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ABSTRACT
This paper deals with evaluation of damping properties of natural fibre composites consisting of bamboo
fibre as reinforcement, epoxy as matrix and cenosphere as particulate filler. Hand lay-up technique is used to
fabricate the composites with varying number of layers and different weight percentage of cenosphere filler.
The prepared specimens are subjected to free vibration test (FVT) to investigate the damping ratio and natural
frequency. Damping of the bamboo-epoxy composites is analysed experimentally using cantilever beam test
set up by impulse technique. The investigation reveals that the number of layers and cenosphere filler content

influences the natural frequency and the damping ratio.
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1. INTRODUCTION

Natural fibre reinforced composite materials have
significant potential for various engineering appli-
cations due to their intrinsic sustainability, low cost,
eco-friendly nature and good mechanical proper-
ties [1-2]. It can be reinforced in different polymer
matrices [3-18] and the potential of various natural
fibre reinforced composites for non-conventional
applications have been reported [8, 19]. But the hy-
drophilic nature of natural fibre leads to the weak
interfacial bonding between fibre and matrix during
the fabrication of composites. Hence, the compos-
ites suffer from reduced mechanical properties and
dimensional instability. In order to overcome this
problem, there are numbers of techniques developed
to improve the mechanical properties of natural fi-
bre based polymer composites [20-21].

Adding of filler in the natural fibre reinforced com-
posite during their fabrication is one of the tech-
niques to improve the mechanical properties as well
as reduce the cost of the composite. Biswas et al.
[22] have reported that incorporation of different ce-
ramic filler modifies the mechanical properties and
improves the wear resistance property of the bamboo
reinforced composite. Incorporation of ceramic filler
in the fibre reinforced composite is now gaining wide
acceptability among researchers. Apart from ceram-
ic fillers, some industrial by-products which contain
metal oxides have also been used as filler material
in composite [23-24]. Cenosphere is one of the in-
dustrial by-product produce during burning of pul-
verized coal in thermal power plants. It is a ceramic

rich material with hollow microstructure which is
being used as particulate filler in polymer compos-
ite. There are several instances of investigation on
cenosphere incorporated in neat polymer [25-26]
and fibre reinforced composite [27]. The amount of
fibre/filler content is an important factor for design
of composites to control the mechanical properties.
Natural fibre improves the mechanical properties of
composites, making their use feasible. Mechanical
properties of different natural fibre reinforced com-

Table 1: Comparisons of mechanical properties of vari-
ous natural fibre composites

51 Fibre/filler Matrix Wy¢'Vi [ Tensile Flexural Impact | Reference
No. (%) | strength | strength | strength
(MPa) (MPa) | (KJ-m%)
1 Bamboo Epoxy 33 8320 10852 376 [E]]
2 Bamboo+ Epoxy 33 03 126 1712
Cenosphers
3 Tute Polyester 357 74359 313 - [E]
4 Hemp PLA 30 3929 7631 - [3]
3 Lantana Epoxy 30 19.08 3549 - [6]
Camerz
Eagassae Epoxy 30 - 22 - [}
8 Banana Polyester 293 60.4 - 81
] Sansevistia Polyester 33 13 132(Tm) [Ed]
0 Elephant Polyester i3 238(Tm) [10]
Grass
T Rice husk HDPE 30 i 393 [11]
12 Ramie PP/ 30 66 - 47 [12]
PPg-MA
(G wt %)
13 Fenal IDPE 30 113 - 47 [13]
PEG
(7 wt %)
HDPE' 4
14 | DeEpdm o pp A 3 18 . - 1
(2wt %)
- | Datepam [13]
15 leaf LDPE 28 6.8 - -
16 Abaca PP 30 42 643 -
17 Cellolose PP 30 63 100 - [16]
18 Abaca PLA 30 63 122 -
19 Cellolose PLA 30 o0 130 -
2 :}""’d Mater Bi-Grade | 30 7 63(Tm) {17
oure
; 2503 43543 442 48
21 EE”;:;;“ Epoxy 2000 | 4122 5151 5216 18]
15115 51 512 61.5

Advanced Composites Letters, Vol. 23, Iss. 1, 2014

17



Hemalata Jena, Arun Kumar Pradhan, Mihir Kumar Pandit

posites as a function of fibre/filler loading can be
seen in Table 1. From this table we observe that the
mechanical properties of bamboo-epoxy composite
are quite better as compared to other natural fibre.
It is also observed that incorporation of cenosphere
filler improves the mechanical properties.

