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MD. Ihtesham Hussain This paper presents the result of an experimental investigation carried
Department of Civil out to evaluate the mechanical property of fly Ash concrete composites

Eudlie doEE with locally available natural fiber. In this context a composite with fly

Science and Technology

. ash, concrete & natural coconut fiber available in plenty in rural areas
University, Adama,

e of India can be a good proposition and with this background,

experimental investigation to study the effects of replacement of

cement by weight with different percentages of fly ash and the effects of addition of natural
coconut fiber on compressive strength, flexural strength, split tensile strength, & modulus of
elasticity was taken up. The study was conducted on a M20 Mix with Water-Cement ratio of
0.45 of 53 Grade OPC was replaced with three percentages (10%, 20%, and 30%) of class ‘F’
fly ash. Two percentages of coconut fibers (0.25% & 0.5%) with (20, 40, 60) mm length were
used. For each mix standard sizes of cubes, cylinders and prisms were casted and tested at the
age of 7 days, 14 days and 28 days. The test result shown that the compressive strength,
spitting tensile strength, flexural strength and modulus of elasticity of fly ash based coconut
fiber reinforced concrete specimens were higher than the plain concrete and fly ash concrete.
It is also observed that reduction in strength with the addition of fibers continued to decrease

with an increase in percentage of fly ash content.

KEYWORDS: Fly ash, Natural Coconut Fibre, Compressive Strength, Split Tensile
Strength.

WWW.Wjert.org 37



http://www.wjert.org/
http://www.wjert.org/

Ihtesham et al. World Journal of Engineering Research and Technology

1. INTRODUCTION

The infrastructure needs are increasing day by day & with concrete is a main constituent of
construction material in a significant portion of this infra-structural system, it is necessary to
enhance its characteristics by means of strength & durability. It is also reasonable to
compensate concrete in the form of using waste materials and saves in cost by the use of
admixtures such as fly ash, silica fume etc. as partial replacement of cement, one of the many
ways this could be achieved by developing new concrete composites with the fibers which

are locally available.

To bring into focus the use of coconut fibers in concrete and experimental program was
planned to study the material characteristics. The primary objective of this investigation is to
study experimentally the properties of fibers and the properties of concrete namely,

compressive strength, flexural strength, split tensile strength were studied.

Coconut Fiber

Coconut fibre is extracted from the outer shell of a coconut. The common name, scientific
name and plant family of coconut fibre is Coir, Cocos nucifera and Arecaceae (Palm),
respectively. Coconut cultivation is concentrated in the tropical belts of Asia and East Africa.
There are two types of coconut fibres, brown fibre extracted from matured coconuts and
white fibres extracted from immature coconuts. Coconut fibres are stiff and tough and have
low thermal conductivity coconut fibres are commercial available in three forms, namely

bristle (long fibres), mattress (relatively short) and decorticated (mixed fibres).

Zuraida, S. Norshahida and co-workers. Carried out experimental investigation on effect of
fiber length variation on mechanical and physical properties of coir fiber reinforced cement
albumen composite, Albumen protein was added as a binder and the coir fiber with the length
of (2.5, 5, 10 and 20mm) was used as partial replacement of the cement mixture. Flexural
strength and compressive strength, Bulk density moisture content and water absorption were
investigated the test results showed that increase in fiber length increase the flexural strength.
Incorporation of long fiber into cement paste however decreased the workability and thus
introduced voids which resulted in low density. In fact, the water absorption & moisture

content were also increased.

Alida Abdullah, and co-workers Carried out experimental investigation on the effect of

natural fiber content on the physical & mechanical properties of composite cement reinforce
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with coconut fiber. The mix design was based on 1:1 for cement sand ratio and 0.55 was
fixed for amount of water per cement ratio. Coconut fiber was added as reinforcement and
replacing the composition of sand. Composites wete developed base on 3% wt, 6%wt, 9% wt,
12% wt & 15%wt of coconut fiber by mixing & curing process. Composite were cured in
water for 7, 14 & 28 days the test results showed that the composite reinforced with 9% wt of
coconut fiber demonstrated the highest strength of modulus of rapture and compressive

strength.

