
1 1

RESEARCH ARTICLE

1 2, V. Manikandan3,
B. Pazhanivel4

1Department of Mechanical Engineering, A. C. College of Engineering and Technology,
Karaikudi – 630004, Tamilnadu, India

2Department of Mechanical Engineering, Tamilnadu College of Engineering,
Coimbatore – 641659, Tamilnadu, India

3Principal, Department of Mechanical Engineering,
SVCCE & T, Puliankudi, Tamil Nadu, India

4Engineering Service Division, Central Electro Chemical Research Institute,
Karaikudi – 630006, Tamilnadu, India

E-mail: 1athimania@yahoo.in, 2thiruchim_research@rediffmail.com,
3vaimanikandan@yahoo.com, 4palcecri@yahoo.co.in

Keywords: Polymer-matrix composite Hybrid composite  Mechanical 
properties Scanning electron microscopy

Introduction

strength and stiffness [1]. The extensive research work has been carried out 

environmental awareness. They are naturally available in abundance and can 

from natural plants are utilized for commercial applications such as household 
applications, automotive industries, etc. [3]. The composites made of polymeric 
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materials are being used in many applications, such as industrial, construction, 
marine, electrical, household appliances, automotive, sporting goods, etc. The 
polymeric composites have high strength, high stiffness, light weight and high 
corrosion resistance [2]. Many investigations have been reported on several 

mechanical properties. The tensile strength of plain weave hybrid ramie–cotton 
fabrics polyester matrix composites was determined as a function of the volume 

as the storage modulus, damping behaviour and static mechanical properties 

[10]. The water absorption behavior, the effect of the temperature of immersion, 

reinforced composites were evaluated [11]. The static and dynamic mechanical 

studied [12]. An investigation has been conducted on short randomly oriented 

mechanical performance [13].

The statistical design of experiments is the process of planning the experiments 
in order to get the output data uniformly distributed all over the ranges of 

experiments is the process of planning experiments so that appropriate data will 
be collected, the minimum number of experiments will be performed to acquire 
the necessary technical information, and suitable statistical methods will be used 
to analyse the collected data. Thus there are two aspects to any experimental 
design, the design of experiment and the statistical analysis of the collected data. 
Generally two approaches were used in studies to predict yarn quality from 

Statistical or empirical models have relatively higher predictive power than 
theoretical models. Multiple regression analyses are the most common statistical 
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and natural abundance [19]. But it has not been explored as a reinforcing material 
for a commodity thermosetting so for. Besides, there is no previous report on 

its own special mechanical properties. According to Mohanty et al [20] the 

composite. Based on the commercial applications like house-hold furniture 
and industrial applications, the investigation like the present contribution is 

composite were investigated. Besides, the glass/polyester composites were also 
prepared to compare the mechanical properties. The experimental results were 
compared with predicted results using regression model.

Materials

 and Agave sisalana
0.4m. The sisal leafs were cut from sisal plant and tied into bundles in bags. 
Then the bags containing the sisal leafs were retted in water for 3–4 days. The 
retted leafs were washed in running water and the top portion of the leafs 

was cleaned and dried in the sunlight. The mechanical properties of the sisal 

harvested at the bud stage. The stalks were tied into bundles and retted in water 
for 3–4 days. The retted stem of the roselle plant was washed in running water. 

10–30wt% and length of 50–150 mm were used as reinforcements to unsaturated 
polyester–based matrices, Trade name Satyan Polymer supplied by GV Traders. 
Unsaturated polyester is an economical thermoset resin that is widely used 
due to its excellent process ability and good cross linking tendency as well as 
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mechanical properties when cured [24, 25]. Methyl ethyl ketone and Cobalt
napthenate were used as accelerator and catalyst respectively. Typical properties 
of unsaturated polyester are given in Table 2.