One of the structural vibration damping solutions
is to develop a composite which have high damp-
ing capacity with good mechanical properties. The
damping capacity of a material is basically evalu-
ation of energy dissipated in material during vibra-
tion. The energy dissipation in fibre reinforced com-
posite depends on the damping at the fibre—matrix
interface, the damping due to damage and the vis-
coelastic nature of matrix and fibre materials. And
for laminated composites, damping depends on the
layer orientations, layer properties and interlaminar
effects. Berthelot et al. [28] give an extensive analy-
sis of the damping of unidirectional fibre compos-
ites as function of frequency and fibre orientation.
Chandra et al. [29] give a brief review on status of
research on damping in fibre-reinforced composite
materials and structures. They discuss various stud-
ies related to improve damping models for thick
laminates and optimization for damping in fibre re-
inforced composites/structures. Yan et al. [30] has
studied the damping properties of alkali treated flax
and linen fibre reinforced composites. Lingaraju
et al. [31] attempt to improve the damping ratio of
glass fibre reinforced epoxy with particle reinforced
hybrid nano-clay particles. The influence of fly ash
filler weight fraction on damping ratio and natural
frequency of jute-epoxy sandwiches with fly ash
reinforced functionally gradient (FG) flexible, com-
pliant rubber core has been studied by Doddamani
et al. [32]. Though substantial research has taken
place to study the fibre reinforced composite with
and without filler, but the effect of cenosphere filler
on the damping properties of bio-fibre reinforced
composites has not yet been reported. Therefore,
the objective of this paper is to study the effect of
cenospher as a filler material on the damping prop-
erties of natural fibre composite. The composite, in
the present work, consists of bamboo fibre as natural
fibre reinforcement and cenosphere as filler material
in the epoxy matrix.

2. EXPERIMENTAL DETAILS

2.1. Materials

In present study bamboo fibre is used as reinforce-
ment which is procured from local sources. Fig. 1
shows a plain weave of bamboo fibre mat. The ma-

Fig. 1: Schematic diagram of woven bamboo mat

Table 2: Constituents of composite materials and their
characteristics

Characteristics

Weave type. Density = 0.95 gmlcc.
Width =4 5 mm_ Thickness =15 mm
Viscosity = 9000-12000 mPa.s, Density
=1.1gm/cc

Refractive mdex at 25°C = 14940-

Raw materials

Grade
Bamboo fibre -

Epoxy LAPOXI-12
Hardener K-6

1.5000

Particle demsity = 045080 gml,
Particle size =60-94 micron,

Cenosphere CS5300

trix system consists of a medium viscosity epoxy
resin Diglycidyl Ether of Bisphenol — A (DGEBA)
and a room temperature curing hardener Triethylene
Tetra-amine (TETA) are purchased from ATUL In-
dia Pvt Ltd. The cenosphere is used as filler materi-
als. The properties of these constituents are given in
Table 2.

2.2. Alkali treatment

Initially, the bamboo mats are cut to desired shape
and then cleaned with fresh water. It is dried before
dipping into NaOH solution of 5% concentration at
room temperature [21]. These mats are then thor-
oughly washed in distilled water and neutralized
with dilute HCI solution. The neutralized mats are
dried in an oven.

2.3. Fabrication procedure

The conventional hand lay-up technique is used to
fabricate composites having 3, 5, 7 and 9 layers of
woven bamboo mats. The epoxy is kept at 110°C in
the oven in order to remove air bubbles prior to mix-
ing with hardener in a ratio of 10:1 by weight. The
laminae are arranged systematically on mould with
epoxy resin. A releasing agent (silicon spray) is used
to prevent adhesion between composite and mould
which facilitate easy removal of composite from the
mould after curing. Composite samples are allowed
to cure in mould for 24 hours at room temperature
under a load of 30 kg. Then they are removed from
the mould for cutting of samples of desired shape. In
similar procedure, the resin-filler mixture is used to
impregnate the bamboo fibre mat at room tempera-
ture with varying weight percentages (0, 1.5, 3, 4.5
and 6%) of filler to fabricate the composites.
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Fig. 2: Schematic diagram of free vibration test set up

2.4. Free Vibration Test

Free vibration test (FVT) is carried out to study
the dynamic characteristics of the composite speci-
mens. Fig. 2 shows the schematic diagram of FVT
test set up. The length and width of the specimen
is 200 mm and 20 mm, respectively. The compos-
ite specimens are tested with one end clamped and
other end deflected to a displacement. In FVT, the
impact hammer [PCB 086C03] excites the compos-
ite beam. Impulse excitation is induced at 10 differ-
ent equidistance points on the beam. The response
is obtained at a point near the free end of the beam.
The accelerometer [PCB 352C33] is used to measure
the vibration response through the Data Acquisition
(DAQ) Card [NIPXI 4472]. The accelerometer has
been calibrated by the ratio (comparison) calibration
method. PC is used for storing the data from acceler-
ometer and impact hammer through DAQ. Fast Fou-
rier Transform (FFT) of the time signal is obtained
using Labview 9 software. Five sample specimens
are subjected to testing of each composite type and
average value is taken to compute damping ratio
and natural frequency. The damping factor for the
materials is obtained using logarithmic decrement
method. The logarithm decrement (J) is computed
from amplitude using following equation [33].

s=Lp X0
n X

6]
n

Where, x and x_are the initial and n" the ampli-
tude of vibration and n is the number of cycles. The
damping ratio () is computed by using the equation
)

‘= o

\/47r2 +6°

3. RESULTS AND DISCUSSION

The density is one of the important factors determin-
ing the properties of the composites which depend
on the relative proportion of matrix and reinforcing

)

materials. The density of a fibre reinforced compos-
ite can be calculated by using following relation

_
Wi Wm
Py pm
Where, w and p represent the weight fraction and
density, respectively. The subscript f and m stands
for the fibre and matrix of the composite material.