Wilson O Tablan carried out the experimental investigation on effect of coconut fiber as
reinforcement to concrete on its flexural strength and cracking behavior. 25% coconut fiber
was added as reinforcement. The ratio of 1:2:4 mixture of concrete was used in making the
specimen & curing the period of 28 days. The result showed that the concrete reinforced with
coconut fibers yielded a higher flexural strength compared to concrete without coconut fiber
reinforcement. More ever the concrete with coconut fiber indicated transformation from
abrupt to gradual failure of the specimens and splitting when ultimate load was applied hence

the added coconut fibers enhanced the flexural strength of the concrete.

Siddique carried out experimental investigation to evaluate the mechanical properties of
concrete mixes in which cement was partially replaced with class F fly ash, cement was
replaced with 10%, 20%, 30%, 40%, 50% of class F fly ash by weight the test results showed
that the compressive strength, splitting tensile strength & flexural strength of fly ash concrete
mixes with 10% to 50% cement replacement with fly ash showed improvement in the results

as Compared to concrete.

2. EXPERIMENTAL PROGRAM

The aim of this experimental investigation was to study the wvariation in strength
characteristics of concrete structural elements, for the proportion of M20 grade. In each
mixes containing different percentages of fly ash is replaced by means of cement starting
from 0% as normal concrete, i.e. controlled concrete 10%, 20%, and 30%, and two
percentages of natural coconut fibers 0.25% and 0.5% with different lengths of 20mm, 40mm

and 60mm were used. The number of specimens casted for each case is as follows.
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2.1 Experimental View
Table No. 01: Casting and Curing of M20 Grade of Concrete with 0% Fly Ash 0%

Coconut Fiber.

ng. Particular Dlt\a/s”i)g(n Code Sil)\le%irggn Curiir??j E;sriOd Remark
ol M20 it onoss 114,28 150>(C:1léké)§(sllg((e)mm
2 | Cylinder | M20 | M1 | 3no’s 28 ggf‘)';figmzrg
3 |Prim M0 | ML | dnos 28 500x100% 100mm

Table no. 02: Casting and curing of M20 grade of concrete with 10% cement replaced

by fly ash and 0% coconut fiber.

S:).. Particular th/slzgn Code SpNe%in?Zn Curiinnngjsr lod Remark
1 | Cube M20 | M2 | 9no’s 71428 | 10050 150mm
2 | Cylinder M20 M2 3no’s 28 ggcl)g]i(e)gsr}l]zn?
3 | Prism M20 | M2 | 3no’s 28 500555& Siicz)gmm

Table no. 03: Casting and curing of M20 grade of concrete with 20% cement replaced

by fly ash and with 0% coconut fiber.

Iﬁg. Particular D'(\a/.l,ii)én Code Slp\)lgéir(r;l);n Cu:inn%g;giod Remark

1 | Cube M20 | M3 | 9no’s 7,14,28 150>(<:f§§>§lé%mm
2 | cyincer | w20 | M3 | snos | 200% 100
3 | Prism M20 | M3 | 3no’s 28 500>Z§£<Sllzc)%mm

Table No. 04: Casting and curing of M20 grade of concrete with 30% cement replaced

by fly ash and 0% coconut fiber.

SL‘I Particular Dlg/sl,ii)g;n Code S:)\Ie%in?lc:n CUI;inngD:;Jgiod Remark
T Cube | MR | MM | O 1428 | 15a60% 190mm
2 | Cylinder | M20 | M4 | 3no’s 28 ZCOBQ;?%YOSrLZ;
S | Prim | MO | ME ] 3 2 500X100X 100mm
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Table No 05: Casting and curing of M20 grade of concrete with 10% cement replaced

by fly ash and 0.25% of coconut fiber of 20mm.

I\SI(I)'. Particular Dlt\a/s”i)g;n Code SpNe%irg(]:,n Curiinn%g;sriod Remark
' cube M2 Mo onos ! 14.28 150XC1l:3l())eXSI125eOmm
2 | Cylinder | M20 | M5 | 3no’s 28 ;)%;?i%roﬁi

i rem M2 Mo S no's 28 500)(Plrg£(SI1%%mm

Table No: 06: Casting and curing of M20 grade of concrete with 20% cement replaced

by fly ash and 0.25% of coconut fiber of 20mm.

