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Abstract: The high and rising costs of building construction in developing countries have been a source of concern to
government and private developers. This study investigated the use of replacement of cement by high volume fly ash
(hvfa) in concrete. The hvfa concrete attained satisfactory or higher compressive and tensile strength when compared to
opc concrete. With its high strength and low shrinkage properties, hvfa concrete becomes a possible alternative to opc
concrete used for road pavements applications and large industrial floors. The concrete is designed to attain 25
mpa.specimens such as cubes, cylinders and prisms were cast and tested for various mixes. Four mixes m1 to m4 are cast
with 0%, 40%, 50% and 60% replacement of fly ash in concrete and to study the physical and chemical properties of
materials. The compressive strength, flexural strength and, splittensile strength were evaluated at 7, 14 and 28 days.

I. INTRODUCTION
Concrete is a mixture of various materials like one or more binding materials (cement), fine aggregate, coarse aggregate,
water, and other supplementary cementing materials (SCMs) like fly ash, slag, pond ash and some other mineral or
chemical admixtures (super plasticizer, air entraining admixture). Concrete performs a chemical reaction called hydration
which occurs between binding material and water to give appropriate strength and binding nature. When the
supplementary cementing materials are used, some secondary chemical reaction happens between some of the hydration
products and the SCMs. These two reactions bind the aggregate particle to produce a very hard material is called
concrete. Concrete is considered as the most used material in construction works. Fly ash can be used in concrete as a
partial replacement for Ordinary Portland Cement (OPC). Fly ash is introduced in concrete directly, as a separate
ingredient at the concrete batch plant or, can be blended with the Opc to produce blended cement, usually called
Portland-Pozzolana Cement (PPC). Currently in the concrete industry, the percentage of fly ash as part of the total
cementing materials in concrete normally ranges from 15 to 25%, although it can goup t030-35%insome applications. The
use of fly ash in concrete will improve some aspects of the performance of the concrete provided the concrete is
properly designed. The main aspects of the concrete performance with the use of fly ash are increased long-term strength
and reduced permeability of the concreten which inform exhibited better durability. The use of fly ash in concrete can
also address some specific durability issues such as sulphate attack and alkali silica reaction. The high volume fly ash
concrete is the one specific typeof fly ash concrete with higher fly ash contents, lower water-to- cementious materials
ratio (W/CM), and lower cement contents. This is to take full advantages of the increased workability and durability
provided by fly ash and lower W/CM, and to produce a more environmentally friendly concrete by reducing its cement
content. The main difference between the High-Volume Fly Ash Concrete (HVFAC) and the usual fly ash concrete is that
in the concrete, the amount of ordinary Portland cement is minimized through proper mixture proportioning using large
amounts of fly ash and judicious selection of materials and chemical admixtures while maintaining, and often improving its
performance as compared to conventional concrete. There is no fixed percentage of ordinary Portland cement
replacement by fly ash in this type of concrete, but in many cases, percentages of 50 and above were found to be usable.
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To produce a workable concrete at such low W/CM, the use of super plasticizer is essential. The concrete element was
made of the newly developed HVFAC, and its performance exceeded expectations. Extensive investigation were
undertaken to determine the mechanical and durability properties of the HVFAC made with cement and fly ash from
numerous sources and covering a wide range of physical properties and chemical compositions. It was found from those
investigations and field applications that properly designed and cured, HVFAC can demonstrate excellent performance,
both in mechanical as well as in durability aspects, and this when it is made with a wide range of materials.

Il. MATERIALS USED AND WORK METHODOLOGY

ISSN:2349-2163

Cement

Ordinary Portland cement of OPC53 grade (Priya Cement) was used to manufacture the (HVFC) concrete. The physical
and chemical properties are presented in table 3.1 & 3.2

Table 1 Physical properties of cement

Test conducted Observed values
Specific gravity of cement 3.15
Consistency 35%
Initial setting time 28 min
Final setting time 60min

Table 2 Chemical properties of cement

Test conducted Observed values
Calcium oxide 62.68%
Silica 20.36%
Alumina 6.87%
Iron oxide 3.67%
Magnesia 1.77%
Sulphurican hydride 2.24%
Tricalcium silicate 42.57%
Dicalcium silicate 26.33%

Tricalcium aluminate 12%

Tetracalcium aluminoferrite 2.24%

Table 3 Chemical properties of Flyash

Test Conducted Observed Values (%)
Losonignition 3.74
Silica as Sio2 35.87

Iron as Fe203 4.00
Alumina as Al203 34.14
Calcium as CaO 14.25
Magnesium as MgO 3.64
Sulphate as SO3 34
Sodium as Na20 0.90
Potassium as K20 0.06
Chloride -

Table 4 Physical properties of Crushers and

Test Conducted Observed Values (%)
Sio2 34.06
Al203 18.8
Fe203 0.70
CaO 3240
MgO 10.75
SO3 0.85
S 0.65
MnO 0.49
Na20 031
K20 0.98
Cl 0.008
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Table 5

