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ABSTRACT 

The word concrete is defined as concrete that meets special combinations of strength and uniformity 

requirements that cannot always be achieved routinely using conventional constituents and normal mixing, placing, 

and curing practices. The concrete is widely used in large scale in the construction industry, not only for its strength 

and also with the demands of high strength, high performance and high durability at desirable cost. And also at the 

same time the demand for reducing the usage of cement quantity with partial replacement of other pozzalanic 

materials to save the environment without any deviations in the concrete strength. It is very difficult to get a product 

which simultaneously fulfills all of the properties. For this in recent years the word “Blended cements” is introduced 

into the construction industry to partial replacement of cement with any other pozzolanic materials to reduce the 

quantity of ordinary Portland cement, and also to reduce the cost of concrete. The Blended cements are also used to 

increase the compressive strength of concrete and sometimes to prepare high performance concrete. So the different 

pozzolanic materials like, Ground Granulated Blast furnace Slag (GGBS), silica fume, Rice husk ash, Fly ash and 

High Reactive Metakaolin, are some of the pozzolanic materials which can be used one or more in concrete as 

partial replacement of cement, which are very essential ingredients to produce required strength and properties of 

concrete. From the above we have used Ground granulated blast furnace slag and Fly ash materials in our project for 

partial replacement of cement. And also it is very important to maintain the water cement ratio within the specified 

range to achieve the required strength, for that we have selected water cement ratio has 0.40 and 0.45 for M40 and 

M30 grades of concrete respectively.   

So we herein the project has tested on concrete elements with Ground granulated blast furnace slag and Fly 

ash to obtain the desired strengths and properties. Finally we used in combination of fly ash and ground granulated 

blast furnace slag in different percentages as replacement of cement and concrete was prepared. We casted concrete 

cubes and prism are kept for curing for a period of 28days. Finally compressive test and flexural test are conducted. 

To obtain such desired strength that cannot be obtained from conventional concrete and by the current method, a 

large number of trial mixes with different percentages of fly ash and different percentages of Ground granulated 

blast furnace slag are required to select the desired combination of materials that meets the required strength. 

 

1. INTRODUCTION 

1.1 GENERAL  

Concrete is the most widely used man-made 

construction material in the world. It is obtained by 

mixing of fine aggregates, coarse aggregates and 

cement with water and sometimes admixtures in 

required proportions. Fresh concrete or plastic 

concrete is freshly mixed material which can be 

molded into any shape hardens into a rock-like mass 

known as concrete. The hardening is because of 

chemical reaction between water and cement, which  

 

 

continues for long period leading to stronger with 

age. The utility and elegance as well as the durability 

of concrete structures, built during the first half of the 

last century with ordinary Portland cement (OPC) 

and plain round bars of mild steel, the easy 

availability of the constituent materials (whatever 

may be their qualities) of concrete and the knowledge 

that virtually any combination of the constituents 

leads to a mass of concrete have bred contempt. 

Strength was emphasized without a thought on the 
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durability of structures. As a consequence of the 

liberties taken, the durability of concrete and concrete 

structures is on a southward journey; a journey that 

seems to have gained momentum on its path to self– 

destruction. This is particularly true of concrete 

structures which were constructed since 1970 or 

thereabout by which time the following 

developments are came subsequently.  

(a) The use of high strength rebars with surface 

deformations (HSD) started becoming common.  

(b) Significant changes in the constituents and 

properties of cement were initiated.  

(c) Engineers are started using supplementary 

cementitious materials (SCM) and admixtures in 

concrete, often without adequate consideration. 

The setback in the health of newly constructed 

concrete structures prompted the most direct and 

unquestionable evidence of the last two/three decades 

on the service life performance of our constructions 

and the resulting challenge that confronts us is the 

alarming and unacceptable rate at which our 

infrastructure systems all over the world are suffering 

from deterioration when exposed to real 

environments. 

