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Abstract- Sand is a current problem faced by the construction
industry in the present day. Hence there is a need to identify
suitable alternatives to natural river sand as fine aggregate in
concrete to cater the future demand of fine aggregate.
Foundry sand, a waste product obtained from metal foundry,
may be identified as a potential replacement to river sand. The
present study is focussed on the evaluation of foundry sand as
fine aggregate in high volume fly ash concrete (HVFAC).
Preliminary studies on HVFAC were carried out to find out
the optimal content of fly ash by replacing cement at different
percentages (i.e 0, 25, 50, 75,100). From the present
investigation, it was found out the optimal content ( the mix
for which highest compressive strength is obtained) of fly ash
was found to be 55% FAC mixes by replacing river sand. The
mechanical properties of HVFAC such as Compressive
Srength, Split Tensile Srength,Flexural  Srength,Shear
Srength were studied in detail. From the results it was found
that the replacement of river sand with foundry sand resulted
in the decreasing in the mechanical properties. With the
highest content of foundry sand , high was the strength loss in
HVFAC mixes. Although, the performance of foundry sand in
HVFAC mixes was lower. The HVFAC contains foundry sand
achieved sufficient strength for structural applications. From
the present study, it may be concluded that foundry sand can
be seen as alternative for river sand.

Keywordss HCVFAC ( High volume fly ash concrete),
Foundary sand .

I.INTRODUCTION

In the current years, the globa warming and
ecological issues have become major issues.

The augmented emissions of CO2 and other gases
from industria establishments and infrastructure devel opment
projects have caused several changes in the climatic
conditions. Concrete being the most widely and extensively
used building materias foral the construction activities. The
current infrastructure growth in India has increased the
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demand for concrete and other building materials. The higher
demand for concrete has resulted in higher emissions of
greenhouse gases into the atmosphere occurring from the
production of OPC. The production of OPC is a very energy
exhaustive method includes heating the raw materias to
1500°C (Dungan RS,2009) . The overal production of
Portland cement is associated with large consumption of
natural raw materials, energy along with emissions of
greenhouse gases. Due to such constraints, the researchers and
engineers across the globe are focussing their attention on the
development and identification of aternative materials to
concrete and concrete making materials. The use of industria
waste materias for concrete production has become the latest
trend in the research and construction industry. Over the years,
researchers have identified several industrial wastes such as
Ground Granulated Blast Furnace Slag (GGBFS), Fly Ash
(FA),silica fume etc, which have been seen to provide
satisfactory performance in concrete. The inclusion of such
wastes may be done by replacing the cement binder or may be
by replacing the natural aggregates.

The utilisation of FA has displayed severa
advantages in the conventional concrete. Attempts by
researchers have reported that the substitution of OPC with FA
up to 30%-40% has shown several advantageous properties in
the concrete. However, the use of FA higher than 50% as
replacement to cement binder have aso been atempted and
found to have satisfactory performance. Generdly the
concrete containing more than 50% FA as binder may termed
as High Volume Fly Ash Concrete (HVFAC). Severa studies
conducted on HVFAC have reported better mechanical and
durability properties as compared to conventiond OPC
concrete (Mahotra). The HVFAC is also associated with low
heat of hydration, better workability, lower shrinkage etc.
However, the HVFAC has severa disadvantages such as low
early strength, longer curing periods etc. The use of HVFAC
may prove beneficial in countries like India, China where the
production of FAis very high. The utilisation of HVFAC in the
major construction projects will reduce the demand for OPC
concrete which in turn may reduce the production of OPC,
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thus reducing the CO2 emissions along with reduction in the
exploitation of natural raw materials.

