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ABSTRACT

This paper describes the optimum level of replacgrfa strength and workability of concrete for pavent by
replacing different percentage of fly ash and sst&f by weight of cement and fine aggregate famixaof M40 grade
concrete. Hence the study is made on effect ofidly and steel slag on the performance of variotepers of concrete
so as to produce an economical concrete for rigiements. An experimental investigation has beetlenta utilize the
achieved flexural strength of concrete in the rigaement design which is greater than the requiesdral strength as
per IRC: 58-2002. Pavement design results areieenfith Analysis software. The main objective loé fproject is to find
out alternative materials for road pavements totrtleedemands of bitumen for the upcoming yearprtwide adequate
serviceability at minimum cost, to make the ecerfdly roads with safety, and speed for the flowtraffic. In this
investigation, an attempt has to be made to detertfie feasibility of industrial waste productstsas steel slag and fly

ash use in base layer of concrete road pavements.
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INTRODUCTION

Concrete is a mixture of cement, fine aggregatarsaggregate and water. Globally concrete ibénkbone
for the development of infrastructure Viz., builgs industrial structures, bridges and highwaysletaing to utilization
of large quantity of concrete. In today’s situatiooncrete needs special combinations of performameck uniformity
requirements that cannot be always achieved bygusinventional constituents and normal mixing. Tle&ds to search
for admixtures to improve the performance of thaatete. With the experimental investigations anoven results the
mineral admixtures are used in the concrete suedgsConcrete may be used as a sub-base / bassecmaterial in the
rigid pavements. If the locally available materjateluding marginal and industrial waste are zéitl, it could be possible
to reduce the cost of road construction.

The price of the bitumen has gone up hence in pleeming years the availability also will be a mati€serious
concern. For new flexible pavements the designfbfemajor roads is taken as 15 years is recomneeffigie national
highways and state highways and a design life adb11b years is recommended for other roads. limi@rts about 70 %
of its oil needs and this over dependence on irsgerlikely to increase further during the comirgpss, causing serious
drain on the foreign exchange reserves. Advantafjesncrete pavements over bitumen pavement agelifenover 30 —
40 years, free maintenance, good riding qualityd Isarface, avoiding penetration of water, gooteotifve characteristics.
In concrete pavements we can use the waste matstieh as fly ash, slag as a partial replacemeas giost effective and
high strength.

CONCRETE ROAD PAVEMENTS

The increasing price of bitumen worldwide has leathe adoption of concrete pavements and oveday®p of
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bituminous surface in several developed countread. In France, nearly two-third of the natiohahway network
showed inadequate pavement thickness at the et df060’s. the country, therefore took up a caratg programme of
concrete overlays. Nearly 18000 kms out of 28008 kimational highways received concrete overlayind the period
1969 to 1982. Belgium introduced concrete overiay$960. The main reason for the choice in Belgismontinuously
reinforced concrete overlays for major roads gieesellent performance of this type of pavementhia fong term, the
virtual lack of maintenance cost and the reduceer west. In USA, plain concrete has been used sixtely for

resurfacing in California. Since 1960,in has begported in 1981 that: “ plain concrete resurfacingthout dowels are
reinforcd cement have given excellent service ifif@aia.In UK,the first application of concrete ertays on a flexible
pavement in UK in 1981 was reported by Gregory. Siaring the damages caused by heavy rains to intws

surfacing every year, Mumbai city has adopted cetimog of its roads in a phased manner over thetpastty years. As a
result, out of the 1941 kms of roads maintainedHgy municipal corporation of greater Mumbai, thare 507 kms of

concrete roads.

