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ABSTRACT. The comparison of micro mechanics analyses to some empirical properties of cochlospermum planchonii 
(ukam) fibre reinforced polyester composite has been undertaken. The study developed the composites, which were 
characterized, and empirical values were generated. The polyester and the ukam fibre, which were used in the manufacture 
of the composites via weight fractions were also characterized. The properties of the polyester and ukam fibre were then 
used in the micro mechanics analyses of the developed composites. The study revealed that reinforcement-matrix 
proportion played a major role in composite property determination. This was observed from both the empirical properties 
measured and the micro mechanics analyses. It was also observed that micro mechanics analyses did not agree with 
empirical properties in all cases; this the study revealed that it was because of the complex nature of the interactions 
between parameters responsible for properties in composites. The study has indicated that where micro mechanics 
analyses agree with empirical property of the composite the law of mixtures can be used to predict the property of the 
composite. 

 

Introduction. According to [11] the fabrication and properties of composites are strongly influenced 
by the proportions and properties of the matrix and the reinforcement. The proportions can be 
expressed either via the weight fraction ( ), which is relevant to fabrication, or via the volume 
fraction ( ), which is commonly used in property calculation. The definitions of  and  are related 
simply to the ratios of weight (W) or volume (V) as shown below.  
Volume fractions: 

 

   (1, a) 

 
Weight fractions: 

 
 wf = Wf / Wc and wm = Wm / Wc   (1, b) 

 
where the subscripts m, f and c refer to the matrix fibre (or in the more general case, reinforcement) 
and composite respectively. 

                                                 
1  article under the CC BY-NC-ND license 
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We note that,  

 

vf + vm = 1 and  

 

We can relate weight to volume fractions by introducing the density, , of the composite and its 
constituents.  

 
Wc = Wf + Wm , which as  becomes 

 

cVc fVf + mVm  c fVf mVm  (2) 
 
It may also be shown that, 

 

   (3) 

 
And similarly,  

 

   (4) 

 

We can see that it is possible to convert from weight fraction to volume fraction, and vice versa, 
f m) are known. Equation 2, shows 

that, the density of the composite is given by the volume fraction adjusted sum of the densities of the 
constituents. This equation is not only applicable to density, but in certain circumstances, may apply 
to other properties of constituents. A generalized form of the equation is  
 

Xc = XmVm + XfVf   (5) 
 

where Xc represents an appropriate property of the composite; 
V is the volume fraction and the subscripts m and f refer to the matrix and reinforcement 

respectively.  
This equation is known as the Law of Mixtures [11]. 

The properties of composites are very important since they determine their areas of application. Most 
properties of a composite are a complex fraction of a number of properties as the constituents usually 
interact in a synergistic way so as to provide properties in the composite that are not fully accounted 
for by the law of mixtures [[1], [2], [3], [7], [11]]. The chemical and strength characteristics of the 
interface between the fibres and the matrix, is particularly important in determining the properties of 
the composite. The interfacial bond strength has to be sufficient for load to be transferred from the 
matrix to the fibre, if the composite is to be stronger than the unreinforced matrix. On the other hand, 
if we are concerned with the toughness of the composite, the interface must not be so strong that it 
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does not fail and allow toughening mechanisms such as debonding and fibre pull-out to take place 
[[6], [7], [8], [9], [10], [12]. 
Other parameters which may significantly affect the properties of a composite are the shape, size, 
orientation and distribution of the reinforcement and various features of the matrix such as the grain 
size for polycrystalline matrices. These, together with volume fraction, constitute what is called the 
microstructure of the composite [[11], [13], [14], [15], [16], [17]. 
The use of the law of mixtures in studying the properties of composites has its basis in what is called 

manufacture is the combination of fibres and matrix, it would be very helpful if we could predict the 
behavior of the composite from knowledge of the properties of the constituents alone. There are 
however, many limitations to such micromechanics analyses [[11], [19], [20]]. However, studying 
performance on a micro scale is essential if we are to understand fully what controls the strength, 

ientation and the addition of additives. Rasheed et al [18] found 
that the tensile strength of the composite increases with the fibre volume fraction up to 40% and after 
which it decreases slightly 

The objective of this research is to apply the law of mixtures in the micromechanics analyses of some 
properties of polyester composite reinforced with cochlospermum planchonii fibre.  

Materials and Method 
Materials  
The materials used for this work were: polyester resin, ukam fibre (cochlospermum planchonii fibres), 
sodium hydroxide, acetic acid, releasing agent, methyl ethyl ketone peroxide, calcium carbonate, 
cobalt naphthenate and water. 

