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Abstract: The present paper reports the results of a studgrtaken in enhancing properties of fly ash
concrete composites-FMCC with locally availableunalt fiber. In this context a composite with fly ash,
concrete and treated coconut fibers-available émtglin rural areas of India-can be a good projwsit
and with this background, experimental investigatio study the effects of replacement of cement (by
weight) with different percentages of fly ash ahe éffects of addition of processed natural cocbat

on flexural strength, compressive strength, spiittensile strength and modulus of elasticity vek®ih

up. A control mixture of proportions 1:1:49:2.7%twiv/c of 0.45 was designed for the normally popula
M20 concrete. Cement was replaced with five peeggy (10, 15, 20, 25 and 30%) of Class C fly ash.
Four percentages of coconut fibers (0.15, 0.3( @rtl 0.60%) having 40 mm length were used. Test
results show that the replacement of 43 grade argliRortland cement with fly ash showed an increase
in compressive strength, splitting tensile strendxural strength and modulus of elasticity foet
chosen mix proportion. Addition of coconut fibeesulting in fly ash mixed concrete composite -FMCC-
did enhance the mechanical properties of FMCC dnthea same time increased the energy levels
reflected by increased failure strain, making ttegamal suitable for seismic sustenance.
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INTRODUCTION two ages are presented in (Alhozaietyal., 1996) and
authors have concluded that as moist curing duratio
In India, use of concrete in infra-structural aityi increased, the fly ash mortar became less permeable
is on the rise and with cement being the most itagmdr High volume fly ash concrete has adequate early age
but costly component of concrete, effort to redoost and later age strength developments and consigerabl
by partial replacement of cement with fly ash haslower temperature rise and its applications shialde
gained momentum and is even made as a governmeatwater content of not less than 115 k&’ and a
regulation. The utilization of fly ash instead afrdping  sufficient amount of a retarded version of
it as a waste material can be both on economic ansuperplasticizer to maintain satisfactory slump and
environmental grounds and also because of itplacing characteristics (Bisaillomt al., 1994). The
beneficial effects of lower water demand for simila effects of high temperature and high pressureshen t
workability reduced bleeding and lower evolution of strength and elasticity of concrete containing oasi
heat. The proportion of fly ash used as a cementti levels of high calcium lignite fly ash and fixed
component in concrete depends on several factties. T percentage of silica fume are reported in thedttae
design strength and workability of concrete, water(Ghosh and Nasser, 1996). High volume fly ash
demand and relative cost of fly ash compared withconcretes with fly ash/cementitious ratio upto739% (
cement are particularly important in mixture mass) and an aggregate ratio of 6 have compreasive
proportioning of concrete. The effects of fly agipe  flexural strengths that are more than adequatédefor
and content on the permeability characteristiosioftar ~ concrete base or sub base application in pavement
materials subjected to two different curing comdti and  structure (Haqueet al., 1984). One of the major
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developments in the area of fly ash utilization inprior to the experiments and checked for conformity
concrete has been the technology of high performanc (ISI, 1965) with relevance to Indian standards
as demonstrated by use of high volume fly ash @tacr (Bisaillon et al., 1994). Coconut fiber and fly ash were
by (Malhotra and Ramezanianpour, 1994; Malhotraalso tested to find their tensile strength and cesgive
1994). Siddique (2004) found that, with high voluofe strength. Figure 1 shows the view of coconut firsed
class ‘F’ fly ash, the workability of concrete irased and the specimens tested.

and the cube compressive strength, split tensile

strength, flexural strength decreased with sigaific Details of specimen: A nominal mix proportion of
effect on the impact strength of plain (controlhcete.  1:1:49:2.79 with suitable water cement ratio was
Studies focusing on material properties with défgr considered for this study. The exact quantity ofemals
percentage replacement of cement with fly ash aréor each mix was calculated. The parameters vaviae
presented in (Saravanarajamoberal., 2003) and on fiber length, fiber content and fly ash percentafiee
structural component with use of fly ash concretd a designation given for various mixes correspondiag t
fiber concrete composites in (Goplakrishnah al., fiber length, fiber content and fly ash miage
2001). Concrete containing 50% replacement by masssed for that particular mix are givém Table 2.

of class F fly ash can be designed to have oneaddy

28 day cube strengths of 20 and 60Mpa, respectivelyable 1: Detail of constituent materials

(Swamy, 1961). The use of fly ash in concrete isitb ~ Materials Description
to affect strength characteristics adversely. Théement Type- OPC 43 grade

. . . Fly ash (%) Coal ash (class C), 10, 15,
reduction in strength can be retrieved to a largerg 20. 25 and 30
by adding processed natural fibers. In this stualy, Fine aggregate River sand falling on zone Ill,
effort has been made to study the effects of nhtura Fineness modulus of 2.5
coconut fibers on the property of FMCC. But studiesCoarse aggregate Finzé’ngnsf;‘ r’;%'gmis_'zg ?ggregatev
focusing on application of th|§ type of composi®8s  conut fiber Diameter = 1 mm,
very few and hence there is a need to assess the Tensile strength of
structural properties of fiber reinforced fly astixed ‘ Coconut fiber = 160 MPa
concrete composites-FMCC-using different locally Fiber length 20, 40, 60, 89 =1 mm