Test conducted Observed Values
Specific gravity 2.74
Water absorption 1.8%

Bulk density 1.64gm/cc

Percentage of voids 40%
Fineness modulus 249
Gradation zonell

Chemical properties of Crushers
Fly Ash
ClassF fly ash of high volume was used and it is obtained from Mettur Thermal Power Plant. The fly ash is in conformity
with the general requirements of pozzolana. The specific gravity of flyash is 2.2 chemical properties is presented in table
33
Crusher Sand
Crusher sand is obtained from RPP Ltd., Erode. The physical and chemical properties is as follows,
Coarse Aggregate
Coarse aggregate of hard blue granite of size 20mm aggregates were used to manufacture the concrete. The aggregates
are in angular shape. The physical properties is given table 3.6
Table 3.6 Physical properties of coarse aggregate

Test conducted Observed values
Specific gravity 2.75
Water absorption 0.9%
Moisture Content 10%
Bulk density 1.66g/cc
Fineness modulus 74

EXPERIMENTAL INVESTIGATIONS
Mix proportions
Proportioning of concrete mixtures consist of determination of respective ingredients necessary to produce concrete
having adequate workability, strength and durability for the particular strength and for various exposure conditions. The
mix proportions for the controlled M40grades were arrived from the trial mixes as per the DOE method of mix design.
These mixtures were used throughout the study. The details of mix proportions are givenin Table 3.4 .Appendix shows
the detailed mix design for M40grade concrete mixtures. Table7Mix Proportions for M40 Grade Concrete After 48 hours

of Material Conventional concrete High Volume Fly-Ash Concrete
0% Weight of fly ash | 40 % Weight of fly ash | 50 % weight of fly ash | 60 % weight of fly ash
replacement by cement | replacement by cement |replacement by cement|replacement by cement
Cement 383 274.82 245.499 212.76
(kg/m3)
Fly Ash
(kg/m3) - 183.21 245.499 319.14
Fine aggregate 773.67 646.45 585.28 558.96
(kg/m3)
Coarse aggregate 1113.34 1200.55 1243.72 1244
(kg/m3)
Water content
(kg/m3) 180 155 150 145
Super plasticizer 5.74 6.87 7.364 7.978
(kg/m3)
Water 0.47 0.34 0.30 0.27
cement ratio
Casting

All the test specimens were casted in steel moulds. The inside of the moulds was applied with oil to facilitate the easy
removal of specimens. Concrete mixer was adopted throughout the experimental work. First the materials cement, fly
ash, fine aggregate and coarse aggregate were weighed exactly, cement and fly ash were mixed first. Then C.A and
crusher sand, cement, fly ash is added and thoroughly mixed. A solution is prepared by adding the required dosage of
super plasticizer to required quantity of water and mixed well. At this stage this solution was added to the concrete was
then placed in the moulds in three layers of equal thickness and a table vibrator was employed to compact the concrete
in the moulds.
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Fig: HVFC Concrete casted in Mould
Specimen Casting Details
Specimens were cast to study the mechanical properties of the mixture.
o 36 Nos of Cubes specimen of size 150mm X 150mm X 150mm for Compressive Strength test.
« 36 Nos of Cylinders specimen of size 150 mm diameters X 300mm height for Splitting Tensile Strength test.
« 36 Nos of Prisms specimen of size 100mm X 100mm X 500mm for Flexural Strength test.
« 36 Nos of Cylinders specimen of size 150mm diameters X300mm height for young’s modulus of Elasticity of concrete

TESTING OF SPECIMENS
Compressive Strength of concrete

The strength of the concrete depends on the properties and proportions of the constituent materials, degree of
hydration, and rate of loading, method of testing and specimen geometry. The properties of the constituent materials
which affect the strength are the quality of fine and coarse aggregate, the cement paste and the paste-aggregate bond
characteristics (properties of the interfacial, or transition, zone). These, in turn, depend on the macro- and microscopic
structural features including total porosity, pore size and shape, pore distribution and the bond between individual solid
components. The strength of saturated specimens can be 15 to 20 percent lower than that of dry specimens. After the
curing period before testing, the specimen should be surface dry. Cube specimens generally exhibit 20 to 25 percent
higher strengths than cylindrical specimens. Larger specimens exhibit lower average strengths. Hydraulic Digital
compression testing machine was used with a capacity of 2000KN and the pace rate of 2.5 KN/sec.

