
MECHANICAL PROPERTIES OF BAMBOO 

FABRIC WITH ALUMINA AS A FILLER 

MATERIAL IN POLYESTER COMPOSITE 

S.Kolli Balasivarama Reddy 
[a]

, Javvaji Akhil 
[b]

, Goluguri Anirudh Reddy 
[c]

, 

Vintha Hari Krishna Reddy 
[d]

 

E-mail: balasivarama.s@ktr.srmuniv.ac.in, akhil.javvaji102131@gmail.com, 

anirudh.reddy248@gmail.com, hari.vintha@gmail.com 

Department of Mechanical Engineering, SRM University, Kattankulathur Campus, Chennai, India-603203 

 

ABSTRACT 

This work is mainly focused on 

Mechanical properties of Bamboo fabric with 

Alumina as a filler material in polyester 

composites. As the non-biodegradable 

resources are becoming plentiful and emerging 

as a major threat to our environment the need 

for biodegradable resources has been increased 

and thus Natural fiber reinforced polymer 

composites have appeared as an cost-effective 

and environmentally friendly alternative for 

synthetic fiber reinforced composites. 

Therefore, in the last few years, the major 

industries such as automobile, construction and 

packing have been showing a keen interest in 

the progress of natural fiber reinforced 

composites. So the aim of our present work is 

to manufacture natural fiber reinforced 

polymer composite by using Bamboo fabric as 

the natural fiber, polyester as the resin and by 

using alumina as the filler material at different 

ratios such as 0%, 5%, 10%, 15% and 20%. 

The filler is to be used in different ratios to 

find variations in the properties. Then after the 

Tensile and Flexural tests were conducted to 

find the mechanical properties and we had 

found that the composite with the bamboo 

fabric and polyester with alumina filler of 15% 

has the maximum tensile and transverse 

strength. 
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INTRODUCTION 

In the past few years, the natural fiber 

composites have emerged as an effective 

replacement for the synthetic fiber reinforced 

composites
 [1]

. A composite is an 

amalgamation of two or more materials in 

which one of the material is known as 

reinforcing phase in which the form of sheets 

or particles are used and the other phase is 

known as matrix phase. The reinforcing 

material and the matrix material can be of 

ceramic, metal, or polymer 
[2, 3]

. Common fiber 

reinforced composites are composed of and a 

matrix is a reinforcement and the main source 

of strength while matrix glues all the together 

in shape and transfers stresses between the 

reinforcing. To carry the load along their 

longitudinal directions. The filler is added to 

make the manufacturing process smooth, 

impact special properties to the composites, 

and reduce the product cost 
[4, 7]

. The matrix 

acts as a load transferring medium mostly and 

in less ideal cases where the loads are 

complex, the matrix may even have to bear the 

loads transverse to the fiber axis. The 

commonly used matrix materials are polymers 
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[8, 9, 10]
. In particular, their strength and stiffness 

are very low when compared to ceramics and 

metals but they are non-biodegradable. These 

difficulties can be overcome by reinforcing 

other materials with polymers 
[12, 13]

. Bamboo 

fiber is obtained from bamboo tree and it has a 

unique property it comes from nature and 

completely returns to nature in the end 
[11, 13]

. It 

is woven into a mat form or a fabric. The 

bamboo fabric has many special properties It 

has good absorption ability, it also has great 

temperature adaptability, most eco-friendly 

and economical fiber, it has higher growth rate 

when compared with other fiber, bamboo has 

lower weight and short harvesting time when 

compare with other, low density and high 

strength 
[9, 11]

. The polyester has long lasting 

and durable, does not discolor badly, relatively 

inexpensive, works well on concrete and 

polyester is not impacted by UV radiation. The 

alumina filler has properties such as hard, wear 

resistant and good binding properties. It can be 

availed up to 99.7% in purest forms 
[6]

. 

FABRICATION 

 

Figure-1 Fabrication process 

       The obtained bamboo fabric is treated 

with water so as to remove dust and other 

unwanted materials out of it and then it is 

allowed to dry. For the preparation of the 

composite, we calculate the percentage of 

polymer and filler required from the table, we 

come to know about the amounts accurately. 

The polyester and filler were mixed by using 

stirring process. We take an accurate amount 

of polymer which we have calculated earlier 

and 5%, 10%, 15%, 20% of its filler. Care was 

taken to avoid the formation of bubbles. 

Because of the air bubbles that were trapped in 

a matrix may in result failure of the material. 

The stirring is done in a stirring machine 

where a stirred rod is used for mixing of the 

polyester and hardener. It was stirred for 4 

hours at 450rpm to allow uniform mixing of 

polymer and hardener. To make a good 

composite the measurement of the samples 

should be accurate and should maintain a 

uniform mixture. We take an accurate amount 

of polymer which we have calculated earlier 

and 5% of its hardener. Then the mixture is 

stirred thoroughly until it becomes a bit warm. 

But the extra amount of hardener is taken for 

the wastage in the process. Hardener should be 

taken in a minute because extra amount of 

hardener can spoil the composite. Then 

catalyst is also added to fasten the reaction. 