S:).. Particular th/;iign Code SpNe%in?Zn Curiinnngjsr lod Remark
1 | Cube m20 | mé | 9no’s 7,14.28 150xcilé%§<3|12560mm
2 | Cylinder | m20 | m6 | 3nos 28 X 100
3 | Prism m20 mé6 3n0’s 28 500)51”()3(r)r;<s'1f)eomm

Table No. 07: Casting and curing of M20 grade of concrete with 30% cement replaced

by fly ash and 0.25% of coconut fiber of 20mm.

SL'. Particular Dlt\e/s”i)g;n Code SpNe%irggn Curiinn%g;;iod Remark
1| cube | M20 | M7 | 9no’s 7,14,28 o e
2 | Cylinder | M20 | M7 3n0’s 28 g)%;?i%roizé
3 Prism M20 | M7 3n0’s 28 SOOXPanS&SiZO%mm

Table No. 08: Casting and curing of M20 grade of concrete with 10% cement replaced

by fly ash and 0.25% of coconut fiber of 40mm.

SL‘I Particular D';/sl,ii)g;n Code Sglec():'iran Curiinnng;J; lod Remark
1 | Cube M20 | M8 | 9no’s 7,14,28 150xilg%e><5f50mm
2 | Cylinder | M20 | M8 | 3no’s 28 zcoyc:;? dl%roﬂfni
3 | Prism M20 | M8 | 3no’s 28 500>E$£<SI12()%mm
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Table No. 09: Casting and curing of M20 grade of concrete with 20% cement replaced

by fly ash and 0.25% of coconut fiber of 40mm.

I\SI(I)'. Particular Dlt\a/;ii)g;n Code SpNe%ir§£n Curiinn%g;sriod Remark
il i M | M | Onos 11428 | 16a60x tsomm
2 | Cylinder | M20 | M9 | 3no’s 28 %;?fi%roﬁi
3 |Priem MO | M9 | o 28 500X 100X 100mm

Table No. 10: Casting and curing of M20 grade of concrete with 30% cement replaced

by fly ash and 0.25% of coconut fiber of 40mm.

sl Particular Mix Code No. of Curing Period Remark
No. Design Specimen in Days
, Cube size
1 | Cube M20 | M10 | 9no’s 7,14,28 150X 150X 150mm
_ , Cylinder size
2 | Cylinder M20 | M10 | 3no’s 28 200X 100mm
_ , Prism size
3 | Prism M20 | M10 | 3no’s 28 500X100X 100mm

Table no 11: Casting and curing of M20 grade of concrete with 10% cement replaced by

fly ash and 0.25% of coconut fiber of 60mm.

NS(I)'_ Particular Dlt\aﬂsii)g;n Code SpNe%in?;n Curiinnggjgiod Remark
il M0 | Mt ] Pnos 11428 | 150150 160mm
2 |Cylinder | M20 | M1l | 3no’s 28 %;?Ci%fosr;zni

> | Prism M e 3 nos 28 500)(Pl“(f(r)r>]<sﬁ)%mm

Table No 12: Casting and curing of M20 grade of concrete with 20% cement replaced

by fly ash and 0.25% of coconut fiber of 60mm.

ng. Particular DI(\eAsii)g;n Code S:J\Ie?:.in(i:n Curlr%g;e/giod Remark
1 | Cube M20 | M12 | 9no’s 7,14,28 15oxc1[:3%ex5|125eOmm
2 | Cylinder | M20 | M12 | 3no’s 28 2%';? ci%roﬂzr?
3 | Prism M20 | M12 | 3no’s 28 500;{§&Si%%mm
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Table No 13: Casting and curing of M20 grade of concrete with 30% cement replaced

by fly ash and 0.25% of coconut fiber of 60mm.

No | Portieutr | peggn | Code | spctimen | indays | Remark
1 | Cube | M20 | M13 | 9no’s 7,1428 | o oaese
2 | Cylinder | M20 | M13 | 3no’s 28 ZCO%;?i%fO?:]Z;

’ Prism M20 M1 3 no’s 28 SOO)E{EJSS;(SIlZO%mm

Table No 14: Casting and curing of M20 grade of concrete with 10% cement replaced

by fly ash, and 0.5% of coconut fiber of 20mm.

