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Fly ash Currently India produces around 120 million tones of fly ash per annum. The power
Concrete requirements of the country have increased a lot due to industrial growth. India mainly
HVFAC depends on thermal power which contributes about 80% of the power produced resulting
LVFAC in accumulation of huge quantity of fly ash as residue. Itis estimated that ash generation

is likely to reach 170 million MT by 2010; only 32 % of the fly ash is utilised which
needs an urgent attention. Effective utilizing of high and low volume of fly ash in concrete
(HVFAC & LVFAC) has positive effects in an environmental friendly way, preserving
resources and producing better concrete. This paper presents the experimental
investigation carried on HVFA and LVFAC in concrete and the environmental benefits
rendered by it.

INTRODUCTION

Fly ash isan inorganic, noncombustible by-product of coal-burning power plants. Ascoal isburnt at
high temperatures, carbon isburnt off and most of the mineral impuritiesare carried away by theflue
gasin the form of fly ash. Fly ash is a pozzolanic material possessing ho cementitious value but
which will, in finely divided form and in the presence of moisture, chemically react with calcium
hydroxide at ordinary temperature to form compounds possessing cementitious properties. In the
presence of moisture, alumino-silicates within the fly ash react with calcium ionsto form calcium
silicatehydrates. Today, thereisageneral trend to replace higher levelsof Portland cement with fly
ash in concrete. The increased pressure to use higher levels of fly ash in concrete stems from three
main aspects. Thefirst aspect iseconomics. In most marketsfly ashisless expensive than Portland
cement. Therefore, as the replacement level of fly ash increases, the cost to produce concrete de-
creases. The second aspect and arguably the most important one is the environment. Fly ash isan
industrial by-product, much of which isdeposited in landfillsif not used in concrete. Also from an
environmental perspective, the morefly ash being utilized in concrete, thelessthe demand for Port-
land cement; the less Portland cement production will lower CO, emissions. The third aspect influ-
encing the use of higher replacement levelsisthetechnical benefits of high volumefly ash concrete
(HVFAC). HVFAC hasimproved performance over ordinary Portland cement concrete, especially
intermsof durability when appropriately used (Basu 2006, Sivasundaram 2004). Althoughthereare
clearly economic and environmental benefits associated with the use of high levels of fly ash in
concrete, thereisrelatively little information on the behaviour of such concrete and almost no guid-
ance on its production or use. The aim of the investigation isto utilize effectively low volume and
high volume fly ash in concrete and to reduce the pollution caused by fly ash.

M aterialsused: Ordinary Portland cement (OPC-53 grade) conforming to | S: 12269-1987 was used
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in the investigation. The required quantity was procured as single batch, stored in airtight bagsand
used for the experimental programme. Locally available river sand conforming to zone 1l of IS:
383(1970) was used asfine aggregate. The coarse aggregate was 20mm down graded crushed granite
stone obtained from thelocal quarry. Potable water was used for the casting specimensand for curing
purpose. Usually super plasticizers are added as 2-4% of cement massor 5 to 15 its per m®of con-
crete. Inthisinvestigation, asul phonated naphthal ene polymer SUPAFL O super plasticizer, 2.5% by
weight of cement, was added as admixture to enhance workability. Fly ash procured from Mettur
Thermal Power Plant was used as partial replacement of cement.

Details of specimen: High strength and performance mix can be produced by reducing water-
cement ratio lower than normal concrete. Thisis possible because of chemical admixtures. Mix pro-
portioning of HVFAC isamore critical process than normal conventional concretein view of high
fines content and low w/b ratio. Jiang and Mal hotra (2000) suggested a mix proportioning method
based on combination of empirical results and absolute volume method. The mix proportion ob-
tainedwas1:1.4:2andw/c0.36.

Testing of specimen: Concrete cubes, 150 mm in size, weretested for compressive strength, 150 x
300 mm cylinders for splitting tensile strength, and 101.4 x 101.4 x 508 mm beams for flexural
strength. A total of 234 specimenswere cast for testing (90 cube specimensfor compressive strength
+ 90 cylindrical specimens for split tensile strength + 54 beam specimens for flexural strength)
(BIS1959). Details of variousmixesused aregivenin Table 1.

Experimental studieson HVFAC and L VFAC mixes. Compressive strength, tensile strength and
flexural strength studieswere conducted on various mixes (HVFAC & LVFAC, M60) to study the
effect of presence of fly ash and its presence with admixture.

RESULTS AND DISCUSSION

Physical and chemical properties: Physical propertiesof cement fly ash aregivenin Table 2, and
chemical propertiesin Table 3.

Compressive strength: The results of compressive strength at the age of 28 days are reported in
Table4 andthevariationisshown in Fig. 1. It has been observed that compressive strength decreased
with increased addition of fly ash content. With low quantity of fly ash, characteristic behaviour of
fly ash mix is alike. The FA-10 of 10% replacement with fly ash showed strength characteristics
greater than control reference mix FA-O at the age of 90 days. Similarly, higher volume of fly ash
content, FA-40, FA-50, FA-60 are showing alike characteristic features. From Fig. 2, itisclear that
the age affect to agreater extent the strength of mix; withtheincrease in age the strength of mix also

Table 1: Mix proportions of the concrete.