The increased demand of concrete has resulted in the
increased demand for aggregates since aggregates form major
portion in the concrete. Over the years, river sand has been
used as fine aggregates in the manufacture of concrete. River
sand is extracted from river beds. The increased demand has
resulted in the over exploitation of the river sand causing
several environmenta problems. However, the mining of sand
from the river beds has been restricted by severa
environmental and government agencies due to the negative
ecologicdl effects. The sand mining is associated with various
problems, which damage the environmental balance. Due to
such constraints, the availability of river sand for construction
activities has become a mgor issue. This has resulted in
immediate need to discover substitute materials to cater the
requirement of river sand for construction. Materias such as
copper slag, foundry sand, manufactured sand etc has been
tested successfully as replacement to Natural River sand in
conventiona concrete. Foundry sand is one eye-catching
aternative to river sand. Foundry sand is a waste product from
the foundry and moulding industry. These waste by-product is
easy available and lesser cost compared to naturaly available
river sand. The obtained waste by-product can be recycle and
reuse many timesttill it is no longer reused and it is termed as
waste foundry sand (WFS). The WFS is usualy disposed off
into pits or open areas. WFS can be effectively used for partial
replacement of fine aggregate in concrete. WFS gives better
strength and durability properties compared to naturaly
available sand. The use of WFS as fine aggregates in concrete
will provide partial solution to the increased demand of
aggregates and also will reduce the cost of disposal of WFS.
Although WFS has showed satisfactory performance in
conventional concrete, there are no research carried on the use
of FSin HVFAC mixes. The present study focuses to evaluate
the performance of HVFAC with WFS as fine aggregates. The
mechanical and durability properties of HVFAC with WFS
are evaluated. Such a type of concrete comes with several
advantages especidly in India which has huge amount of FA
production and having crisis of non-availability of river sand
forconstructions.

[I.OBJECTIVESOF THISSTUDY
The following are the major objectives of the study

To optimise the mix design for HYFAC containing
foundry sand as fine aggregate.
To evaluate the mechanica or strength properties
such as compressive strength, split tensile strength,
flexural strength, shearstrength.
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I11. OBSERVATIONS ANDDISCUSSION

Based on the experimenta results, the following observations
and conclusions are made:

CompressiveStrength

In this study, obtained results of compressive strength
test for HVFAC by incorporating different percentages of
foundry sand as fine aggregate are discussed here,

It is evident from Table. 4.2, 4.3, &4.4 Compressive
strength of HVFAC with different percentages of foundry
sand increases with the age.

Compressive strength of HVFAC at different percentages
of foundry sand (i.e 25, 50, 75, 100) obtained is lesser
than HVFAC at 0% foundrysand.

HVFAC with 100% foundry sand i.e F-4 developed
little strength, only about 53% of its 28 days. Therefore,
the early strength devel opment isslower.

Compressive strength of HVFAC with 100% foundry
sand are less than other respective mix designations at
alages.

The target strength was 48.25 N/mm?*or M40 concrete for
which optimum content of fly ash is obtained by trial and
error method (i.e. 55% of fly ash as cementitious
material) for HVFAC. For all series of HVFAC, the
strength achieved is more than target strength at 90days.
Since, HVFAC with 25% of foundry sand develop near-
by compressive strength compared to HVFAC with 0%
foundry sand compressive strength. It is economical to
use because the disposal problem is reduced by such
utilization of fly ash and foundrysand.

Table 3.1: Overall results of Compressive strength of
HVFAC with different percentages of foundry sand

Compressive Percentage | Percentage Porceutase
strength{Mpa) decrease in | decrease in s gln
| High | Fa v ssiv e
Desig ‘.duglie ;:ln co:.n!)rofll:o ccmplms]l: comprassive
natie strengt e strengt strength w.r.t
My ash | sl n7 28 on wrt wrt ;.
n . : ¥ reference
(Ya) (%a) | daye | days  days reference reference mix for 00
wis for 7 mix fur 28§ .D;“
days days 5

F-0 55 ] 2725 | 4725 6266

ooz 0208 0026

F-2 55 50 | 2415 | 3881 5215 0114 -0.178 0167

F3 55 7i 21.62 | 3559 4815 0.206 0.225 0231

F-4 35 100 1011 | 3582 2548 -0.208 -0.230 -0.274
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Fig 3.1: Variation of compressive strength of HVFAC

Split TensileStrength

In this study, obtained results of split tensile strength

test for HVFAC by incorporating different percentages of
foundry sand as fine aggregate are discussed here,

It is evident from Table. 4.6, 4.7, & 4.8 the tensile
strength of HVFAC with different percentages of
foundry sand is much similar to compressive strength
development.