Hand Layup is a method in which molding 

material is generally prepared by using a roller 

by uniform application of the material. Firstly 

a base plank is taken and polythene sheet is 

placed over it by using gum or plaster in a 

uniform way. Then after the wax applied over 

polyethene sheet which is placed over wooden 

plank and then a layer of resin which is a 

mixture of polyester and alumina filler of 

different ratios which were mixed using the 

stirrer is poured over it and it is uniformly 

distributed by using a roller and a sheet and 

then after a layer of bamboo fabric is placed on 

it and is firmly placed by using a roller and 
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force is applied to make it firm and get into the 

position and get attached with the polyester 

and alumina mixture which was previously 

applied on the polyethene sheet and again resin 

is poured over it and another sheet of bamboo 

fabric is placed over it and in this manner 

polyester is sandwiched in the bamboo fabric 

this process is continued till five bamboo 

fabrics are placed and polyester is poured over 

it. Here the polyester and filler mixture and 

bamboo fabric are placed in an alternate 

manner and then at last on the top polyester 

and filler mixture is applied uniformly and 

then a wooden plank with wax applied 

polyethene sheet is placed firmly over it and a 

weight of about 60kg is placed over it and it is 

undisturbed and allowed to set for about one to 

two days. 

 

 

Figure-2 Fabricated Composite samples of different 

alumina Compositions 

 

Experiment Procedure 
A jigsaw machine was used to cut 

each laminate into smaller pieces, for various 

experiments: 

1. Tensile test- Sample was cut as per shape 

250x25x4 mm (ASTM 3039). 

2. Flexural test specimen was cut into 

125*12.7*3 mm (ASTM 790). 

Tensile Test 

Tensile strength is the capacity of the material 

or structure to with stand loads tending to 

elongate as opposed to compressive strength. It 

is measured by the maximum stress that a 

material can withstand while being stretched or 

pulled before breaking. Tensile test sample 

was cut into shape of 250×25×3 mm. The most 

common testing machine used in tensile testing 

is the Universal testing machine of model 

TUE-CN-200 Make: FSA Pvt ltd. Maximum 

capacity of 400 KN. 

 

Figure-3 Tensile test specimen 

Table-1 Tensile Test Values 

S.NO Alumina %
Specimen 

No

Load At 

Yield (KN)

Elongation 

At Yield 

(mm)

Tensile 

Strength 

(N/mm
2
)

Breaking 

Strength 

(N/mm
2
)

% of 

Elongation

1 1 1.72 5.19 29.535 0.25 5.26

2 2 1.98 5.29 26.746 15.905 5.26

3 Mean 1.85 5.24 28.1405 8.0795 5.26

4 1 2.08 18.97 28.179 9.075 8

5 2 1.62 4.15 30.788 20.269 9.33

6 Mean 1.85 11.56 29.4835 14.672 8.665

7 1 2.06 5.59 34.18 20.508 8

8 2 2.12 6.91 29.056 20.828 3.33

9 Mean 2.09 6.25 31.618 20.668 5.65

10 1 1.8 4.1 32.482 6.45 6.67

11 2 2.26 17.43 31.361 9.631 6.67

12 Mean 2.03 10.765 31.9215 8.04 6.67

13 1 2 6.29 22.368 16.515 5.33

14 2 1.82 3.98 23.425 6.494 3.33

15 Mean 1.91 5.135 23.3965 11.5045 4.33

0%

10%

5%

15%

20%

 

5%                    10%   

15%                    20%   

0% 
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Graph-1 Tensile Strength results 

Flexural Test 

In Flexural test we measure the force required 

to bend a beam under three point loading. The 

test usually involves a specified test fixture on 

a universal testing machine. The most common 

testing machine used in flexural test is the 

Universal testing machine of model TUE-CN 

200 Make: FSA pvt ltd. Maximum capacity of 

200 KN. Test process involves placing the test 

specimen in the testing machine and slowly 

extending it until it fractures. During this 

process, the elongation of the gauge section is 

recorded against the applied force. In this mark 

the center point of the specimen and then after 

mark the 37.5 mm towards left end and the 

right end. Then after place the specimen in the 

UTM such that the both marked points are 

placed on the simple supported beams. 

 

Figure-4 Flexural test specimen 

 

Figure-5 Flexural test specimen after test 

Table-2 Flexural Test Values 

S.No
Alumina 

%

Specimen 

No

Peak 

Load 

(KN)

C.H 

Travel At 

Peak 

(mm)

Transverse 

strength 

(N/mm
2
)

1 1 0.13 17.94 103.024

2 2 0.12 19.03 95.094

3 Mean 0.125 18.485 99.059

4 1 0.1 14.61 89.145

5 2 0.13 14.13 114.356

6 Mean 0.115 14.37 101.75

7 1 0.13 14.05 118.008

8 2 0.17 19.52 156.579

9 Mean 0.15 16.785 137.293

10 1 0.19 8.36 147.686

11 2 0.17 7.6 141.295

12 Mean 0.18 7.98 144.49

13 1 0.19 8.86 144.826

14 2 0.15 5.79 102.855

15 Mean 0.17 7.325 123.84

0%

5%

10%

15%

20%

 
Graph-2 Transverse Strength results 

CONCLUSION 

By studying all the properties at the end it was 

concluded by testing the composite materials 

made with bamboo fabric and polyester resin 

with alumina as a filler material in the matrix 

in the hand layup method. The mechanical 

properties of the composites such as tensile 

strength, flexural strength properties are 

greatly influenced by the fiber composition. 

From the graph-1 In Tensile test composites 

have shown a gradual increase in tensile 

strength till 15% and the tensile strength has 

been reduced when it comes to 20%. From the 

graph-2 In flexural test the composite with 

Alumina 15% has maximum Transverse 

strength and from 0% to 15% it has increased 

gradually but when it comes to the 20% the 

transverse strength has gradually reduced. 
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