S| particular | M | coge | NO- of | Curing Period Remark
No. Design Specimen in Days
, Cube size
1 | Cube M20 | M14 | 9no’s 71428 1 150x150X 150mm
_ i Cylinder size
2 | Cylinder | M20 | M14 | 3no’s 28 200X 100mm
_ i Prism size
3 | Prism M20 | M14 | 3no’s 28 500X100X 100mm

Table No. 15: Casting and curing of M20 grade of concrete with 20% cement replaced

by fly ash and 0.5% of coconut fiber of 20mm.

NSL'_ Particular DI(\aAs:)g;n Code SpNe%i rﬁgn Curiinn%g;giod Remark
ol MO | MB onos 714,28 150XC1u5t())eXSI12560mm
2 | Cylinder | M20 | M15 | 3no’s 28 ZCOBQ;?CEO?LZ;

3 |Priem M0 | MIS | 3o 28 500X100X 00T

Table No. 16: Casting and curing of M20 grade of concrete with 30% cement replaced

by fly ash and 0.5% of coconut fiber of 20mm.

ng. Particular DIZSI:)g;n Code SpNec():'i n?Zn Curiinn% g;;iod Rermark
ol B MO [ M6 Omoss 7,14,28 150X01L:3%e)(3i125?0mm
2 | Cylinder | M20 | M16 | 3no’s 28 %%;?i%foﬁz

5| Priem MO [ MIB ] 3mots 28 500X100X Loomm
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Table No. 17: Casting and curing of M20 grade of concrete with 10% cement replaced

by fly ash and 0.5% of coconut fiber of 40mm.

NSL'_ Particular D't\a/slg)g(n Code Sye%'iran Cuzinnng;;iod Remark
Sl M0 (M7 | Omoss 114,28 150xC1lé%§<S|125?0mm
2 | Cylinder M20 | M17 | 3no’s 28 %Qi%roizneq

3 | M0 [ MiF| o 28 500X 100X 100mm

Table No. 18: Casting and curing of M20 grade of concrete with 20% cement replaced

by fly ash and 0.5% of coconut fiber of 40mm.

SL‘I Particular Dlt\e/s“i)g;n Code SpNe%iran CuriLnggjgiod Remark

1 | Cube M20 | M18 | 9no’s 7,14,28 15oxcil;3tc))ex8|12580mm
2 |oytinger | M20 |18 | 3o |28 00X 100mm
3 | Prism M20 | M18 | 3no’s 28 5oo£{§£<sizoeomm

Table No. 19: Casting and curing of M20 grade of concrete with 30% cement replaced

by fly ash and 0.5% of coconut fiber of 40mm.

NS:J'_ Particular th/slzgn Code SpNeoc-inC]"‘;n Curiinn% g;;iod Remark
i e Ml e 11428 | 150150 150mm
2 | Cylinder | M20 | M19 | 3no’s 28 200%;?(1%0?;2;

° Prism M2 M9 S nos 28 SOOXPlrgOn)](SIlzonmm

Table No. 20: Casting and curing of M20 grade of concrete with 10% cement replaced

by fly ash and 0.5% of coconut fiber of 60mm.

_ Curing
Sl | particular | MX | code | N0 Of period Remark
No. Design Specimen .
in Days
, Cube size
1 | Cube M20 | M20 | 9no’s | 71428 | poviens150mm
_ , Cylinder size
2 | Cylinder | M20 | M20 | 3no’s 28 200X 100mm
_ , Prism size
3 Prism M20 | M20 31n0’s 28 500X100X 100mm
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Table No. 21: Casting and curing of M20 GRADE of concrete with 20% cement

replaced by fly ash and 0.5% of coconut fiber of 60mm.

ol M2 | M onos 7,14,28 150XCluSké)eXSI12§0mm
2 |Cylinder | M20 | M21 | 3no’s 28 ;)%;?i%rosr:]z;
3 |Priem M0 | Mt dnos 28 500)(Plrlos(r)nXSI120%mm

Table No. 22: Casting and curing of M20 grade of concrete with 30% cement replaced

by fly ash and 0.5% of coconut fiber of 60mm.