Split tensile strength of HVFAC increases
with ages. For control mix at 90 days , the decreases
of tensle strength of HVFAC with percentages of
foundry sand is 5.6%, 9.6%, 13.9%,
19.6%respectively.

Split tensile strength of HVFAC at different
percentages of foundry sand (i.e 25, 50, 75, 100)
obtained is lesser than HVFAC at 0% foundrysand.
The28dayssplittensilestrengthof HV FACforalldifferen
tmixesoffoundry sand are in the range of 7 to 7.6% of
their respective compressive strength.

Table 3.2: Over results of Split Tensile strength of HVFAC

with different percentages of foundry sand.

Strength, X'mm?
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Split Tensile Sirengih

Fig 3.2: Variation of Split tensile strength of HVFAC

Flexural Strength

In this study, obtained results of Flexural strength test

for HVFAC by incorporating different percentages of foundry
sand as fine aggregate are discussed here,

Ingeneral forallmixesofHV FA Cflexuralstrengthincrea
seswithage, though theincrease in strength for 28 days
to 90 daysis marginal.

It is observed that, the flexura strength of HVFAC
decreases with increase in different percentages of
foundry sand for respective mixes. Flexura strength
of HVFAC increases withages.

For control mix at 90 days , the decreases of Flexural

strength of HVFAC with percentages of foundry sand
is5.6%, 8.4%, 15.8%, 20%respectively.
HVFAC with 100% foundry sand exhibits max
flexural strength of 5.2 N/mm?at the age of 90 days
which is lesser than HVFAC with 0% foundry sand of
flexural strength 6.5N/mm?

Table 3.3: Over results of Flexural strength of HYFAC

with different percentages of foundry sand.

Split Tensile Percentage | Percemrage P g
stremzthMpa) decrease in | decrease in decrease in
Split Split Split
Hizh Foun Tensile Tensile Tensile
volome | dry 07 18 o strengih strengih strenslh
fly ash | sand | days | days | days W.ET W.I.E w.rt
(%) (%) reference reference reference
mix for 7 mix for I8 mix for M)
days days Days
Tiesigna
tion
F-D 33 0 238 | 337|423
F1 33 3 2 332|399 0o 0.012 C.055
F-2 51 ] 1 PRI 382 -0 ORR -0 160 -0 095
F-3 35 2.0 0| 34 -0.151 -0.168 -£.139
F-4 53 130 L 260 | 340 -0.235 -0.228 0195

Page | 506

Fletural Fercentage | Percemtage Percentage
strength{Mpa) decrease in | decrease in decrease in
Flexural Fletural Flexural
High Foun strength srrength strength
Designa | volume | dry o7 285 o Wt W.LT w.rt
rian fly ash | sand dae Ao Teferen e reference reference
(%) | () O |9 T icfer7 | mixfor28 | mix for 00
days days Days
T-0 55 )] 327 | 520 630
35 13 320 | 308 [ 613 -0 -0.023 2026
F-2 35 1] 204 | £40 (595 -0.100 -0.133 -0.08<
E-3 55 7i 272 | 425 (560 -0.168 -0.182 2138
F-4 33 100 240 | 387 320 -0.266 -0.236 -0.200
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Flexural Strength Table3.4: Over resultsof Shear strength of HVFAC with
i different percentages of foundrysand.
Shear Pereentage | Percentage | Percentage
& strength({Mpa) decrease in | decrease in decrease in
Shear Shear Shear
i Higk | Foun strength strength strength
b2 1 Desipua | volumme dry v % o wrt wrt Wt
; tion flv ash | samd A d;vs dacs reference reference referemce
- (%) %) . 5 . iy for 7 s fur 28 mix fur 90
- / = FD days days Days
£, i3
B 74 i 0 > U s [aer] 60| ... s | s
& 4
F-1 54 WO 700 | 449 | 530 -0 08D 1 141 -0 (45
sl ) 55 i 27 122 ) 555 .157 0.112 0.159
10 0 30 a0 50 &0 0 B0 90 100
Cariag period for No.of days F3 53 15| 256 [3902 518 | 22 0203 0215
Fig 3.3: Variation of Flexural strength of HVFAC
F4 55 100 237 | 351 | AT Q.21 0.2%5 0277
Shear Strength
In this study, obtained results of Shear strength test Shear Strength

