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     Abstract: Bamboo (Bambusoideae) normally found abundant 
in South Asian region is known to have a better fabric property 
which is now researched as a natural alternative in various 
applications and field. Various research are being carried out to 
find a suitable replacement for the non-bio degradable plastic 
reinforced composites, which has a negative impact on the 
Environment. A similar attempt is made to present an overview of 
recent research efforts addressing the properties of isophthalic 
polyester based Bamboo fabric mat as a replacement for E-glass 
fabric. The Bamboo fabric is made water repellent and the 
properties are promoted through mercerization process. The 
mercerization process is done using 8% of sodium in water to 
form the sodium hydroxide (NaOH). The property of the fabric is 
further promoted by adding charcoal, during the hand moulding 
process. The composite material is developed with the help of 
isophthalic polyester resin with 2% of accelerator and hardener 
used along with it. Experiments are carried out as per ASTM 
standards to find the mechanical properties namely, tensile 
strength and modulus, flexural strength and modulus, and 
impact strength. In addition to mechanical properties, water 
absorption capacity and the rate of burning of the composites is 
also studied. Further, fractured surface of the specimen is 
subjected to morphological study using scanning electron 
microscope. With help of the research and study, it can be found 
whether the isophthalic resin-based bamboo fabric mat can be 
used as an alternate for E-Glass fabric composite in various 
applications such as automobile and structural applications. 
     Keywords: Bambusoideae, E-Glass, Isophthalic, 
Mercerization, Reinforcement. 

I. INTRODUCTION 

     In the modern era, the demand for natural composite is 
increasing every day. In a research conducted in Japan in 
2001, it is the total amount of consumption of Glass Fibre 
Reinforced Plastics was about 382 thousand tons in their 
country. The replacement of the natural polymer over 
synthetic polymer is achievable due to the advantage which 
natural polymer possess.  
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Eco-friendly green composites from crop-derived plastics 
and plant derived fibre are novel materials for the 21st 
century and can be of great importance to the world of 
engineering materials and science[1]. The major advantages 
of natural composites are low cost, low density, easily 
accessible and renewable. The major concern regarding 
natural polymer is its mechanical strength not up to the 
synthetic polymer. But this disadvantage can be overcome, 
by adding fillers and fibres. With this, most of the 
non-renewable synthetic polymer can be replaced with the 
renewable natural polymer.  The Bamboo is the fast-growing 
plant in the world. It grows 21 centimetre per day and reaches 
its final height in just 6 months. The maturity of the Bamboo 
is 4-6 years. Bamboo are naturally growing plant where 
enormous capacity of the plant is renovated without 
reseeding. Environmental benefits of planting Bamboo plants 
are preventing soil erosion, increases the organic material of 
the soil. The Bamboo plant also observes large amount CO2 
from atmosphere compared to other many plants. 
Researchers say that 1 hectare of Bamboo plants will 
sequesters 62 ton of CO2 per year[2]. Due to the 
longitudinally aligned fibre body, it derives the high strength 
to weight ratio, which is why the Bamboo fibres are often 
termed as ‘natural glass fibre’[3]. Bamboo fibres can be 

extracted using various methods like steam explosion, 
chemical extraction, mechanical extraction and combination 
of both chemical and mechanical extraction. Apart from the 
environmental aspects, various reasons are also put forth for 
the selection of Bamboo fabrics. The fibre yield of Bamboo 
per hectare is comparatively higher than many plants with 
lower number of days for growing cycle. Also, the Bamboo 
fabric shows a lot of similarities when compared with 
E-Glass fibre, which includes the same elastic behaviour 
under tensile load. In order to enrich the hydrophobicity of 
the natural fibre, chemical treatment with appropriate 
coupling agent, will enhance the overall mechanical property 
and the environmental performance [4].       

II. FABRICATION 

A. Materials used  

The Bamboo fabric is ordered and purchased from the 
Anakaputhur Jute Weavers Association. The E-glass mat and 
the isophthalic polyester resin, and corresponding hardener 
and accelerator supplied by Sakthi fibre glass, which were 
used to prepare the composites. 
The Bamboo fabric and E-Glass 
are bow obtained in mat form.  
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Fig. 1. Weaving of Bamboo Fabric 

 

Fig. 2. Bamboo Fabric 

 

Fig. 3.E-Glass Fabric 

 

Fig. 4. Isophthalic resin, hardener and Accelerator 

The fabrics are isolated and dried separately. In order to 
increase the properties of the Bamboo fabrics, it is 
chemically treated with water solution containing 8% sodium 
salts dissolved in it, this process is called as mercerization 
process.  