SL'. Particular Dlg/slz)g;n Code SpNe%irggn Curiinn%g;;’iod Remark
ol i M0 | M2z | Prnow 1428 | 5oy 1aomm
2 |Cylinder | M20 | M22 | 3no’s 28 %g;?‘i%roﬁz
3 | Priem M | M2z | Snow 28 S00X100X 100mm

Table No. 23: Workability of various concrete mixes design for slump cone test is as

follows
Mix design codes Slump cone test in mm.
M1-MIX (normal concrete) 38
M2-MI1X (10% fly ash) 42
M3-MIX (20% fly ash ) 43
M4-MI1X (30% fly ash ) 45
M13-MIX (30% fly ash,0.25% fiber) 47
M22-MIX (30% fly ash, 0.5% fiber) 48
GRAPH - WORKABILITY (SLUMFP CONE TEST I'N mm)
60
50 —
__4-_-_-____._________.-0-———
40 p—
30 ——SLUMP CONE...
20
10
o
M1 M2 M3 M4 M13 M22

MIX DESIGN CODES
Graph No: 1: Workability (Slump Cone Test in mm)
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Table No. 24: Workability of various concrete mix design for compaction factor test

Serial No. | Mix Design Code | Compaction Factor
1 M1 0.81
2 M2 0.82
3 M3 0.84
4 M4 0.85
5 M13 0.87
6 M22 0.90

GRAPH - WORKABILITY (GRAPH-COMPACTION FACTOR)
0.92 4 " —+— COMPACTION Fﬂ.L—I'UH|

0.9 #

o V-
EI:EE /

0.84 /,:-""
0.82 ]
—
0.8 .

M1 M2 M3 M4 M13  M22
MIX DESIGN CODES
Graph No. 2: Workability (Graph Compaction Factor)

Details of Specimens Used

1. 150mm x 150mm x 150mm cube specimens for Compressive strength & Modulus of
Elasticity.

2. 100mm diameter x 200mm length specimens are used for Split Tensile Strength test.

3. 100mm x 100mm x 500mm prisms specimens are used for Flexural Strength test.

2.2 Tests for Compressive Strength of Concrete

In the investigation, conventional concrete and fly ash based coconut fiber composite,
concrete cubes of 150mm x 150mm x 150mm sizes were used for testing the compressive
strength. The cubes are tested in a compression-testing machine of capacity 2000kn. The
load has been applied at a rate of 315kn/mm. The load applied in such a way that the two
opposite sides of the cubes are compressed. The load at which the control specimen

ultimately fails is noted. The average of three cubes is taken as compressive strength.
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COMPRESSIVE STRENGTH VERSUS AGE.

—s—Normal concrete (m1l)
—m—10% Fly Ash 0% fiber(m2)
20% Fly Ash,0% fiber(m3)
30% Fly ash,0%fiber(m4)
—+—10% fly ash 0.25% fiber,20mm length(m5)

- 40 -
[
o
=
‘&‘ %
=y =
R —— ——
v >
w &
g —
% 0
7 14 28
8 AGE (DAYS).

Graph No 3: Showing the variation of compressive strength with age for various fly ash
and fiber percentages of M20 grade.

COMPRESSIVE STRENGTH VERSUS FLY ASH AND FIBER

PERCENTAGE.
[ @7-DAYS wW14-DAYS 0O28-DAYS |

30

=
L
£ _
vy ™

E
S E10 .
22
LLj e
ot M1 M2ty asH{PercenTall M5 M6

Graph No. 4: Showing the variation of fly ash and fiber percentage versus compressive
strength in n/mm? of M20 grade

COMPRESSIVE STRENGTH VERSUS AGE.

—+—30% Fly Ash,0.25%fiber,20mm(M-7)

—m—10% Fly Ash,0.25%fiber,40mm(M-8)
20% Fly Ash,0.25%fiber,40mm(M-9)
30% Fly Ash,0.25%fiber,40mm(M-10)

—+—10% Fly Ash,0.25%fiber,60mm(M-11)

£ 30 —
o

= /
L 20

tg ==

=

>s 10

7

& 0

£ 7 14 28
8 AGE (DAYS)"

Graph No 5: Showing the variation of compressive strength with age for various fly ash
and fiber percentages of M20 grade.
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COMPRESSIVE STRENGTH VERSUS FLY ASH AND FIBER

PERCENTAGE.
| m7-DAYS m14-DAYS C128-DAYS |

ED1]
25 [ ] .