 The Ordinary Portland Cement (OPC) is one 

of the main ingredients used for the production of 

concrete and has no alternative in the civil 

construction industry. Unfortunately, in the 

production of cement involves emission of large 

amounts of carbon-dioxide gas into the atmosphere, a 

major contribution for greenhouse effect and the 

global warming. Hence it is inevitable either to 

search for another material or partly replace it by 

some other materials to save our environment. The 

search for any such cementitious material, which can 

be used as an alternative or as a supplementary for 

cement should lead to global sustainable 

development and lowest possible environmental 

impact. 

By doing  experimental studies we found 

some materials like  Fly ash, Ground Granulated 

Blast furnace Slag (GGBS), Rice husk ash, High 

Reactive Metakaolin, and Silica fume are some of the 

pozzolanic materials which having the similar 

properties of cement can be used in concrete as 

partial replacement of cement. A number of studies 

are going on in India as well as abroad to study the 

impact of use of these pozzolanic materials as cement 

replacements and the results are encouraging. The 

strength, durability, workability and other 

characteristic of concrete depends on the properties 

of its ingredients, proportion of mix, method of 

compaction and other controls during placing and 

curing. 

With the passage of time to meet the 

demand, there was a continual quest in human being 

for the development of high strength and durable 

concrete. The history of high strength concrete is 

about 35 years old, in late 1960s the invention of 

water reducing admixtures lead to the high strength 

precast products and structural elements in beam 

were cast in situ using high strength concrete. Since 

then the technology has come of age and concrete of 

the order of M60 to M120 are commonly used. The 

definition of high strength concretes is continually 

developing. In the 1950s 34MPa was considered high 

strength, and in the 1960s compressive strengths of 

up to 52MPa were being used commercially. More 

recently, compressive strengths approaching 120MPa 

have been used in cast-in-place buildings. The 

advantage of pre stressed concrete technology has 

given more impact for making concrete of high 

strength. In India high strength concrete is used in pre 

stressed concrete bridges of strength from 35 MPa to 

45 MPa. Presently         (in 2000) Concrete strength 

of 75 MPa is being used for the first time in one of 

the flyover at Mumbai. Also in construction of 

containment Dome at Kaiga power project used HPC 

of 60MPa with silica fume as one of the constituent. 

In Hyderabad metro rail project they are using 

60MPa for the construction of flyover bridge 

columns. 

The reasons for these demands are many, 

but as engineers, we need to think about the 

durability aspects of the structures using these 

materials. With long term durability aspects kept 

aside we have been able to fulfill the needs. The 

concrete of these properties will have a peculiar 

Rheological behavior. 

Now a day the construction industry turning 

towards pre-cast elements and requirement of post-

tensioning has made the requirement of the high 

strength of concrete invariable and the engineers had 
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to overcome these drawbacks, which to a great extent 

we have been able to do. But today the construction 

industry is to achieve the savings in concrete and also 

economy in financial aspects. 

2. REVIEW OF LITERATURE 

As our aim is to develop concrete which does not 

only concern on the strength  of concrete, it also 

having many other aspects to be satisfied like 

workability, performance, durability and also 

economy. So for this we need to go for the addition 

of pozzolanic materials along with super plasticizer 

with having low water cement ratio. The use of silica 

fume is many, which is having good pozzolanic 

activity and is a good material for the production high 

performance concrete. Also now a days one of the 

great application in various structural field is fiber 

reinforced concrete, which is getting popularity 

because of its positive effect on various properties of 

concrete. But silica fume and fiber reinforced 

materials are very costly comparing with the ground 

granulated blast furnace slag (GGBS) and Fly ash 

(FA). Hence we are using ground granulated blast 

furnace slag (GGBS) and Fly ash (FA) in this present 

study. 

Some of the early research works had done using 

different pozzolanic materials with the replacement 

of cement using superplasticizer for the development 

high Strength concrete and high performance 

concrete. Also the development in the field of fiber 

reinforced concrete along with pozzolonas. And also 

developments on binary blended cements. Some of 

the over views of different studies has been 

represented here below. 