Fibre – OH + NaOH  Fibre – O – Na + H2O [5]   (1)  

The Bamboo fabric is immersed in the 1N 8% NaOH solution 
for 8 hours followed by drying it in closed room atmosphere 
for 48 hours. This process converts the hydrophilic property 
of the Bamboo fabric into hydrophobic property, thus 
making it a water negating specimen. Then the Bamboo 
fabrics where cut into uniform shape.  

III. B. Composite Fabrication  

The isophthalic resin and its corresponding accelerator and 
hardener were mixed in the ratio 1:0.02, respectively. Then, 
the pure charcoal brick is crushed into fine particles and is 
added up to 10% of the volume of the isophthalic resin 
solution. In order to enhance improved internal bonding and 
to increase crosslink density of the composites, the charcoal 
is used as the filler material to the isophthalic resin 
solution[6]. 

 

Fig. 5.Bamboo Fabric Composite 
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Fig. 6.E-Glass Fibre Composite  

Initially 750 ml of isophthalic resin is taken in a container, 
then the respective quantity of hardener and accelerator are 
added along with the resin mixture. The composite is 
obtained by stratifying the fabrics and isophthalic resin 
mixture stacked alternatively. The process is carried out by 
hand moulding process and the outcome of the composite is 
shown in the Fig.5 and Fig.6.   

IV. METHODOLGY 

     Various mechanical test is carried out in order to 
understand and compare the mechanical property of the 
isophthalic based Bamboo fabric and E-glass fabric. All the 
mechanical test is carried out according to the ASTM D 
standards. The following are mechanical test carried out: 

A. Tensile Test 

     A tensile test, also known as a tension test, is one of the 
most fundamental and common types of mechanical testing. 
In tensile test, a tensile (pulling) force is applied on a material 
and the reading are measured based on the specimen's 
response to the stress. With help of Tensile test, the strength 
of the material tested can be determined and the test is carried 
out to determine the breaking point of the material tested. 
The tensile strength and modulus were determined from the 
stress–strain curves. Researchers says, when compared with 
other natural fibers, Bamboo has Higher elongation at 
Fracture i.e. more flexible than Jute and Kenaf[7]. Five 
samples were tested in each set and average is tabulated for 
each specimen. 

 
Fig. 7. Test specimen made for Tensile Test  

Fig.7 shows the specimens prepared for tensile test. Fig.8 
represents the anatomy of the Universal Testing Machine 
(UTM). Tensile tests are typically conducted 

on electromechanical or Universal Testing Machine (UTM) 
at a crosshead speed of 50 mm/min and a gauge length of 50 
mm. The Tensile test was conducted according to the ASTM 
D 638 standards. The test specimens used were rectangular in 
shape with dimensions 120 mm x 12.5 mm x 3 mm. Five 
samples were tested in each set and the average is tabulated 
for each specimen for further calculation. 

 

Fig. 8. Universal Testing Machine (UTM) 

B. Flexural Test 

     Flexure tests are generally used to determine the flexural 
modulus or flexural strength of a material. Flexural strength 
is defined as a materials ability to resist deformation under 
load. The material is laid horizontally over two points of 
contact (lower support span) and then a force is applied to the 
top of the material through either one or two points of contact 
(upper loading span) until the sample fails. The maximum 
recorded force is the flexural strength of that sample. The 
flexural modulus of the material increases with increase in 
fiber loading[8]. 

 
Fig. 9. Pictorial Representation of 3-point Flexural 

Testing 
Flexural test which generally promotes failure by 
inter-laminar shear.  A three-point bend test consists of the 
sample placed horizontally upon two points and the force 
applied to the top of the sample through a single point so that 
the sample is bent in the shape of a “V. This test is conducted 

as per ASTM D790 standard using UTM.  
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Flexural properties of the composites were measured by a 
three-point loading system as per ASTM D 790 using a 
universal testing machine with rectangular samples of 
dimension 120 mm x 12.5 mm x 3 mm. A minimum of five 
samples were tested in each case and average of these results 
are tabulated for future calculation. Flexural test arrangement 
is shown in the Fig.9. The maximum fiber stress at failure on 
the tension side of a flexural specimen is considered the 
flexural strength of the material. 
C. Compression Test 