Aspect ratio-(20), (40), (60), (80)

available natural and artificial fibers and thisedeis Grade of concrete and W/C ratio M20 and 0.45

taken care of in this study with special referetge
coconut fibers which is available in plenty in mast  Table 2: Details of fiber and fly ash parametesdiis batches

the coastal areas of India. Coconut Fiber content in percentage by weight
fiber Fly ash
. o length (%) 0.00  0.15 0.30 0.45 0.60
Experimental program: To bring into focus the use of 10  CIOF0 C10F0.15 CI10F0.30 C10F0.45 C10F0.60
coconut fibers in concrete, an experimental prognam gg ;g g;g'ﬁg g;gigig g;ggg-gg gggg-oélis g;gig-gg
was planned to study the material characteristiud a g 55 C9BF0  Co5F0.15 G25F030  G25F0.45 C25F0.60

behaviour of structural components like beams.his t
study, work on material properties is reportedtHis
experimental investigation, the structural progsrtof
the coconut fiber reinforced concrete have been
determined. The fiber concrete was prepared irouari
combinations of fiber length, fiber content and &igh
percentage as parameters. Specimens were prepared t
study structural properties such as compressive
strength, tensile strength, modulus of elasticityd a
modulus of rupture.

MATERIALSAND METHODS

Materials used: The constituent of materials used for

making the concrete were tested and the results are

furnished in Table 1. Tensile strength of the caton

fiber reinforced concrete was also tested. The oéme

fine aggregate, coarse aggregate and fly ash wetedt  Fig. 1: Typical view of coconut fiber
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Table 3: Details of Specimens

No. of
Properties tested Size in mm specimens
7 days cube compressive strength  EEDx150 3
14 days cube compressive strength  X1EDx150 3
28 days cube compressive strength XIEDx150 3
Cylinder compressive strength 30G0p 3
Split tensile strength 36a50p 3
Modulus of rupture [prism] 50€100<100 3

Specimens were fabricated for various parameters to
study their effect on the structural propertiesaficrete.
The number of specimens fabricated, for studying
various structural properties, is described in &aBl
Modulus of Elasticity was computed from the load
deformation characteristics of the cylinder specise

Fig. 2: Failure of cubes with fly ash only

Testing specimens. All the specimens were cast in
oiled moulds, compacted using needle vibrators and
cured for required period. These specimens were
whitewashed before testing and tested under sudiace
condition. Cubes and cylinders were tested using
compression testing machine. Prisms were testet usi
universal loading frame.

RESULTS

The structural properties studied in this research
are compressive strength, tensile strength and lmedu
of elasticity and modulus of rupture. The test lssof
the fiber reinforced concrete have been comparéd wi
plain concrete. From the photographs of the failed
specimens shown in Fig. 2-4, it is clear that addibf ~ Fig. 3: Failure of cubes with fibers only
fibers distributes the crushing and very rarely the
aggregate is seen in the failed cubes and furthersh
addition does not change the pattern of failure
significantly.

DISCUSSION

Cube compressive strength: The cubes and cylinders Fig. 4: Failure of cubes with fly ash and fibers

were tested for 7, 14 and 28 days. The maximum The effect of | ¢ of ¢ with fi
compressive strength was obtained for a mix haging € etiect of replacement ol cement with five
fiber length of 40 mm, 10% fly ash and fiber conteh percentages C,)f fly ash and addition of.coconutrs’_;lnm.
0.15% by weight and the increase in strength olsinp tht_a compressive strength of concrete is show_ngn 5
cement concrete was found to be about 45.81%. It is clear that the replacement of cement witha?8

The 7 day compressive strength of the fly ash30% of fly ash reduced the compressive strength of
based fiber concrete was found to be as high oncrete at 7 days by 8.5 and 25.31%, respectively.
18.95 MPa, which is about 25.91% more than theAnd for a particular percentage of fly ash, themsva
ordinary concrete. Similarly 28 day compressivedecrease in the compressive strength of fly ash
strength was found to be about 27.51 MPa and isoncrete, as the percentage of fibers increasem fro
45.81% more that of the ordinary concrete. The0.15-0.60%. However, this reduction in strengthhwit
increase in cube compressive strength for fly aadetd  the addition of fibers continued to decrease with a
fiber concrete with respect to the age is genedelg increase in the percentage of fly ash content f&&m
than that of ordinary concrete. 30%. Generally, presence of fibers induces porasity
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reduces the compressive strength. However, in this The results of addition of coconut fibers on the
case, addition of fibers reduced the compressivdlexural strength of fly ash concrete are showfim 8.
strength between 2.2 and 25.31% depending on yhe flFigure 8 shows that for a particular percentagdiyof
ash content, which was not significant decreaseash content, there was an increase in the flexural

considering contribution of fibers in enhancing theStrength of fly ash concrete, as the percentadéefs
tensile strength. was increased from 0.15-0.65%.