Gopalam M and Haque M  (1987)  The 

Paper “effect of curing regime on the properties of fly 

ash concrete” published in the American concrete 

Institute journal reported on the effect of compressive 

strength and flexural strength of normal and fly ash 

concrete, cured in water and in uncontrolled 

environment. It was found that the curing conditions 

influenced the compressive strength significantly. 

The 91 days air cured concrete strength was less than 

the 7 days for cured concrete strength. Poor curing is 

concluded to be more detrimental to the compressive 

strength development of fly ash concrete as compared 

to normal concrete. 

Nicholas j.Carolina and,R clinofton (1991) 

in their paper “HPC Research needs to Enhance its 

Use” in concrete International , list out the 

exploitable attributes of HPC, which can be grouped 

into three general categories, Properties and enhanced 

durability properties, They are Adhesion to Hardened 

concrete, Abrasion Resistance, Corrosion Protection, 

Chemical Resistance, Durability Energy Absorption, 

early Strength, high Elastic module, high 

compressive Strength , high modulus of rupture, high 

tensile strength and high Strength/Density ratio, high 

workability and Cohesiveness, low permeability, 

resistance to wash out, Volume Stability. 

HPC is likely to have slightly higher initial 

cost per unit volume than conventional concrete. 

However its use is likely to be justified by savings 

resulting from the following factors. 

The enhanced workability of HPC or the 

high early age strength can reduce construction cost. 

The enhanced Mechanical properties can reduce the 

sizes of structural elements. The enhanced durability 

will increase the service life. 

Michel pigeon, Franceise Garnier, Richard 

plea and pierre-Claude AitCin(1993) In their paper 

titled “Influence of drying on the chloride ion 

permeability of HPC” in concrete international 

observed that. 

It is possible with the use of silica fume and 

water/cement ratio of 0.25 or less, to make High 

performance concrete that are extremely resistance to 

the internal damage that can result from drying, even 

at 110° c it is thus most probable that, under natural 

exposure conditions, the resistance to the penetration 

of chloride ions of these concrete’s will not decreases 

significantly with time. 

Z-Sweiz Etal (june1996) in their paper “the 

durability studies of concrete” as reported in 

magazine of concrete Research show a beneficial 

influence of addition of powered limestone on 

durability at lower water/cement ratios(W/C). 

James R Millan Etal (April 1997) in their 

paper entitled “durability by Admixture” in concrete 

international has observed concrete with admixture 

tends reduce corrosion of steel due to significant 

permeability reduction Aitcin[1] (1995) cited on 

development in the application of high performance 
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concrete. Over the last few years, the compressive 

strength of some of the concrete used has increased 

dramatically. In 1988, a 120 MPa concrete was 

delivered on site, while, until relatively recently, 40 

MPa was considered indicative of high strength. The 

spectacular increase in compressive strength is 

directly related to a number of recent technological 

developments, in particular the discovery of the 

extraordinary dispersing action of superplasticizers 

with which flowing concretes can be made with 

about the same mixing water that is actually required 

to hydrate all the cement particles or even less. The 

reduction in water/cement ratio results in a hydrated 

cement paste with a microstructure so dense and 

strong that coarse aggregate can become the 

concrete’s weakest constituent. Silica fume, a highly 

reactive pozzolana, considerably enhances the 

paste/aggregate interface and minimizes the 

debonding. Lastly, the use of supplementary 

cementitious materials, such as fly ash and especially 

slag, helps solve slump loss problems which become 

critical at low water/cement ratios. 