The goal of a compression test is to determine the behavioral 
response of the material while it is subjected to a compressive 
load by measuring fundamental variables, such as, strain, 
stress, and deformation. A compression test is a test in which 
a material experiences opposing forces that push inward 
upon the specimen from opposite sides. By testing a material 
in compression, the compressive strength, yield strength, 
ultimate strength, elastic limit, and the elastic modulus 
among other parameters is determined. Both the samples are 
taken as the measurement of 120 mm x 12.5 mm x 3 mm 
thickness. The compression test is also carried out in the 
universal testing machine. The samples are loaded in the 
machine and results are tabulated. 
D. Impact Test  

Impact is a single point test that measures a materials 
resistance to impact from a swinging pendulum. Impact tests 
are used in studying the toughness of material. A material's 
toughness is a factor of its ability to absorb energy during 
plastic deformation. Impact is defined as the kinetic energy 
needed to initiate fracture and continue the fracture until the 
specimen is broken. The impact value of a material can also 
changes with temperature. This test was originally developed 
for testing metals used for cutting, subsequently used by 
plastic industries for material toughness[9].  

 

Fig. 10. Impact testing Machine 

Generally, at lower temperatures, the impact energy of a 
material is decreased. The Fig.10 shows the impact testing 
used for the experimental work. For each case, a sample of 5 
is taken and tested and the average value is tabulated. 
E. Barcol Hardness 

The Barcol hardness test characterizes the indentation 
hardness of materials through the depth of penetration of an 
indentor, loaded on a material sample and compared to the 
penetration in a reference material. The method is most often 
used for composite materials such as reinforced 
thermosetting resins or to determine how much a resin or 

plastic has cured. The test complements the measurement of 
glass transition temperature, as an indirect measure of the 
degree of cure of a composite. It is inexpensive and quick and 
provides information on the cure throughout a part[10]. 

 

Fig. 11. Barcol Impresser 

This is an indentation-type of hardness, where pressure is 
uniformly applied on the surface of a specimen to the dial 
indicator maximum reading. The depth of penetration or 
indentation is then converted into an absolute Barcol number. 
The Barcol number is automatically generated by the 
measuring equipment. 

F. Water Absorption Test 

Water absorption is used to determine the amount of water 
absorbed under specified conditions. Factors affecting water 
absorption include type of plastic, additives used, 
temperature and length of exposure. The data sheds light on 
the performance of the materials in water or humid 
environments. 
For the water absorption test, the specimens i.e. E-Glass 
Fiber and Bamboo Fiber are dried in an oven for a specified 
time and temperature and then placed in a desiccator to cool. 
Immediately upon cooling the specimens are weighed. The 
material is then submerged in water at agreed upon 
conditions, often 23°C for 24 hours or until equilibrium. 
Specimens are removed, patted dry with a lint free cloth, and 
weighed to get the rate at which the water is absorbed by that 
particular specimen. 
G. Rate of Burning  

In this test, the result is the measurement of a material's 
flammability and rate of combustibility of that material. 
Initially the test specimen is supported horizontally at one 
end, and the free end is exposed to a gas flame for 30 
seconds. After removal of the flame, the test specimen is 
observed for time and extent of burning. An average burning 
rate is reported for the composite up to the burnt mark from 
the ignited end [11]. 

V. RESULT AND DISSUCION 

The results are drawn from the average value obtained from 
the following test mention. Minimum of five samples are 
used for the testing. The average value is calculated, and the 
results are tabulated and graphical representation for the 
results are provided.  
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The samples are given the tag A and B as mention below 
A- Bamboo fabric composite 
E-Glass fabric composite 
Similarly, in graphical representation the Bamboo fabric 
composite is indicated using blue colour and the E-Glass 
fabric composite is indicated using orange colour. 
A. Mechanical properties 

Considering the Mechanical aspect such as Tensile, Flexural, 
Compression and Impact Values which is tabulated below in 
Table-I it could be inferred that E-Glass Fibre has 
comparatively greater Mechanical properties than Bamboo 
fabric, but the difference is much negligible.  

Table-I:Mechanical properties readings  

SPECIMEN 
TENSILE 

STRENGTH 
FLEXURAL 

LOAD 
COMPRESSION 

LOAD 
IMPACT 
VALUES 

UNITS (MPa) 
(MPa)  
X 10-1 

(MPa) 
 X 10 2 

JOULES 
 X 10 1 

A 47.82 24.995 45 30 

B 59.26 29.989 63 40 

 

 
Fig. 12. Comparison of Mechanical Properties. 