To achieve high strength, admixtures and low watement ratio have been used. A technology demdiustra
project on whitetopping was recently constructedéngaluru city. The stretch selected was 30m widg 350m long
stretch of the hosur road. On an experimental l2siki government had started a 7 kms stretch ad iio the heart of city
from devil village to moolchand junction as a BRArridor which gives priority to the buses. A contienal whitetopping
was provided on this road with 25cm. Pune Munici@alrporation has constructed a small demonstragti@ject in
whitetopping in front of Pune Municipal Corporatibmilding in may 2003. Ultra thin white topping hlbsen laid on a
road patch in thane city on one of the busieste®utear the ghantalimandir in thane in 2007 andadiahroad at

wholesale market in 2008.
RESEARCH SIGNIFICANCE

The main objective of the paper is to find out mi&ive materials for road pavements to meet theashels of
bitumen for the upcoming years. Addition of altéenenaterials which reduces cement content resultisel less emission
of carbon dioxide. To make the eco friendly roadthwhigh performance and cost effective in thiseistigation, an
attempt has been made to determine the feasibilitydustrial waste products such as steel slagfignaish use in base

layer of concrete road pavements.

EXPERIMENTAL INVESTIGATION ON CONCRETE
Materials
The materials involved in this project are ceméing aggregate, coarse aggregate and admixturésasuity ash,

silica and rice husk ash. The properties of theenals are tested and tabulated.

Table 1: Physical Properties of Material

S. No Property Value
1. Specific gravity of CA 2.79
2. Water absorption of CA 0.6%
3. Fineness modulus of CA 6.98
4. Specific gravity of FA 2.65
5. Specific gravity of steel slag 3.9
6. Water absorption of steel slag ~ 2.3%
7. Fineness modulus of FA 2.48
8. Fineness modulus of steel slag  2.94
9. Specific gravity of fly ash 2.45
10. Specific gravity of cement 3.1%
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Table 2: Specific Gravity of FA with Steel Slag

% of Replacement of | Specific Gravity
Steel Slag with FA | of Fine Aggregate
0% 2.65
10% 2.70
20% 2.78
30% 2.86
40% 3.00
50% 3.06

From table 1 The values such as specific graviptewabsorption fineness modulus is within theténaind the
adjustments were made in the mix design for itsesl From table 2 the property of specific grawitfine aggregate with
the combination of steel slag were tested. The emlof specific gravity are getting increased witle increase in
percentage of addition of steel slag with natuaalds The increasing effect is due to the greater fparticles in steel slag

and the absorption of water is more.
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Figure 1: Particle Size Distribution Curve Steel Sig with Fine Aggregate

From figure 1 the sieve analysis has been made thtlcombination of sand with percentage incredsse®|
slag as per IS 383 1970 codal provisions. The alypaph depicts that the particle size distributjaiou40 % slag it
conforms zone Ill which means finer sand and thesichents were made in the mix design accordinipéochanges in

condition.
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Figure 2: Particle Size Distribution Curve for
From figure 2a) the particle size distribution aurfer natural sand conforming to zone Il which viimer sand
and figure b) depicts the particle size distribntaurve for coarse aggregate satisfies the reqeimésras per IS 383 1970
of table 5.
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Mix Design

Mix has been designed for M40 grade concrete biaimdtandard recommended method of concrete migries
as per design code IRC 44 and IS: 10262-1982.

Table 3: Mix Proportion for Concrete

Mix Replacement Mix Proportion
ID | Level of Steel Slag| for M40 Concrete
A 0% 1:0.84: 3.25
B 10% 1:0.86: 3.25
C 20% 1:0.80: 3.25
D 30% 1:0.81: 3.25
E 40% 1:0.85:3.25
F 50% 1:0.86: 3.25

From table 3 the mix ratios for cementitious miatewhich contains 70 % cement and 30 % fly ashe fi

aggregate which includes natural sand and stegl sterse aggregate were listed.
Experimental Procedure

The experimental investigation carried out in $oidetermine their properties and the test proaftur finding
out the compressive strength of concrete and flxstrength of concrete as per 1S 516-1959. Sluesp is used to
determine the workability of fresh concrete. Slutast as per IS: 1199 — 1959 is followed. The apgparased for doing
slump test are Slump cone and tamping rod. The spbeimen of the size 150mm X 150mmX150mm is madtasted
in compression testing machine to determine thepcessive strength of concrete. The beam speciméreddize 500mm
X 100mmX100mm is made to determine the flexuradrgjth of concrete. The specimen test is done iwvedsal Testing
Machine (UTM).