Oner A and Akyuz S [7] (2007) studied on 

optimum level of ground granulated blast furnace 

slag (GGBS) on compressive strength of concrete. In 

their study GGBS was added according to the partial 

replacement method in all mixtures. A total of 32 

mixtures were prepared in four groups according to 

their binder content. Eight mixes were prepared as 

control mixtures with 175, 210, 245 and 280 kg/m3 

cement content in order to calculate the Bolomey and 

Feret coefficients (KB, KF). For each group 175, 

210, 245 and 280 kg/m3 dosages were determined as 

initial dosages, which were obtained by removing 30 

percent of the cement content of control concretes 

with 250, 300, 350, and 400 kg/m3 dosages. Test 

concretes were obtained by adding ground granulated 

blast furnace slag (GGBS) to concretes in an amount 

equivalent to approximately 0%, 15%, 30%, 50%, 

70%, 90% and 110% of cement contents of control 

concretes with 250, 300, 350 and 400 kg/m3 dosages. 

All specimens were moist cured for 7, 14, 28, 63, 

119, 180 and 365 days before compressive strength 

testing. The test results proved that the compressive 

strength of concrete mixtures containing ground 

granulated blast furnace slag (GGBS) increases as the 

amount of ground granulated blast furnace slag 

(GGBS) increase. After an optimum point, at around 

55% of the total binder content, the addition of 

ground granulated blast furnace slag (GGBS) does 

not improve the compressive strength. This can be 

explained by the presence of un reacted ground 

granulated blast furnace slag (GGBS), acting as a 

filler material in the paste. 

It was found that as the ground granulated 

blast furnace slag (GGBS) content increases the 

water-to-binder ratio decreases for the same 

workability. The early strength of ground granulated 

blast furnace slag (GGBS) concrete was lower than 

that of the control concrete. However, as the curing 

period is extended the strength increase was higher 

for ground granulated blast furnace slag (GGBS) 

concrete. The compressive strength of ground 

granulated blast furnace slag (GGBS) concrete 

increases as the GGBS content is increased up to an 

optimum point, after which the compressive strength 

decreases. The optimum level of GGBS content for 

maximizing strength is at about 55–59% of the total 

binder content. 

Qian Jueshi and Shi Caijun [8] (2000) 

studied on high performance cementing materials 

from industrial slag. They found most industrial slags 

are being used without taking full advantage of their 

properties or disposed rather than used. The industrial 

slags, which have cementitious or pozzolanic 

properties, should be used as partial or full 

replacement for Portland cement rather than as bulk 

aggregates or ballasts because of the high cost of 

Portland cement, which is attributable to the high 

energy consumption for the production of Portland 

cement. The traditional way to utilize metallurgical 

slag in cementing materials is to partially replace 

Portland cement, which usually results in a lower 

early strength and longer setting times. Presence of 

activator(s) can accelerate the break-up of structure 

and hydration of slag. Many research results have 

indicated that clinker less alkali-activated slag even 

exhibit higher strengths, denser structure and better 

durability compared with Portland cement. In this 

paper, the recent achievements in the development of 

high performance cementing materials based on 

activated slags such as blast furnace slag, steel slag, 

copper slag and phosphorus slag are reviewed. 

Here they reviewed the recent progresses in 

the activation of latent cementitious properties of 
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different slag. Alkali-activated slag, such as blast 

furnace slag, steel slag, copper slag and phosphorus 

slag exhibit not only higher early and later strength, 

but also better corrosion resistance than normal 

Portland cement. The production of Portland cement 

is an energy-intensive process, while the grinding of 

metallurgical slag needs only approximately 10% of 

the energy required for the production of Portland 

cement. Activation of latent pozzolanic or 

cementitious properties of metallurgical slag should 

be a prime topic for construction materials 

researchers Ganesh Babu K and Sree Rama Kumar 

V[9] (2000) studied on efficiency of GGBS in 

Concrete. According to them the utilisation of 

supplementary cementitious materials is well 

accepted because of the several improvements 

possible in the concrete composites and due to the 

overall economy. This method recognises that the 

``overall strength efficiency factor (k)'' of the 

pozzolan is a combination of the two factors-the 

``general efficiency factor (ke)'' and the ``percentage 

efficiency factor (kp). The evaluations have shown 

that at 28days, the ``overallstrength efficiency factor 

(k)'' varied from 1.29 to 0.70 for percentage 

replacement levels varying from 10% to 80%. It was 

also seen that the overall strength efficiency factor(k) 

was an algebraic sum of a constant ``general 

efficiency factor (ke),'' with a value of 0.9 at 28 days, 

and a percentage efficiency factor (kp), varying from 

+0.39 to -0.20, for the cement replacement levels 

varying from 10% to 80% studied. Papayianni, 

Tsohos, Mavria[11] (2005) studied on Influence of 

superplasticizer type and mix design parameters on 

the performance of them in concrete mixtures. 