20 ] | ]

10 4 —

mM-7 M-8 M-9 M-10 M-11 M-12
FLY ASH AND FIBER ([PERCENTAGE)

Graph No 6: Showing the variation of fly ash and fiber percentage versus compressive
strength in n/mm? of M20 grade.

COMPRESSIVE STRENGTH (N/mm2)

COMPRESSIVE STRENGTH VERSUS AGE.

—+—30% Fly Ash,0.25%FIBER,60MM(M-13)

—m— 10% Fly Ash,0.5%FIBER,20MM(M-14)
20% Fly Ash,0.5%FIBER,20MM(M-15)
30% Fly Ash,0.5%FIBER,20MM(M-16)

—+—10% Fly Ash,0.5%FIBER,40MM(M-17)

g —e—20% Fly Ash,0.5%FIBER,40MM(M-18)
= 30

=

5 20

-

(VW)
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» 10

[¥W)

=

4

& ° 7 14 28

=

S AGE (DAYS).

Graph No. 7: Showing the variation of compressive strength with age for various fly ash
and fiber percentages of M20 grade.

COMPRESSIVE STRENGTH VERSUS FLY ASH AND FIBER
PERCENTAGE.

| m7-DAYS m14-DAYS ©028-DAYS |

30

’o [ n ||

15 —

M-13 Mn1-14 M-15 M-16 M-17 M-18
FLY ASH AND FIBER (PERCEMNTAGE)

Graph 8: Showing the variation of fly ash and fiber percentage versus compressive
strength in n/mm? of M20 grade
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CONMPRESSIVE STRENGTH VERSUS AGE.

—+—30% Fly Ash,0.5%F IBER,40MM(M-19)
w - 10% Fly Ash,0.5%FIBER,60MM(M-20)
20% Fly Ash,0.5%FIBER,60MM(M-21)

30% Fly Ash,0.5%FIBER,6OMM(M-22)

30 A

-~

§ 25

E 20 ///-’/,
E 15 s

=

)

E 10

s 5

a

= o

% 7 14 28
o

o AGE (DAYS).

Graph No 9: Showing the variation of compressive strength with age for various fly ash
percentages of M20 grade

COMPRESSIVE STRENGTH VERSUS FLY ASH AND FIBER PERCENTAGE.

0 7-DAYS M 14-DAYS 1 28-DAYS ]

30

25 -

5% i || [ ] l_

15

10

COMPRESSIVE STRENGTH (N/mm2)

M-19 M-20 M-21 M-22
FLY ASH AND FIBER (PERCENTAGE)

Graph No. 10: Showing the variation of fly ash percentage versus compressive strength
in n/mm? of M20 grade

RESULTS AND DISCUSSION OF COMPRESSIVE STRENGTH

Compressive strength of concrete mixes made with and without fly ash and coconut fiber
with different percentage and variation in length of fiber were determined at 7, 14, and 28
days of curing. The test results are given in table and shown in figure. The maximum
compressive strength was obtained for a mix having a fiber length of 40 mm, 10% fly ash and
fiber content of 0.25% by weight and increase in strength over plain concrete and fly ash
concrete without fiber content. The 7 day compressive strength of fly ash based coconut fiber
concrete was found to be high as 17.9 Mpa. Which is more than ordinary concrete and fly ash
concrete? Similarly 28 day compressive strength was found to be about 27 Mpa which is

more than that of ordinary concrete and fly ash concrete.
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2.3 Test for Split Tensile Strength

The tensile strength of concrete was obtained indirectly by subjecting concrete cylinders to
the action of a compressive force along two opposite generators. The “cylinder” split tensile
test or “Brazilian Test” is an ingenious method for subjecting a large part of the cross-section
of a specimen to uniform tensile stress. These tests were carried out as per the specifications
of 1S: 58166-1970 (14) on three numbers of cylindrical specimens. The specimens were
placed between the two patterns of the compression testing machine. Steel stripe of 3mm
thick, 12mm wide and 300m long were placed between the plate and the surface of the
cylinder. The load was applied at a uniform rate of 100kn/minute till the specimen failed
along the vertical diameter.