RESULTS AND DISCUSSIONS
Slump Test
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Figure 3: Slump Variation for Different Mixes

[ I=
—_ _
L L

Slhampin

“SP-430" of 1.5 % of cement was used to enhaneentbrkability of fresh concrete for selected prdjpms of
ingredients. Figure 3 shows that the slump valoeséncrete with super plasticizer getting decrédsem Mix A to F.
The workability of concrete was increasing with tr@mbination of fly ash for cement and steel skagfine aggregate
with addition of super plasticizer in fresh coneret
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Figure 4: Compressive Strength of Concrete

In this concrete cubes have been made with flyaasteplacement of cement and steel slag as repiaterhfine
aggregate. From figure 4 the compressive strengtbrcrete keeps on increasing upto 40% steelrsfalgcement for fine
aggregate and decreased for 50 % replacementn€heasing strength was due to good particle paakirapncrete with

steel slag. The grain size distribution of steatjslaries after 40% replacement than normal sand.

4 4
1 4
[ T T T T T
A E C ] E F

Tulix ID

Figure 5: Flexural Strength of Concrete with Fly Ad1 and Steel Slag

Flexural Strength of Concrete
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In this concrete beams have been made with flyaagieplacement of cement and steel slag as repdeterhfine
aggregate. Figure 5 the flexural strength of caeciecreases and shows that maximum flexural stheatjained during

40% replacement of steel slag with fine aggregMtieen the compressive strength increases as wiikatexural strength
also increases which is the important criteriacimncrete road pavement.
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Figure 6: Compressive Strength vs Flexural Strengtlof Concrete
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Figure 6 shows the graph between compressive strarigconcrete and flexural strength of concretee Trend
line was drawn for the relation between them aredeifpuation has been developed for the points. gihation displayed is
almost similar to §= 0.7V f the flexural strength of concrete is importantesid for concrete road pavements and it
should be more than 4 N/miras per IRC 44 and IRC 58 which were attained udhgo replacement of steel slag for fine

aggregate in the present research.
Cost Analysis

The cost of concrete pavement was evaluated arlgizaxda The comparison of normal concrete pavemast h
been made with concrete pavement using replaceofdiytash for cement and steel slag for fine aggte. The result of
cost analysis with comparison shows that the ceagravement with replacement of fly ash and stieg) was reduced.
The cost of 15 percentages has been saved for &varyic meter of concrete.

CONCLUSIONS

From the investigations the following conclusionsregmade

* The physical and chemical properties of fly asbelkslag were experimented as per codal recomniendand

studies have been carried out.

» The optimum replacement level of steel slag foe faygregate is found to be 40 % combined with 3fy%sh.
Flexural strength of concrete pavement with 40%Isttag and 30% fly ash was determined experimigria
M40 grade concrete, which was found to be greatar the required as per IRC 58.

e The cost analysis of nhormal concrete pavement andrete pavement using fly ash for cement and staglfor

fine aggregate has been made with the current pritee market.

» The evaluated cost has been compared for normaretenpavement with concrete pavement using flyaagh
steel slag and discussed. The result of concretenpant using fly ash and steel slag was found tedo@momical

when compared with normal concrete pavement.

* The cost saving was found to be 15%, hence it shibatsthe utilization of industrial waste produstgh as fly

ash and steel slag in concrete pavements wereffestive, eco friendly and energy efficient.
Scope for Further Work

The effect of other industrial by products likecl fume, metakaolineetc on road pavement may d@porated
and to reduce the thickness of the road pavembetsfican also be incorporated. The steel slag saybe replaced for
Coarse aggregate and its behavior can be studiethef investigation is needed to reduce the goddmncrete without

compromising its flexural strength.
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