Equipment  
The equipment used for the study were as follows: rule, digital weighing balace, Moulds, Tensile 
Strength Tester, Scanning Electron Microscope, Universal Testing Machine, Flexural Testing 
Machine, Compression Testing Machine, Rockwell  B scale, and Impact Testing Machine 

Method  
The work commenced with the production of the composite using polyester as the matrix and 
cochlospermum planchonii as the fibres. Cut stems of the plants were soaked inside flowing water 
for thirty days. This enhanced the decay and removal of the thin back of the plant leaving behind, 
white fibrous stems (see Fig. 1). The fibres were removed from the fibrous stems with hands (see 
Fig. 2). The density, tensile strength, SEM analysis, and water absorption characteristics of the 
produced fibres were all determined. The produced fibres were then used in the development of 
polyester composite using various weight fractions of the fibre, which were randomly oriented in the 
matrix (see Table 1). The produced composites were allowed to cure for 24 hours before the 
commencement of their processing into standard test specimens which were used for characterization 
of the produced composites. Figs. 3-6 show some equipment, the developed composites, and some 
specimens which were used for the characterization of the produced composites.  
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Fig. 1. Cut stems of cochlospermum planchonii fibres. 

 

 
Fig. 2. Treated and dried cochlospermum planchonii fibres. 

 

 
Fig. 3. Scanning electron microscope. 
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Fig. 4. Developed samples of cochlospermum planchonii reinforced polyester composites. 

 

 
Fig. 5. Test Specimens of cochlospermum planconii reinforced composite for tensile test. 

 

 
Fig. 6. Universal strength testing machine (Testometric). 
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Results and Discussion 
Results.  The results of the research are as presented in Tables 1-4. The micromechanics analyses 
was accomplished using equation 5. 

The initial conditions: 
Density of fibres = 1.6 g/cm3 

Tensile strength of fibre = 1803.11 MPa 
Water absorption of fibre= 0.83% 

Extension: 0.46mm 

Polyester properties: 
Density = 1.45 g/cm3 

Tensile strength = 15.59 MPa 

Water absorption = 0.38%  
Elongation = 2% 

 
Table 1. Weight and Weight Fractions of Cochlospermum Planchonii fibre and Polyester. 

Wt. of 
Reinforcement ( ) 

wt. of matrix 

(  

wt. fraction of 
reinforcement (  

wt. fraction of matrix (  

20 80 0.20 0.80 

30 70 0.30 0.70 

40 60 0.40 0.60 

60 40 0.60 0.40 

 
 

Table 2. Density values of the Developed Composites with the Micromechanics Analyses values. 

S/no. % Reinforcement Density (Empirical 
values) g/cm3 

Density (Micromechanics 
analyses) g/cm3 

1 0 1.45 1.45 

2 20 1.55 1.48 

3 30 1.60 1.50 

4 40 1.90 1.51 

5 60 1.83 1.54 
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Table 3. Water absorption Capacity of the developed composites with the Micromechanics Analyses 
values. 

S/no. % Reinforcement Water absorption capacity 
(Empirical values) % 

Water absorption capacity 
(Micromechanics analyses values) 
% 

1 0 0.31 0.31 

2 20 0.31 0.46 

3 30 0.38 0.49 

4 40 0.38 0.52 

5 60 0.53 0.57 

 

Table 4. Tensile strength values of the Developed Composites with the Micromechanics Analyses 
values. 

S/no. % Reinforcement Tensile strength (Empirical 
values) MPa 

Tensile strength 
(Micromechanics analyses 
values) MPa 

1 0 15.59 15.59 

2 20 27.14 373.094 

3 30 41.67 551.846 

4 40 49.40 730.598 

5 50 - 909.35 

6 60 46.13 1088.102 

7 70 - 1266.854 

 
Table 5. Extension values of the Developed Composites with the Micromechanics Analyses values 
Extension. 