SPLITTING TENSILE STRENGTH VERSUS FLY ASH
PERCENTAGE.

| m28-DAYS |

3.5
~ 3 l—
£
2 2.5 |—!
= 2 —
2
L 1.5 p—rt
-
4 3 =
2
= 05 —
—_
g o i
E M-1 M-2 M-3 M-4 M-5 M-6
§ FLY ASH AND FIBER (PERCENTAGE)

Graph No 11: Showing the variation of fly ash and fiber percentage versus splitting
tensile strength in n/mm? of M20 grade.

SPLITTING TENSILE STRENGTH VERSUS FLY ASH AND FIBER

PERCENTAGE.
[ m28-DAYS |
5
) |
E 4 ‘
z
E 3 i
()]
= |
= ‘
; |
g 1 —
w
[~
2 0 ,
E M-7 M-8 M-9 M-10 M-11 M-12
;m‘ FLY ASH AND FIBER (PERCENTAGE)

Graph No: 12: Showing the variation of fly ash and fiber percentage versus splitting
tensile strength in n/mm? of M20 grade
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SPLITTING TENSILE STRENGTH VERSUS FLY ASH
AND FIBER PERCENTAGE.
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Graph No 13: Showing the variation of fly ash and fiber percentage versus splitting
tensile strength in n/mm? of M20 grade.

SPLITTING TENSILE STRENGTH VERSUS FLY ASH AND
FIBER PERCENTAGE.
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Graph No 14: Showing the variation of fly ash and fiber percentage versus splitting
tensile strength in n/mm? of M20 grade.

RESULTS AND DISCUSSION ON SPLIT TENSILE STRENGTH

The splitting tensile strength of concrete mixes made with and without fly ash and fiber
content were measured at the age of 28 days. The results are given in table and shown in
figure respectively. In each mix, three standard cylinder specimens were tested to determine
split tensile strength. The maximum value of split tensile strength obtained is 3.9Mpa, which
is more than ordinary and fly ash concrete. The maximum strength was obtained for a mix
with fiber length of 40mm, fiber content of 0.25% by weight and 10% fly ash replacement of

cement.
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2.4 Test for Flexural Strength:
A common test performed for determination of tensile strength is flexure test, in
which a simple plain concrete prism of size 100 x 100 x 500mm is loaded at the center of

span. The test is performed in accordance with IS: 516 — 1959.

FLEXURAL STRENGTH VERSUS FLY ASH PERCENTAGE.
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Graph No. 15: Showing the variation of fly ash and fiber and fiber percentage versus

flexural strength in n/mm? of M20 grade.

FLEXURAL STREMNGTH VERSUS FLY ASH
PERCENTAGE.
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Graph No. 16: Showing the variation of fly ash and fiber percentage versus flexural

strength in n/mm? of M20 grade.
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FLEXURAL STRENGTH VERSUS FLY ASH PERCENTAGE.
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Graph No. 17: Showing the variation of fly ash percentage versus flexural strength in

n/mm? of M20 grade.

FLEXURAL STRENGTH VERSUS FLY ASH PERCENTAGE.
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Graph No. 18: Showing the variation of fly ash and fiber percentage versus flexural

strength in n/mm? of M20 grade

RESULTS AND DISCUSSION FLEXURAL STRENGTH

The flexural strength test results of fly ash concrete are given in table and shown in figure
respectively. The maximum flexural strength obtained for coconut fiber reinforced concrete
was 4.6 Mpa, which was more than ordinary and fly ash concrete. The maximum strength
was obtained for a mix with 0.5% fiber content, 10% fly ash replacement of cement and
40mm length. It is evident that the flexural strength of fly ash concretes continued to

increase with the increase of percentage of fly ash from 0.25% to 0.5%.
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2.5 Test for Modulus of Elasticity

The modulus of elasticity is primarily influenced by the elastic properties of the aggregate
and to a lesser extent by the conditions of curing and age of the concrete, the mix proportions
and the type of cement. The modulus of elasticity is normally related to the compressive
strength of concrete.

FLEXURAL STRENGTH VERSUS FLY ASH PERCENTAGE.
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Graph No. 19: Showing the variation of modulus of elasticity with age for various fly
ash percentages of M20 grade

MODULUS OF ELASTICITY VERSUS FLY ASH PERCENTAGE.
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Graph No. 20: Showing the variation of fly ash percentage versus modulus of elasticity

in mpax10* of M20 grade
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MODULUS OF ELASTICITY VERSUS AGE.

