been used respectively to 

improve mechanical properties of fibre reinforced 

plastics via different types of production techniques 

(Enetanya, 1998). These filler materials are not 

produced in Nigeria to the knowledge of the authors 

and this calls for search for alternative materials. 

In Sadiq (2003), soft wood Woodflour, which is a 

waste product of wood work and obtained from 

planning operation, was used to improve the 

compressive strength of hand-lay up woven-roving 

glass reinforced polyester composite. The 

improvement was 47.8%.   Some of the problems 

encountered particularly in laying the rectangular 

shaped filler flat relative to the flat reinforcement 

before the impregnation of the polyester resin on the 

formed layer necessitated the thought of sawdust. 

Sawdust is a collection of tiny particles of wood 

produced when wood is sawed. This material, like 

the woodflour, is also a waste product of carpentry 

work. Depending on the type of wood and the 

sawing device used, different sizes of the sawdust 

particles are available. The type used in this work 

was from soft wood and has average size of 4 mm. 

According to Sadiq (2006) many companies like 

Anambra Automobile Manufacturing Company 

(ANAMCO) in Enugu, Steyr Automobile Company 

in Bauchi, Peugeot Automobile Company of Nigeria 

(PAN) in Kaduna and many State-owned 

Workshops have been producing vehicle and non-

vehicle components using GRP. Study of many of 

these products revealed that continuous-strand mat 

glass fibre is the common reinforcement used for the 

production.  Continuous-strand mat glass fibres like 

other glass fibres have good relative mechanical 

properties but are imported materials. These 

materials are not readily available for use when 

needed except in few major commercial cities of 

Lagos, Onitsha, Aba, etc where they are found in 

one or two places (Sadiq, 2003)                          

The outcome of this work would not only provide 

the basis for the composite manufactures, Engineers, 

craftsmen and the users to venture into using 

sawdust to improve compressive strenght of GRP 

composite when the need arises but will also among 

others reduce the quantity of the reinforcement 

needed to produce the required thickness/strenght of 

composite that would withstand specific load, but 

will also help to cushion the effects that both the  

importation and consumptions have on our economy 

and the users respectively.                                                                       

Hand-lay up method of producing composite, 

according to Astron (1997), simply employs a one 

sided mould, male or female (in case of open mould 

method), which is treated with suitable mould 

release agent. To build up the laminate, an 

appropriate amount of the polyester resin is applied 

and distributed on top of the mould release agent 

where the reinforcement (the glass fibre) is placed 

by hand on top of the resin.  The reinforcement is 

then worked with a hand-held roller which also 

compact the laminate and works out voids.  After 

one reinforcement layer has been satisfactorily 

impregnated and compacted, more resin is applied, 

another reinforcement layer placed on top of the 

resin by hand and the impregnation and compaction 

step is repeated.  This procedure is repeated until the 

desired thickness of the laminate is reached, after 

which the composite is demoulded when cross-

linking and drying are completed. 
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2.0 MATERIALS AND METHODS 
 

2.1 Materials/Equipment 
The materials used for the production of the 

specimens were, Polyester resin (i.e. the matrix), 

continuous strand mat glass fibre (i.e. the 

reinforcement), Soft wood sawdust particles 

(filler,) Catalyst (methylethyl ketone peroxide), 

Accelerator (cobalt amine), Wooden moulds, 

Thick engine oil (SAE40) and 20 mm width roller 

with wooden handle while universal testing 

machine was used for the tests. 

2.2 Preparation of Specimens 
All the specimens were produced using hand-lay 

up open mould technique. Prior to the production 

of the specimens, the internal surfaces of the 

wooden moulds were thoroughly rubbed with the 

engine oil to serve the function of gel-coat. The 

sawdust, polyester resin and the reinforcement 

respectively were combined to produce each of the 

specimens. Each quantity of the sawdust and the 

polyester resin respectively were combined and 

mixed thoroughly in a plastic container. The 

mixture in each container was injected with few 

drops of the catalyst and the accelerator 

respectively and re-thoroughly mixed. The 

compound mixtures together with the 

reinforcement were used to produce the composite 

specimens.                                                 

Prior to testing, the moulds and their contents were 

left in open air for three days to cross- link and 

dry. The cured specimens were demoulded and 

designated C0, C1, C2, C3, C4, and C5 

respectively.  The test pieces original parameters in 

terms of mass, dimension and cross-sectional areas 

were tabulated. It was assumed that there was 

neither loss nor gain in the combined weight of 

each specimen. 

 

 

 

Table 1:  Combination of Constituents Materials in Terms of Mass 

 

Specimen Mass of  Sawdust 

(g) 

Mass of Polyester resin 

(g) 

Mass of  CSM 

glass fibre (g) 

C0 0 70 45 

C1 4 75 45 

C2 8 80 45 

C3 12 85 45 

C4 16 90 45 

C5 20 95 45 

 

                                                                                                                                             

 

Table 2: Specimens Parameters Prior to Testing 

                                 

Specimens Weight 

( kg) 

Dimension 

(mm)   (HxLxB) 

Cross-sectional area 

(x10
-3

m
2
) 

C0       0. 115     30x10x10               1.0 

C1        0.124     70x35x30               1.05 

C2        0.133      70x35x35                1.23 

C3         0.142     70x40x35                1.40 

C4         0.151      70x50x35                 1.75 

C5         0.160     70x60x35                 2.10 
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2.3 Testing of Specimens 
All the specimens were tested on the universal 

testing machine. 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. 