For a composite with filler incorporation, the modi-
fied density of composite is

p= 3)

1
W we M @
Pr  Pm Pp

Where, the subscript p indicates the particulate filler
material. The density and weight fraction of fibre
of the composites are given in Table 3. It is found
that with the increase in fibre as well as filler con-
tent there is a decrease in density for all composite

types.

Natural frequency of bamboo-epoxy composites for
different number of laminae and varying weight per-
cent of cenosphere are tested. Fig. 3 indicates that
increasing in number of lamina increases the natural
frequency of the composite. The 7 layered bamboo-
epoxy composite has a maximum natural frequency
of 55.07 Hz. The increase in natural frequency with
increased number of lamina is due to reduced mass

Table 3: Materials combination and properties of the
composites

Young Modulus

Density
: (MPa)

Materials combination
(gm/ec)

Bamboo-epoxy composites without cenosphere
1.077

3454525 (3234 827
3773.195 (3D=95.08)
3884775 (3D=63.78)

3layer

1.060
1.051
1.035

Slayer

Tlayer

Slayer 3215.100(SD=52.30)

Tlayered Bamboo-epoxy composites with cenosphere
1.047
1.042
1.038

3939945 (sD=43.12)
3463223 (3D=166.70)
4127235 (SD=31.36)
3884775 (8D=126.16)

1.3 wt% of cenosphere

3.0 wt% of cenosphere

4.5 wt% of cenosphere

6.0 wt% of cenosphere 1.033

#3D- reprasents Standard Deviation
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Fig. 3: Natural frequency for bamboo-epoxy composite
with varying number of layers
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Fig. 4: Natural frequency for bamboo-epoxy composite
with varying wt% of cenosphere

as a result of lower density and increased stiffness
as shown in Table 3. It is observed that with the
increase in number of laminae the Young’s modu-
lus increases. But the increase is seen up to the 7
layered bamboo-epoxy composite, beyond which it
decreases. The reason may be due to the poor wetta-
bility of fibre and fibre matrix adhesion which leads
crack initiation and its easy propagation. The results
also indicate that cenosphere can increase the modu-
lus by 14.89% for composites with 3 wt% of ceno-
sphere. The modulus of the 7 layered composites is
observed to increase with the addition of cenosphere
filler. But there is a limitation to addition of filler.
The influence of cenosphere filler in 7 layered bam-
boo-epoxy composite having maximum natural fre-
quency is presented in the Fig. 4. It is observed that
the addition of cenosphere filler increases the natural
frequency as it increases the modulus of elasticity
of the composite. The composite with 3.0 wt% ce-
nosphere has the maximum natural frequency. The
decrease in natural frequency beyond the addition of
3.0 wt% of cenosphere is due to agglomeration and
weak fibre-matrix interface which in turn lowers
the Young’s modulus. Cenosphere can increase the
natural frequency by 13.92% for composites with 3
wt% of cenosphere. The theoretical values of mode
I frequency are obtained by using Euler-Bernoulli
Beam theory. The expressions for natural frequency
of first mode is given by,

wy =1.875° E—14
PAL

The theoretical and experimental natural frequen-
cies have good agreement as shown in the Fig. 3
and 4.

)

The mean values of damping ratio obtained for dif-
ferent composite types with and without filler con-
tents are presented in Table 4. A similar trend is
observed as in the case of natural frequency. The 7

Table 4: Damping ratio of different composites with and
without cenosphere

Materials combination Damping ratio

Bamboo-epoxy composites without cenosphere

3layer 0.0085 (SD=0.00035)y*
Slayer 0.0112(SD=0.0053)
Tlayer 0.0168 (SD=0.00266)
Qlayer 0.0132(SD=0.00602)

Tlayered Bamboo-epoxy composites with cenosphere

0.0267 (3D=0.00264)
0.0378 (SD=0.00186)
0.0368 (SD=0.00283)
0.0319(SD=0.02031)

1.5wt% of cenosphere
3.0wt% of cenosphere
4.5wt% of cenosphere
6 0wt of cenosphere
*3D- reprasents Standard Deviation

layered bamboo-epoxy composite with 3.0 wt% ce-
nosphere has the highest damping ratio due to more
energy dissipation through fibre and matrix filler
interface. The reason is uniform distribution of ce-
nosphere in the matrix which results in good bond-
ing between the reinforcement and matrix. This pro-
vides large interfacial area as well as interlaminar
shear strength which increase the energy dissipation
at interface [34-35].

4. CONCLUSIONS

Bamboo-epoxy laminated composites with varying
number of layers and different wt% of cenosphere
have been fabricated and their dynamic characteris-
tics are studied. The study reveals that the 7 layered
configuration of the composite has highest natural
frequency and damping ratio. The addition of ceno-
sphere improves the natural frequency and damp-
ing ratio of the composites, but it depends upon the
amount of cenosphere. The maximum natural fre-
quency and damping ratio are obtained for 3.0 wt%
of cenosphere.
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