Fiber Strength MPa Strain % of elongation Modulus of GPa
Roselle
Sisal 0.11–0.15 11–15 1.46

 360 mm  3 mm. The resin was degassed before pouring and air bubbles were 
removed carefully with a roller. The closed mould was kept under pressure for 
24 h. The samples were cured at 30° for 24 h followed by a post curing in an oven 

3 mm. The length, width and the thickness of each sample were approximately 
150 mm  20 mm  3 mm, respectively. However, the glass/polyester composites 
were also prepared as mentioned above. Several glass/polyester composites 

kept constant to 5 cm for all glass/polyester composites. To analyse the effect of 

The balance of the mixture was made up of the polyester resin to give a total 

impact strength determination were prepared into standard ASTM test 
specimens.

Material characterization

testing methods. The tensile strength of the composites were measured with a 

 Typical properties of unsaturated polyester resin matrix
Appearance Yellow viscous liquid

1.1
Viscostity

110

42.5
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on the same machine using the 3-point bending method according to ASTM

samples was measured using an Izod impact test machine. All test samples were 

was supported as a vertical cantilever beam and broken by a single swing of a 
pendulum. The pendulum strikes the face of the notch. For statistical purposes, 
a total of six samples for each tests were carried out at room temperature. The 

impact fracture surfaces of roselle/sisal/polyester hybrid composites using 

Several prediction techniques have been proposed to model the mechanical 
properties of composite material in terms of different parameters. The regression 

reinforced polymer composites. The positive hybrid effect is achieved in tensile 

statistical prediction using RM.
The data collected from the experiments was used to build a mathematical model 
using regression analysis. The proposed relationship between the response 
variables and fabrication parameters can be represented by the following form:

Y = f (l, c)    
l, c Y is the 

observed response.
Regression equations were found to get the relation between response variable 

The model will be in the form of:

t

where  and  are constants. t and 
l c

Results and discussion

The importance of mechanical properties analysis as a main tool in the study 
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the nature of the polymer matrix, distribution and orientation of the reinforcing 

measured properties of composite materials used in structural applications 

content and length varied from 5 to 15wt% and 50 to 150 mm. The tensile and 

Fig. 4

was very low when comparing with glass/polyester composite. But this result 

According to Carlo Santulli [26], the mechanical properties of hybrid composites 

and controlled occurrence of defects, which are irregularly spaced alone their 

and a pronounced strain rate effect would also be observed. This has also an 
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Fig. 1

Fig. 2
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Fig. 5 SEM image of fractured surfaces of composites reinforced with 30 wt% & 150 mm 
× ×

× × ×
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The impact strength of the glass/polyester composite with 10wt% and 50 mm 
is 2.36KJ/m2 as shown in Fig. 4. But the roselle and sisal hybrid composite with 

as given in Table 3. It is comparatively well also very low when comparing with 

Carlo Santulli suggested that defects have a more central role in affecting impact 

increase the impact strength of the roselle and sisal polyester hybrid composite 

The variation in Izod impact strength of short roselle and sisal hybrid polyester 

SI. No Fiber length 
in cm

Fiber content 
in wt%

Matrix
proportion in 

wt%

 Tensile 
strength in 

MPa

 Flexural 
strength in 

MPa

Impact
strength in 

KJ/m2
1 5 10 90 32.4 51.3 1.3
2 20 60.3 1.33
3 30 64.1 1.35
4 10 10 90 59.1 1.41
5 20 44.6 63.2 1.4
6 30 52.4 1.39

15 10 90
20 50.9 69.2 1.25

9 30 1.32

SEM image of the fractured surface of the composite specimen with 30wt% and 
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composite specimen with 10 wt% & 100 mm broken under impact is shown in 

t  l 0.22  c 0.25

 l  c 0.15

R2

R2 is a 

In regression, the R2

how well the regression line approximates the real data points. An R2 of 1.0 

respectively. From the values of R2 and average absolute percentage errors, it is 

Fig. 3
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experimental and predicted strength values.

Fig. 6 Comparison of experimental and predicted tensile strength values

Fig. 7

Conclusions

expected to give less health problems for the people producing the composites. 
They do not cause skin irritations and they are not suspected of causing lung 
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R2 and low 
average absolute percentage error values obtained. This means that a good 

showed a good potential to model the mechanical properties of Roselle and sisal 

predicted values showed that they were in good agreement. The results show 

mechanical performance. 
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