B. Barcol Hardness 

Based on Barcol Hardness, Bamboo fabric has an average 
hardness of 28 and E-glass Fibre having 31. This shows that 
E-glass fibre is comparatively a bit harder than Bamboo 
fabric. 

Table-II:Barcol Hardness readings 

SPECIMEN BARCOL HARDNESS 

 A 27 28 26 
 

B 31 33 30 
 

 

 
Fig. 13. Comparison of specimens based on Barcol 

Hardness 

C. Water Absorption Test 

While coming to the water absorption test E-glass fibre has a 
comparatively less water absorption rate than Bamboo fabric 
which means that the rate at which the given material absorbs 
water is high in Bamboo fabric. 

Table-III:Water Absorption Test readings 

SPECIMEN WATER ABSORPTION TEST 

UNITS (%) 

A 0.09 

B 0.07 

 

 

Fig. 14. Comparison of specimens based on water 
Absorption. 

D. Rate of Burning 

In terms of Rate of burning it is high in Bamboo fabric 
followed by E-glass by small margin which affects the 
application and usage of the material. 

Table-IV:Rate of Burning readings 

SPECIMEN RATE OF BURNING 

UNITS (mm/min) 

A 20.27 

B 19.45 

 

 
Fig. 15. Comparison of specimens based on Rate of 

burning. 
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VI. SURFACE TOPOLOGY 

A scanning electron microscope (SEM) is a type of electron 
microscope that produces images of a sample by scanning the 
surface with a focused beam of electrons. The electrons 
interact with atoms in the sample, producing various signals 
that contain information about the surface topography and 
composition of the sample. SEM can achieve resolution 
better than 1 nanometre. Initially the sample which is to be 
scanned is Gold coated in an enclosed chamber for one 
minute prior to conducting SEM, this coating is done to 
improve electrical conductivity which eases the imaging 
process[12].  From Fig.16 we can see the scanned image of 
E-glass fiber at 100µm before impact and we could infer that 
molecules are brittle in nature and hence it is not much denser 
when compared with the Bamboo fibre before impact at 
100µm as shown in Fig. 17. Due to this brittleness nature of 
E-glass It lacks certain mechanical properties when 
compared with a Bamboo Composite 

 
Fig. 16.SEM image of E-Glass composite before impact 

Fig.18 Shows the after-impact test conducted on the E-glass 
fibre sample at 50 µm. Due to the Brittleness of the E-glass 
Fibre the molecules of the E-glass Shattered completely 
showing the low integrity of the material, while on the other 
hand the Bamboo fibre shows little to no change in surface 
topology even after it is subjected to an impact test. Fig.19 
shows the Bamboo Fabric after impact at 50µm. 

 
Fig. 17.SEM image of Bamboo composite before impact 

 
Fig. 18.SEM image of E-Glass composite after impact 

 
Fig. 19.SEM image of Bamboo composite after impact 

VII. CONCLUSION 

In an era of volatile environment usage of natural fiber as 
reinforcement has been proven as environment friendly 
alternative to traditional synthetic fibers. Extensive study has 
been made to compare the mechanical strength of Bamboo 
Fiber and E-glass fiber reinforced composite, with an 
outcome proving the following Inference, 
 Mechanical properties of Bamboo Fabric composite are 

almost at par with the E-glass fabric in every aspect, 
considering the environmental aspect it is wise to use 
natural based natural Bamboo fabric composite than the 
E-glass composite. 

 Since both Bamboo fabric composite and E-glass 
composite has almost the same hardness level, Bamboo 
fabric composite can replace the E-glass composite in 
Hardness oriented applications. 

 As the percentage of rate of water absorption of Bamboo 
Fabric composite is equivalent to that of the E-glass 
composite, Bamboo fabric composite   can be used as a 
replacement in water related applications. 

 Both the Bamboo Fabric composite and E-glass composite 
produces the same rate of burning, Bamboo fabric 
composite could also very well be used in the field of 
Thermal applications.  

 SEM image shows that Bamboo fabric composite has better 
structural integrity compared to  
E-Glass composite even after the impact is made. 

 Further research on Bamboo fabric mat is recommended, 
tested with different filler material and resins in order to 
increase the mechanical property and structural integrity 
Bamboo fabric composite.    
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