for HVFAC by incorporating different percentages of foundry
sand as fine aggregate are discussed here,

It is observed that the shear strength of HVFAC decreases
with increases in foundry sand content a any
particularage.

The shear strength of HVFAC at 0% foundry sand are
more than shear strengthat respective percentage of
foundry sand (i.e 25%, 5.%, 75%,100%).

For al mixes of HVFAC flexural strength increases with
age, though the increase in strength for 56 days to 90 days
ismarginal.

However, for al HVFAC mixes , the 28 days shear
strengths are more than the max design shear strength of
concrete as per 1S:456-2000.

Because of better results of shearstrength for M40
concrete. Thus, HVFAC are suitable for resisting shear.

Stremgih, N/mm?

Curing peried for Mool davy

Fig 3.4: Variation of Shear strength of HVFAC
IV. CONCLUSIONS

1. The Compressive strength of HVFAC for different
percentage of foundry sand ( i.eF-1, F-2, F-3, F-4) is
decreased by 5.6%, 16.7%, 23.1%, 27.4 % respectively
when compared with HVFAC with foundry sand of F-O
replacement at 90days.

The Split tensile strength of HVFAC for different
i i ) percentage of foundry sand (i.e, F-1, F-2, F-3, F-4) is
pamclamfounf:iry sand reduc§ the water cement gel in decreased by 5.6%, 9.6%, 13.9%, 19.6% respectively
concrete due to improper bonding betwc_aen cement _paste when compared with HVFAC with foundry sand of F-0
and aggregate takes place. Thus, mechanical properties of

By the above observations the following discussions were
made

Increase of foundry sand content lead to decrease of >
Strength properties because high surface area of fine '

" replacement at 90days.
HVFAC decrease by the adaition Of. foundrysand. 3. The Flexural strength of HVFAC for different percentage
As the percentage of foundry sand increased, the strength of foundry sand ( i.eF-1, F-2, F-3, F-4) is decreased by
or mechanica properties of the concrete isdecrea 5.6%, 8.4%, 15.8%, 20% respectively when compared
with HVFAC with foundry sand of F-O replacement at
90days.

4. The Shear strength of HVFAC for different percentage of
foundry sand (i.e, F-1, F-2, F-3, and F-4) is decreased by
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4.5%, 15.9%, 21.5%, and 27.7% respectively when
compared with HVFAC with foundry sand of F-O
replacement at 90days.

5. Compressive strength,Split  tensile  strength,Flexurad
strength,Shear strength of the HVFAC decreased with
increase in percentage of foundrysand.

6. For each percentage of foundry sand,decrease of
mechanical properties observedwith the increasein age..

7. Addition of foundry sand in HVFAC affects the slump
ofconcrete.

8. The Mechanica properties of HVFAC at 55% of FA,
75% of River sand and 25% of FS (i.e,F-1) devel ops near-
by strength compared to HVFAC at reference mix (i.e,F-
0). Hence, it is recommended to replace55% of FA, 75%
of River sand and 25% of FS to attan target
meanstrength.
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