According to them use of superplasticizers in 

concrete plays a central role in the development of 

high strength and performance concrete. 

Superplasticizers are admixtures, which are added to 

concrete mixture in very small dosages. Their 

addition results in significant increase of the 

workability of the mixture, in reduction of 

water/cement ratio or even of cement quantity.  Their 

performance depends on the type of the 

superplasticizer, the composition of the concrete 

mixture, the time of addition and the temperature 

conditions during mixing and concreting. They tested 

on three type of superplasticizer. for study the 

performance of the admixtures, three Dosage of 

admixture(1%, 1.5%, 2% per weight of cement) were 

checked for every type of superplasticizers in 

concrete casting. He casted concrete and compressive 

strength was observed. 

Dr. P. Srinivas rao, Dr. Shravana, Dr. Z. Abdul 

raheem and Dr. T. Sheshadri Shekar., In their paper 

entitled durability studies on Fibre Reinforced 

Metakaolin Bledended Concrte in AKGEC 

international Journal of Technology, experimental 

investigations carried out to study the resistance of 

steel fibre reinforced metakaolin concrete of M20 

grade to acid attack using 5% concentration of acids 

like H2SO4 and HCL. The water cement ratio W/C 

has taken as 0.55and the various percentages of 

cement replaced with metakaolin from 5% to 30% 

and cubes for casted placed for curing for 28 days in 

normal water. After 28 days obtain compressive 

strength of cubes. And for the same conditions the 

cubes were cured for 28days in water of 5% 

concentrate H2SO4 and HCL. It is observed that the 

loss of compressive strengths of cubes which cured 

under concentrated water 5% of H2SO4 and HCL. 

K.Suvarna Latha, M.B. Sheshagiri rao, 

Srinivas Reddy.V, (Dec, 2012)., In their paper 

entitled “Estimation of Ground granulated blast 

furnace slag (GGBS), and high volume fly ash 

(HVFA) strength efficiencies in concrete with age”. 

Published in International journal of Engineering and 

Advanced Technology (IJEAT). Investigation made 

for the replacement of cement in high volumes of 

Ground granulated blast furnace slag (GGBS) and 

high volume of Flay ash (FA). Compressive strengths 

of specimens with various percentages replacement 

of cement with GGBS and HVFA is determined by 

casting concrete cubes of size 150x150x150 and 

tested for them after 28, 90 and 180 days of curing. 

The compressive strengths of Ordinary(M20), 

Standard(M40) and high (M60) grades of concrete 

were carried out. And it is observed that the optimum 

dosage of percentage of replacement of Cement with 

GGBS was found to be 40%, 40%  and 50% in 

Ordinary(M20), Standard(M40) and high (M60) 

grades of concrete. Similarlty the Optimum dosage 

percentage of replacement of cement with HVFA was 

found to be 40%,50% and 50% in Ordinary(M20), 

Standard(M40) and high (M60) grades of concrete. It 

is concluded that the partial replacement of with 
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GGBS and HVFA in concrete mixes has shown 

enhanced performance in terms of strengths and 

durability in all grades. This is due to reactive silica 

in GGBS and HVFA which offers good 

compatibility. And also observed that there is an 

increase in the compressive strengths for different 

concrete mixes made with GGBS and HVFA 

replacement mixes. The increase is due to high 

reactivity of GGBS and HVFA. And also it is 

observed that the compressive strengths are more 

effective after 90 and 180 days. 