S/No. % Reinforcement Extension (Empirical values), 
mm 

Extension (Micromechanics 
analyses values), mm 

1 0 3.07 3.07 

2 20 4.70 2.548 

3 30 5.63 2.287 

4 40 6.90 2.026 

5 50 - 1.765 

6 60 6.50 1.504 

7 70 - 1.243 

 
Discussion. Table 2 shows the densities of the developed composites with the micromechanics values 
of the densities of the composites. The micromechanics analyses show that as the fibre reinforcement 
is increasing, the density property of the composite is also increasing. The same trend can be observed 
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in the empirical values; however, the empirical values are higher than the micromechanics values, 
reasons have been advanced earlier in the introducing part of this paper. Another reason is that, the 
law of mixtures accuracy also depends on the correct measurement of the property of the matrix and 
the reinforcement [[1], [2], [3], [7], [11]]. 
Table 3 shows the water absorption capacity values of the developed composites with the 
micromechanics values of the water absorption capacity of the composites. The micromechanics 
analyses show that the water absorption capacity increases with increase in fibre reinforcement in the 
composite. This trend can also be seen with the empirical values of water absorption capacity. The 
water absorption capacity values of the micromechanics analyses are however, higher than those of 
the empirical values. Again, it should be noted that the closeness or accuracy of the micromechanics 
values to empirical values depend on the correct measurement of the values of the matrix and the 
fibre in addition to other factors [[6], [7], [8], [9], [10], [12]]. 
Table 4 shows the tensile strength values of the developed composites with the micromechanics 
Analyses values. The micromechanics analyses show that as the fibre reinforcement is increasing the 
tensile property of the composites is also increasing. The same trend is observed with the empirical 
values. The empirical values are however, higher than the micromechanics values. This is not 
surprising because the matrix tensile strength of 15.59 MPa is quite lower than the 45  85 MPa range 
obtained from most polyesters. The micromechanics analyses values are more realistic since they are 
closer to strength values commonly found in polyester fibre reinforced composites (140 MPa and 
above) [[11], [13], [14], [15], [17]]. 
Table 5 shows the extension values of the developed composites with the micromechanics analyses 
values of the extension of the composites. The micromechanics analyses show that as fibre 
reinforcement is increasing, the extension property of the developed composites is decreasing. 

This does not agree with the empirical values trend, which show that as the reinforcement is 
increasing, the extension property of the composites is also increasing. It has earlier been mentioned 
in the introductory part of this paper, that most properties of a composite are a complex function of a 
number of parameters as the constituents usually interact in a synergistic way so as to provide 
properties in the composite that are not fully accounted for by the law of mixtures [[11], [19], [20]].  
Tables 4 and 5 have shown that it is possible to use micro mechanics analysis to predict the properties 
of composites. This can also be seen in previous work of Matthews and Rawlings [11]. Previous 
researchers [[11], [13], [14], [15], [16], [17]] have shown that the fabrication and properties of 
composites are strongly influenced by the proportions and properties of the matrix and the 
reinforcement. Several authors are also of the opinion that studying performance on a micro scale is 
essential if we are to understand fully what controls the strength, toughness, etc. of composites [[6], 
[7], [8], [9], [10], [12]]. There are however many limitations to such micro mechanics analysis. 
Becaus
fibres and matrix, it would be very helpful if we could predict the behaviour of the composite from 
knowledge of the properties of the constituents alone [[11], [18], [21]]. 
Summary. 
empirical properties of polyester based composition reinforced with cochlosoermum planchonii 

 were drawn from the work: 

1. Most properties of composites are a complex function of a number of parameters as the constituents 
usually interact in a synergistic way so as to provide projections in the composite that are not fully 
accounted for by the law of mixtures.  
2. Provided the property of the matrix and the fibre has been measured correctly, micromechanics 
analyses can be used to predict some properties of the composite. 
3. The study has shown that micromechanics analyses of the properties of polyester based / composite 
reinforced with cochlospermum planchonii (ukam) fibre does agree with the trend of empirical 
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properties for density water absorption capacity and tensile strength, but disagree with extension 
property. 
4. Both the empirical results and micromechanics analyses have shown that proportions of the matrix 
and reinforcements expressed in weight fractions or volume fractions is a major determinant of 
cochlospermum planchonii reinforced polyester composite properties. 

Acknowledgement 
The authors of this work are sincerely indebted to the technologists in the Materials Testing 
Laboratory of NMDC and other technologists in DICON, Kaduna, who assisted with the 
characterization of the composite specimen and time will not allow in mentioning you by names. 

References 
[1] Balarami, R. (2013). Mechanical performance of green coconut fiber/HDPE Composites. Int. 
Journal of Engineering Research and Applications 3: 1262-1270. 
[2] Bascom, W.D. (1987). Fiber sizing. Engineered Materials Handbook  Volume 1: Composites. 
Metals Park, OH: American Society of Metals, pp 34  35. 
[3]  Benjamin, C. and Tobias (1990). Fabrication and Performance of Natural Fiber-Reinforced  

[4] Composite Material. 35th International SAMPLE Symposium and Exhibition, Anaheim, pp. 970-
978.  