The applied compression forces and the 

corresponding reduction in height of each of the 

specimen up to the failure stage were recorded. 

  

 

3.0 RESULTS AND DISCUSSIONS 
 

3.1 Results   
From the test data, the compressive strengths and the 

strength to weight ratio of each specimen were 

calculated while the modulus of elasticity (stiffness) 

of the specimens were determined from the stress / 

strain graphs drawn for each one of them (Table 3).   

 

Table 3: Summary of results 

 

Specimens Ultimate compressive 

Force (KN) 

Compressive 

Strength  (MPa) 

Modulus of 

elasticity (GPa) 

Strength-weight 

ratio  (MPa/kg) 

C0 70.50 70.50 2.13 613.04 

C1 86.38 82.27 2.90 663.47 

C2 110.80 90.08 3.07 677.29 

C3 143.70 102.64 4.46 722.82 

C4 227.45 129.97 4.49 860.73 

C5 279.66 133.17 5.17 832.31 

 

3.2 Discussion of results 
Improvements on the mechanical properties of fibre 

composite materials are mostly done during the 

production stage. The improvement is effected by 

the use of filler mixed with the matrix (one of the 

primary materials). The filler material is added with 

the aim of improving the composite properties 

without appreciable increase in the weight of the 

composite. This calls for the use of low density 

material which the sawdust satisfied. One of the 

objectives of using fillers to improve composite 

mechanical properties is for the composite to 

withstand heavier loads without increase in the 

volume of the reinforcement that would have been 

used for low load if there were no filler added to it. 

From Table 3, it is very clear that the ultimate 

compressive force, compressive strength and 

modulus of elasticity (stiffness) of the specimens 

increase with increase in the weight of sawdust and 

of course the size of the composites. This is due to 

the fact that the sawdust added constituted additional 

material that would add to the weight and size of the 

composite specimens and thus the forces required to 

compress them to failure. One of the objectives of 

using fillers to improve composite mechanical 

properties is for the composite to withstand more 

loads without appreciable increase in its weight.  

This factor necessitated the calculations of the 

strength to weight ratios of the specimens.  

Specimen C4 has the highest value of 860.73 

MPa/kg for the strenght-weight ratio.. This analysis 

combined the effects of improved strength and low 

weight of the composite desired and thus preferred 

to others. The compressive strength of specimen C4 

is 129.97 MPa.  The percentage improvement on the 

strength is, (129.97-70.50)/70.50 = 0.8435x100% = 

84.4% 

The stress/strain graphs of the specimen were drawn 

and found to conform to a particular shape similar to 

hard and brittle materials. Also on the stress/strain 

graphs, the ultimate and the fracture stresses 

coincided. This indicates the brittleness of the 

specimens. From the stress/strain graphs the 

modulus of elasticity which expresses the stiffness 

of the materials was also determined. The results 

showed that the more sawdust added the more the 

material becomes rigid.  

These facts had been proved during the testing when 

high magnitudes of forces were applied without 

much decrease in heights before failure.  The modes 

of failure of the composite was  matrix cracking and 

fibre buckling and delamination.  

  

 

 

Sadiq, A.S. and Adisa, A.B. (2012). pp.88- 92. 
91 



Journal of Engineering and Technology (JET)  Vol. 7 No. 1 & 2 August 2012 

4.0 CONCLUSIONS AND RECOMMENDATIONS 
 

4.1 Conclusions 
The central focus of this work was to assess the 

effectiveness of using sawdust for improving the 

compressive strength of continuous strand mat 

reinforced polyester composite via hand lay-up 

method of production. From the strength to weight 

ratio analysis, the value of the compressive strength 

of the selected specimen (C4) was 129.97 MPa 

while that of non sawdust specimen was 70.50 MPa. 

These results indicate an efficiency of 84.4% 

improvement on the compressive strength of the non 

sawdust composite. The result showed that sawdust 

is a good material that may be used alongside the 

other existing materials for improving the 

compressive strength of glass reinforced polyester 

composite via hand lay- up method of production. 

4.2 Recommendations 

In view of the experiences in this work and the 

rising use of GRP composite materials in wide range 

of engineering applications, the following 

recommendations are made: 

(i) For compromise between strength improvement and 

lightweight, the mass of sawdust to be added to the 

polyester resin should not exceed twenty percent (20%) 

of mass of the polyester resin for proper impregnation 

and bonding.  

(ii) Prior to the moulding process, the filler should be 

thoroughly mixed in polyester resin to enhance 

uniform distribution of it in the resin and consequently 

on the reinforcement.  This will produce homogeneous 

material with improved compressive strength. 

(iii)  Whenever sawdust is to be used for improving 

mechanical properties of fibre reinforced composite, 

closed mould with little applied pressure on top of the 

female mould should be adopted in the hand-lay up 

techniques. This process will not only help to improve 

the materials interface bonding, but will also help to 

minimize surface flaws and produce rigid and compact 

structure. 
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