Arfat Khan Md, Abdul Waheb and B.Dean 

Kumar (May2013) In their paper entitled “Fibrous 

Triple Blended Concrete Composites – study of 

Strength Properties”. In the experimental 

investigation of triple blended cement concrete 

mixes, cement is replaced by condensed silica fume 

and metakaoline with different percentages 0% to 

15%. Steel fibers from 0% to 1.5% are also varied 

along with above. Cubes, cylinders, prisms were 

casted with M60 and M80 grade concrete. For the 

test results it is observed that with addition of silica 

fume and metakaolin the strength of concrete at the 

age of 28 days has increased with various proportions 

of the mix. The increase in compressive strength in is 

in the range of 2.01% to 20.94% for M60 grade of 

concrete and 2% to 10.36% for M80 grade of 

concrete. On analyzing the tested specimens it is 

observed that the bonding between the concrete 

materials is of very high quality. It is concluded that 

the combination of blended admixtures of 10% CSF 

and 5% MK by partial replacement of cement has 

showed high increase in strength by 20.94% for M60 

grade of concrete and 10.36% for M 80 grade of 

concrete. 

3. MATERIAL AND METHODOLOGY 

3.1 Ordinary Portland Cement 

Cement used in the experimental work is Ordinary 

Portland Cement (OPC) of 53grade (ZUARI brand) 

conforming to IS: 12269-1987. 

3.2 Coarse aggregate 

The coarse aggregate is obtained from a 

local quarry. The coarse aggregate with size less than 

20mm and greater than 12.5 mm having a specific 

gravity 2.76 and fineness modulus of 7.36 is used in 

the present study. The rodded and loose bulk density 

values obtained are 1605 kg/m3 and 1477 kg/m3 

respectively and the water absorption is 0.41%. 

3.3 Fly-Ash 

Fly ash, also known as flue-ash, is one of the residues 

generated in combustion, and comprises the fine 

particles that rise with the flue gases. Ash which does 

not rise is termed bottom ash. In an industrial context, 

fly ash usually refers to ash produced during 

combustion of coal. Fly ash is generally captured by 

electrostatic precipitators or other particle filtration 

equipment before the flue gases reach the chimneys 

of coal-fired power plants and together with bottom 

ash removed from the bottom of the furnace is in this 

case jointly known as coal ash. Depending upon the 

source and makeup of the coal being burned, the 

components of fly ash vary considerably, but all fly 

ash includes substantial amounts of silicon dioxide 

(SiO2) (both amorphous and crystalline) and calcium 

oxide (CaO), both being endemic ingredients in many 

coal-bearing rock strata. 

In the past, fly ash was generally released 

into the atmosphere, but pollution control equipment 

mandated in recent decades now requires that it be 

captured prior to release. In the US, fly ash is 

generally stored at coal power plants or placed in 

landfills. About 43% is recycled, often used as a 

pozzolan to produce hydraulic cement or hydraulic 

plaster or a partial replacement for Portland cement 

in concrete production. 

 
Fig-1: Fly-Ash 

3.4 Ground Granulated Blast Furnace Slag: 

Ground Granulated Blast furnace slag (GGBS) is a 

by-product for manufacture of pig iron and obtained 

through rapid cooling by water or quenching molten 

slag. Here the molten slag is produced which is 

instantaneously tapped and quenched by water. This 
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rapid quenching of molten slag facilitates formation 

of “Granulated slag”. Ground Granulated Blast 

furnace Slag (GGBS) is processed from Granulated 

slag. If slag is properly processed then it develops 

hydraulic property and it can be effectively used as a 

pozzolanic material. However, if slag is slowly air 

cooled then it is hydraulically inert and such 

crystallized slag cannot be used as pozzolanic 

material. Though the use of Ground Granulated Blast 

furnace slag (GGBS) in the form of Portland slag 

cement is not a common in India, experience of using 

Ground Granulated Blast furnace slag (GGBS) as 

partial replacement of cement in concrete in India is 

very less quantity. Ground Granulated Blast furnace 

slag (GGBS) essentially consists of silicates and 

alumina silicates of calcium and other bases that is 

developed in a molten condition simultaneously with 

iron in a blast furnace. The chemical compositions of 

oxides in ground granulated blast furnace slag 

(GGBS) are similar to that of Portland cement but the 

proportions may vary. 