Cylinder compressive strength: The variation of Modulqs of elasticity: Modulus of. elasticity was
cylinder compressive strength with respect to tye f determined from the load deformation observation of

ash percentage, fiber length and fiber contenivisngin the c_yl_inder spec_imen. The variation of the moqmﬁs
Fig. 6. The maximum cylinder compressive strength i elasticity value with respect to fly ash percentdiger
e A length and fiber content is shown in Fig. 9. The
23.68 MPa, which is about 26.97% more than the - . ; o
ordinary concrete. It is observed that the varratid modulus of elasticity of this composite significgnt
. ’ ) . increases with respect to the fiber content andsly.
cylinder compressive strength is very much simitar

h b . h. This sh hefitib Based on these test results normalized curves were
the cube compressive strength. This shows t € drawn for different materials over normal concrete.

bonding action during the failure of the cylinder gjgre 10 shows the normalized values of stressuger
specimens is identical with that of the cube speasn girain and it may be observed that even though the
and also the fly ash based fiber concrete specimengecimens show less E value their sustainability in
maintained their structural integrity at all stage§ terms of larger strains without failure prompt d¢oeise
loading. these coconut fibers appropriately in specimens
requiring larger flexibility or ductility.
Split-tensile strength tests: In each mix, three standard
cylinder specimens were tested to determine the Cube compressive strength for CFRC
splitting tensile strength. The maximum value of
splitting tensile strength obtained is 4.75 MPaiclthis
about 35.71% more than ordinary concrete. The %
maximum strength was obtained for a mix with fiber
length 40 mm, fiber content 0.30% by weight and 15% £ 10
fly ash replacement of cement. & s
It is clear that the replacement of cement with 20
25 and 30% of fly ash reduced the splitting tensile
strength of concrete by 18.57, 22.14 and 50%,
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respectively. The variation of the splitting teasil Fly ash and fibre content

strength with respect to fly ash percentage, flbrgth

and fiber content is given in Fig. 7. For a pafcu Fig, 5: Effect of Fly ash and fiber content on
percentage of fly ash, there was an increase in the compressive strength

splitting tensile strength of fly ash concrete, tas
percentage of fibers was increased from 0.15-60%.

Cylinder compressive strength for CFRC

Modulus of rupture: The maximum Flexural strength
obtained for coconut Fiber Reinforced Concrete was
4.65 MPa and that for Plain Cement Concreie & :
MPa. The corresponding strength improvement is :
16.25%. It was observed during testing that thénaurg
concrete specimens failed without any warning, &vhil
the coconut fiber reinforced concrete specimensveto 0
a ductile failure, giving ample warning.

The replacement of cement with 25 and 30% of fly
ash reduced the flexural strength of concrete Bya8d Fly ash and fibre content
28.2%, respectively. The flexural strength of ceter
was determined for both ordinary concrete and fllg a Fig. 6: Effect of fly ash and fiber content on ogler
fiber reinforced concrete composite. compressive strength
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Split tensile strength in MPa
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CONCLUSION

Based on the results of investigation reported in

this study, the following conclusions are drawn:

The fly ash based Coconut fiber reinforced
concrete shows a better performance than ordinary
concrete

Compressive strength of concrete was reduced by
8.5 and 25.31% for the replacement of cement
with five percentages of fly ash mixed concrete.
Addition of coconut fibers did not have significant
effect on the compressive strength of fly ash
concrete

The splitting tensile strength of concrete decrédase
by 18.57, 22.14 and 50% with the replacement of
cement with 20, 25 and 30% of fly ash. Addition
of coconut fibers increased the splitting tensile
strength of fly ash concrete, as the percentage of
fibers was increased from 0.15-0.60%
Replacement of cement with the five percentages
of fly ash reduced the flexural strength by 3.8 and
28.2% respectively. However, addition of coconut
fibers marginally increased the flexural strength o
fly ash concrete, as the percentage of fibers was
increased from 0.15-0.60%

The replacement of fly ash up to 25% with
coconut fiber resulted in a better performance
under compression

The 7 day compressive strength of composite
having fly ash up to 25% is slightly less than that
of the control concrete mix. But the compressive
strength is marginally more than that of the cdntro
concrete mix at the age of 28 days

The maximum 28 day cube compressive strength
obtained was 27.51MPa, for the mix with fiber
length of 40 mm, 10% fly ash and fiber content
0.15% (18.86 MPa)

The maximum compressive strength of the
cylinder obtained was 23.68 MPa, for the mix with
fiber length of 40 mm, 10% fly ash and fiber
content 0.30% (15.06 N miA)

The maximum splitting tensile strength of the
cylinder obtained was 4.75 MPa, for the mix with
fiber length of 40 mm, 15% fly ash and fiber
content 0.30% (3.5MPa).

The maximum value of modulus of elasticity
obtained was 3.48MPa, for the mix with fiber
length of 40 mm, 20% fly ash and fiber content
0.30%

The stress and strain variation of coconut fiber
composite is observed to show higher E value,
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