Fig: Testing of cube specimen for compressive
Split Tensile Strength of concrete

The split tensile strength is the indirect measurement of the tensile strength by placing a cylindrical specimen horizontally
between the loading surfaces. This method consists of applying a diametric compressive force along the length of a
cylindrical specimen. This loading induces tensile stresses on the plane containing the applied load. Tensile failure occurs
rather than compressive failure. Plywood strips are used so that the load is applied uniformly along the length of the
cylinder and the load is applied until failure of the cylinder, along the vertical diameter shown in Figure 3.4. The maximum
load is divided by appropriate geometrical factors to obtain the splitting tensile strength of concrete are the ASTM C 496
splitting tension test and the ASTM C 78 third- point flexural loading test. The test setup was shown in figure 3.2 2P
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Flexural Strength of Concrete
Flexural strength is the ability of a beam or slab to resist failure in bending. It is measured by loading un-reinforced
concrete beam of size 500*100*100mm. Flexural MR is about 12 to 20percent of compressive strength. Hydraulic
Flexural testing machine was used for the test and with a capacity of 10 tones. The bearing surfaces of the supporting,
loading rollers are wiped clean and make contact with the rollers. The specimen is then placed in the machine is such a
manner that the load is applied to the uppermost surface as cast in the mould, along two lines spaced 20cm apart. The
load was applied gradually until the specimen fails and the maximum load applied to the specimen during the test is noted.
The flexuralstrength of the specimen is expressed as the modulus of rupture fband the formula used to calculate the
flexural strength depends on the distance between the line of fracture and the nearer support, measured on the centre
line of the tensile side of the specimen. Since the failure distance ‘a’ is greater than13.3cmtheformulaused shown below
PI Flexural Strength (fb) = bd2

Where P= Load (Kg) ; | = Length of the specimen; b = Breadth of the Specimen; d = Depth of the Specimen split Tensile
strength (T)=Where __

LD
P — Compressive load on the cylinder in N, L - Length of the cylinder in mm, D - Diameter of the cylinder in mm,

Fig: Failure Pattern of Beam in Flexural Strength Test

I1I.RESULTS AND DISCUSSION
Concrete must be relatively impervious so as to enable it to withstand the service condition for which it has been
designed, without serious deterioration over the lifespan of the structure. The loss of concrete durability may be caused
by the severity of the environment to which it is exposed or by internal changes within the matured concrete itself. The
external causes may be physical, chemical or mechanical and attack by natural or industrial aggressive liquids and gases.
The fresh and hardened concrete properties of all the concrete mixtures, designed for a concrete grade of M40 with and
without fly ash are described in this chapter. In this chapter the mechanical properties such as compressive strength,
splitting tensile strength, flexural strength of concrete was discussed with 40%, 50% and 60% fly Ash replacement by
cement.
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Discussions
1. Work ability normal concrete measures are 45mm, which is well in the design range of 30 to 60mm.
2. Work ability of fresh concretes increased by adding super plasticizer to attain the design slump value.
3. 7 days compressive of fly ash concretes are much less than the normal concrete especially beyond 40% replacement of
fly ash.
4, At 28 days fly ash concrete upto 50% replacement attains the target mean strength of 48.25N/mm?
5. Flexural strength of fly ash concrete at 28 days is determination and its around 4.86 N/mm? As per IS 456- 2000the
flexural strength of concrete=0.7(fck)**= 0.7(40)°= 4.5N/mm?
6. Thus the flexural strength of fly ash concrete are also conforms the codal provisions.
7. Young's of Elasticity for normal concrete (M40grade)from test is from IS 456-2000 (6.2.1) 24785 N/mm?and for fly ash

concrete it decrease. Ec=5000(fck)*® =5000X(400) 0.5 =31622.77N/mm?
IV.CONCLUSION

Experiments were conducted as narrated in chapter 3 to find out the mechanical properties of concrete mixtures with
and without HVFA by conducting compressive strength test, Splitting tensile test and Flexural strength test. The following
conclusions have been drawn based on the experimental investigation carried out on concrete mixtures with and without
fly ash...

1.

NogakrowdE

Initial day strength (7 to 28 days) of HVFA concrete was lesser than the control mix concrete due to presence of
water soluble alkalies, sulphate, and lime and organic in the fly ash which affects the surface reaction and crystallization
process of HVFA concrete. Hence this resulting in lowering mechanical properties in initial days.

HVFA Concrete with Super plasticizers showed good compatible and good workability in fresh stage and also
retarding the setting time of concrete.

It has been found that 40% of replacement of cement by HVFA can be conveniently used for the structural concreting
works and 50% and can be used for the minor concreting works.

SUMMARY RESULTS
Mix design procedure incorporating fly ash properties is suggested with reference to DOE method.
Work ability of concrete decreases as percentage of fly ash increases in cement.
Work ability increases with the addition of super plasticizer.
The development of compressive strength is less in 7 days and reduces the target mean strength at 28 days.
Fly ash replacement upto 60% is studied.
Up to 40% replacement there is no mark able strength loss.
Beyond 40% up to 60% there is sudden decrease in strength. The initial strength of fly ash concrete is less after 28
days the strength of fly ash concrete is higher than normal concrete.

SUGGESTION FOR FURTHER STUDIES

1.
2.

3.

12.
13.

A detailed study may be taken to arrive a suitable mix design of HVFA concrete for the required strength.

A detailed investigation may be done on structural behavior of reinforced HVFA concrete and flexural members to
assess thefailure mode, bond characteristics of rebar, crack spacing and ultimate strength.

Other concrete properties such as drying shrinkage, pore size distribution, heat of hydration, transition zone
characteristics of HVFA based concrete mixtures need a detailed study. Study on long-term durability properties of
HVFA based concrete mixtures is important and to be carried out.
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