Mix designation FA-0 FA-10 FA-20 FA-30 FA40 FA-50 FA-60
Fly ash, % 0 10 20 30 40 50 60
w/c ratio 0.36 0.36 0.36 0.36 0.36 0.36 0.36
Cement, kg/m® 500 450 400 350 300 250 200
Fly ash, kg/m® 0 50 100 150 200 250 300
Fine aggregate, kg/m? 700 700 700 700 700 700 700
Coarse aggregate, kg/m? 1000 1000 1000 1000 1000 1000 1000
Water, L/m@ 180 180 180 180 180 180 180
Super plasticizer, kg/m? 8.5 8.5 8.5 8.5 8.5 8.5 8.5
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Table 2: Properties of the constituent materials.

S.No. Parameter OPC used Fly Ash Fine Coarse
Aggregate Aggregate

1 Normal consistency 26 % 30% - -

2 Finess by sieving( % 45 micron) 80 78 - -

3 Initial setting time 30 85 - -

4 Final setting time 360 400 - -

5 Specific gravity 3.15 212 251 2.64

6 Bulk density - - 1700 1600

7 Finess modulus - - 281 412

8 Water absorption - - 1.0% 0.5%

Table 3: Chemical composition of cement and fly ash.

S.No SO, ALO, Fe,0, Ca0 MgO S0,
1.Cement 214 53 32 516 08 22
2.Flyash  59.62 26.43 6.61 120 0.76 058

Table 4: Strength properties of concrete.

Parameters FA-0 FA-10 FA-20 FA-30 FA-40 FA-50 FA-60
Cube compressive strength in MPa 61.12 60.68 56.23 54.53 484 40.12 38.45
Split tensile strength in MPa 4.75 425 422 381 3.15 312 3.07
Flexural strength in MPa 7.52 7.24 6.73 5.61 543 522 5.10
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Fig. 9: Flexural strength variations with age.

increases. Up to the age of 28, 56 and 90 days, with fly ash replacementstill 30% of cement show
similar proportion achieving strength at their ages. Whereas, there is a vast variation in strength
achievement in replacing cement by higher quantity of fly ash. The percentage decrease with refer-
ence to control mix is 6.23, 7.9, 9.1, 11.1, and 17.8 for the fly ash mixes FA-20, FA-30, FA-40,
FA-50 and FA-60 respectively. Therel ationship between compressive strength and the ageisgiven
by the relation asshown in Fig. 3, whichis:

Y =10.78 Ln(X) + 13.837
Where, Y iscompressive strength in MPaand X isagein days.

Split tendlestrength: Theresultsof tensile strength at the age of 28 daysarereportedin Table 4 and
thevariationisshowninFig. 4. Low volume quantity of fly ash concrete shows distinct characteris-
ticswhen compared with high volume of fly ash concrete as shownin Figs. 4, 5, 6. The percentage
decrease with referenceto control mix is0.27,10.1, 11.3, 12.82, and 15.31 for the fly ash mixesFA-
10, FA-20, FA-30, FA-40, FA-50 and FA-60 respectively. The rel ationship between tensile strength
and the age isgiven by therelation:

Y = 1.258 Ln(X) + 0.5445

Flexural strength: Flexural strength of concrete mixtureswas determined at the agesof 7, 28 and 90
days. Resultsaregivenin Table 4, and shownin Figs. 7, 8, 9. Like compressive and splitting tensile
strength results, flexural strength of concrete mixtures also increased with age. The percentage de-
crease with referenceto control mix is3.72,10.51, 25.4, 27.8, 30.6 and 32.2 for thefly ash mixes FA-
10, FA-20, FA-30, FA-40, FA-50 and FA-60 respectively. Increase in quantity of fly ash affectsthe
flexural strength when compared to control mix, with the increase in age these deviations are re-
duced. The relationship between flexural strength and the ageis given by therelation:

Y =0.8205Ln(X) + 3.4206

Environmental aspects: Fly Ash isachemically complex pollutant and, if not properly disposed,
may cause serious environmental problemssuch as:

» Scattering of ash particlesover land surface by precipitation resultsin degeneration of soil char-
acteristics.
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*  Wet disposal of fly ash resultsin direct entrainment leading to leaching of heavy metalsinto
groundwater.

» Particulate matter concentration inthe atmaosphere increases, causing increasing theincidents of
pulmonary ail ments.

» Vighility reduction around power stations when atmospheric moisture forms aerosols with the
finefly ash particles.

» Corrosion of metallic surfaces.

» Construction of large ash disposal areas resultsin land use issues such as resettlement, |oss of
agricultural production, grazing land and habitat aswell aswastelands.

» Elevated RSPM ambient air concentration in the vicinity of under-maintained ash ponds.

» Surry disposal systemsput astrain on freshwater resources.

Considering the above points, fly ash can be effectively used judicioudly according to the neces-
sity and the application areas which act as effective tool in reduced CO, emissions, reduced energy
consumption and reduced demand for primary resources.

CONCLUSION

Thestudy has proved that the replacement of cement with six percentages of fly ash content reduced
the compressive strength, splitting tensile strength, and flexural strength at the age of 28 days, but
there was a continuous and significant improvement of strength properties beyond 28 days. The
strength of concrete with low and high volume fly ash content, even at 28 daysis sufficient enough
for use in reinforced cement concrete construction. Judicious use of fly ash can effectively reduce
pollution, energy consumption and saves the environment.
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