[—+—M-7 —=-M-8 M-9 M-10 —+—M-11 —e—M-12]
3
=
& 2.8 g
- 2 -»-—
[~
=
E 1.5
(=]
—
w 1
=
(=)
-
s o5
3
= 0
g 7 14 28
= AGE (DAYS).

Graph No. 21: Showing the variation of modulus of elasticity with age for various fly
ash and fiber percentages of M20 grade.

MODULUS OF ELASTICITY VERSUS FLY ASH PERCENTAGE.
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Graph No. 22: Showing the variation of fly ash percentage versus modulus of elasticity

in mpax10* of M20 grade.
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Graph No. 23: Showing the variation of modulus of elasticity with age for various fly
ash percentages of M20 grade.
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MODULUS OF ELASTICITY VERSUS FLY ASH PERCENTAGE.
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Graph No. 24: Showing the variation of fly ash percentage versus modulus of elasticity
in MPA x 10* of M20 grade.
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Graph No 25: Showing the variation of modulus of elasticity with age for various fly ash

percentages of M20 grade.
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Graph No. 26: Showing the variation of fly ash percentage versus modulus of elasticity
in MPA x 10* of M20 grade.

Www.wjert.org

56



http://www.wjert.org/

Ihtesham et al. World Journal of Engineering Research and Technology

RESULTS AND DISCUSSION OF MODULUS OF ELASTICITY

Modulus of Elasticity test results of fly ash concretes are given in table and shown in figure
respectively. The variation of modulus of elasticity with age, and the variation of modulus of
elasticity with fly ash percentages, fiber length and fiber content is shown in figure. The
modulus of elasticity of this composite significantly increased with respect to fiber content
and fly ash. From the test results, it can be seen that the modulus of elasticity of coconut
fiber reinforced fly ash concretes with 10% fly ash, 0.5% fiber for 20mm length was higher
than the control mix (M-1) at all ages. The modulus of Elasticity of all mixes continued to

increase with age.

The Modulus of Elasticity of fly ash concretes continued to increase with the increase in fiber
content. However, the rate of increase is becoming lesser with the increase in fly ash content.
This trend is more obvious between 20% and 30% replacement level. However, maximum

strength at all ages occurs at 10% cement replacement.

When cement is partially replaced by fly ash and reinforced with natural coconut fiber the
Compressive Strength, Tensile Strength, Flexural Strength and Modulus of Elasticity of
concrete reaches its maximum. The maximum strength is reached due to better packing and
ball bearing effect produced by the spherical fly ash particles and interspatial forces which
influences both the hydration and packing efficiency of concrete. The strength is increased
because of the improved deflocculating of cement agglomerates resulting in an increased rate

of CaOH generated and stimulated pozzolanic activity in the fly ash.

The high modulus of elasticity is achieved due to the fact that a considerable portion of
unreacted fly ash consisting of glassy spherical particles act as times to fill the voids present

in fine aggregates.

The strength is increased due to the increased cohesiveness, total absence of bleeding and

decreases in voids.

CONCLUSIONS

The following conclusions can be drawn from the present Investigations

Compressive strength, Splitting Tensile strength, Flexural Strength and Modulus of Elasticity
of fly ash based coconut fiber reinforced concrete specimens were higher than the plain
concrete (Control Mix) and fly ash concrete specimens at all the ages. The strength
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differential between the plain concrete specimens and fly ash based fiber reinforced concrete
specimens became more distinct after at 28 days. The maximum 28 day cube compressive
strength obtained was 27 mpa, for a mix with fiber length of 40mm, 10% fly ash and fiber
content of 0.25% by weight and increase in strength over plain cement concrete is found to be
39.89% and increase in strength over fly ash concrete is 17.39%. The 7 day compressive
strength of fly ash based coconut fiber reinforced concrete was found to be high as 17.9,
which is about 47.9% more than ordinary concrete. The replacement of cement with 20%
and 30% fly ash reduced the compressive strength of concrete. It has been observed that as
the percentage of fly ash increases the compressive strength increases initially, on further
increase in its percentage reduces its compressive strength. The splitting tensile strength of
concrete decreased with replacement of cement with 20% and 30% fly ash. Addition of
coconut fibers increased the fly ash concrete as the percentage of fiber increased from 0.25%
to 0.5%.
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