[5] Burkill, H.M., (1985). The useful plants of West Tropical Africa. United Kingdom: Families A
D. Royal Botanic Gardens, Kew Richmond, 2nd Edition, Vol. 1, pp. 960. 

[6] Giuseppe, C., Alberta, G. Latteri, and C. Gianluca (2011). Composites Based on Natural Fibre 
Fabrics, Woven Fabric Engineering, Polona Donik Dubrovski (Ed.), ISBN:978-953-307-194-7, pp. 
317  342 
[7] Hull, D and T.W. Clyne (1996) An Introduction to Composite Materials (2nd edition) Cambridge: 
University Press, p 65. 
[8] Irawan, A.P., T.P. Soemardi, K Widjajalaksmi, and A.H.S. Reksoprodjo (2011) Tensile and 
flexural strength of ramie fiber reinforced epoxy composites for socket prosthesis application. 
International Journal of Mechanical and Materials Engineering 6 (1): 46-50. 

[9] Ku, H., H.Wang, N.Pattarachaiyakoop and M Trada (2009) A review on the tensile properties of 
natural fibre reinforced polymer composites. Journal of Reinforced Plastics and Composites 28:1169-
1189. 
[10] Kumar, D. (2014) Mechanical characterization of treated bamboo natural fiber composite. 
International Journal of Advanced Mechanical Engineering. 4( 5):551-556. 
[11] Matthews, F.L. and R. D. Rawlings (2005) Composite Materials: Engineering and Science, 5th 
Edition London: WoodHead Publishing Limited, pp 1- 300. 
[12] Munikenche, T. G., A.C.B. Naidu , C. Rajput (1999). Some mechanical properties of untreated 
jute fabric-reinforced polyester composites. Science Direct Journals 30:227 -284. 
[13] Naveen, P. N. E. and M.Yasaswi (2013) Experimental analysis of coir-fibre reinforced polymer 
composite materials. International Journal Of Mechanical Engineering & Robotics Research, 2 (1): 
10-18. 

[14] Onah, D.O. (2016) Development and Characterisation of Cochlospermum Planchonii Fibre 
Reinforced Polyester Composite, M.Eng Degree Dissertation submitted to the Department of 
Mechanical and Aerospace Engineering, University of Uyo, Uyo- Nigeria.  



Mechanics, Materials Science & Engineering, May 2017  ISSN 2412-5954 
 

MMSE Journal. Open Access www.mmse.xyz 
16 

[15] Onuegbu, T.U., E.T.Umoh, and N.C.Okoroh, (2013) Tensile behaviour and hardness of coconut 
fibre-ortho unsaturated polyester composites. Global Journal of Science Frontier Research Chemistry, 
13 (1): 1. 

[16] Olusegun, D. S., S. Agbo and T.A. Adekanye (2012) Assessing mechanical properties of natural 
fibre reinforced composites for engineering application. Journal of Minerals and Materials 
Characterization and Engineering 11: 780-784. 
[17] Osman, E., , A.,Vakhguelt, I. Sbarski and S. Mutasher (2012). Water absorption behavior and 
its effect on the mechanical properties of kenaf natural fiber unsaturated polyester composites. 18th 
International Conference on Composite Materials International Conference on Composite Materials. 
2pp. 
[18] Rasheed, H., M. A. Islam, and F. B. Rizvi (2006). Effects of process parameters on tensile 
strength of jute fiber reinforced thermoplastic composites. Journal of Naval Architecture and Marine 
Engineering (3) 1: 105  117, DOI: 10.3329/jname.v3i1.923 

[19] Senthiil, P.V. and A. Sirshti (2014) Studies on Material and Mechanical Properties of Natural 
Fiber Reinforced Composites. The International Journal of Engineering And Science. Volume 3, pp 
18-27. 
[20] Tuttle, M. (2004). Introduction. In: Structural analysis of Polymeric Composite Materials 
University of Washington, USA, ISBN 0-8247-4717-8, pp. 1-40. 
[21] Ugoamadi, C.C. (2011). Factors that improve the impact responses of ukam plant fibre 
reinforced composite. Nigerian Journal of Technology 30( 3) : 111-117. 
[22] Ihom A.P., Dennis O. Onah. (2016). The Effects of Ukam (Cochlospermum Planchonii) Plant 
Fiber Variation on the Properties of Polyester Matrix Fiber Reinforced Composite. Mechanics, 
Materials Science & Engineering Vol.6, doi: 10.13140/RG.2.2.35903.923202 

  