The four major factors, which influence the hydraulic 

activity of slag, are as follows. 

• Glass content 

• Chemical composition 

• Mineralogical composition 

• Fineness.  

The glass content of Ground Granulated Blast 

furnace slag (GGBS) affects the hydraulic property, 

chemical composition determines the alkalinity of the 

slag and the structure of glass. The compressive 

strength of concrete varies with the fineness of 

Ground Granulated Blast furnace slag. 

Ground granulated blast furnace slag now a days 

mostly used in India. Recently for marine out fall 

work at Bandra, Mumbai. It has used to replace 

cement up to  70%. So it has become more popular 

now a days in India also. 

3.5 METHODOLOGY 

The experimental program was designed for 

the mechanical properties i.e. compressive strength, 

and flexural strength of concrete with M60 and M80 

grade of normal concrete. 

The program consists of casting and testing 

of total 420 cubes, 320 prisms specimens. The 

specimen of standard cube (150mm x 150mm x 

150mm) and standard prism of (150mm x 150mm x 

700mm) were cast with and without fly ash and 

GGBS. Compressive testing machine (CTM) was 

used to test all the specimens. In first series the 

specimen were cast with M60 grade concrete with 

different replacement levels of cement by fly ash as 

10% constatnt and GGBS of minimum 10% to 

maximum of 50%.  And the second series specimens 

were casted for the same M60 grade of concrete with 

20% replacement of flay ash as constatnt and  GGBS 

of 10% to 50%. Similarly 30% of fly ash is 

maintained constantly with the different percentages 

of GGBS i.e., 10% to 50%. And the same sequence 

of procedure is made continued for the M80 grade of 

concrete also. 

In the effect of admixture on the setting time of 

cement was exhausted from the laboratory tests. It 

retarded the setting time. The setting time of cement 

is 42 minutes for ordinary Portland cement and the 

setting time with combination of GGBS and fly ash 

were changed. 

Table.1: Details of Concrete Mix Proportions for M60 

 

Table.2: Details of Concrete Mix Proportions for M60 
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4. RESULTS AND DISCUSSION 

4.1 Compressive Strength: 

The compressive strength test was carried 

out conforming to IS 516-1959 to obtain compressive 

strength for M60 and M80 grade of concretes. The 

compressive strength of concrete with Ordinary 

Portland cement along with fly ash and Ground 

granulated blast furnace slag concrete at the age of 

7days, 28 days, 56days, 90days and 180days are 

conducted. There is significant Improvement in the 

strength of concrete because of the high pozzolanic 

nature and high reactivity of Fly ash and GGBS and 

its void filling ability. 

It is observed that from the compressive 

strength of two mixes M60 and M80 at 28 days age, 

with replacement of cement by fly ash and GGBS was 

increased normally up to an optimum replacement 

level of 40%, 40% and 50%, for different trials and the 

compressive strengths are highly increased at 90 days 

and180 days. After 50% of replacement the strengths 

are decreased gradually. And after 60% and 70% 

replacement of cement the strength are decreased 

rapidly. These comparisons are presented in the form 

of tables and figures. 

The maximum 28 days cube compressive 

strength of M60 grade with replacement in 

combination of 10% of fly ash and 30% of ground 

granulated blast furnace slag was 70.73 Mpa and for 

the M80 grade is 86.6 Mpa.  And the maximum 28 

days cube compressive strength of M60 grade with 

replacement of 20% of fly ash and 20% of GGBS was 

75.25 Mpa and of M80 grade is 82.16 Mpa. And also 

the maximum 28 days cube compressive strength of 

M60 grade with replacement of 30% of fly ash and 

20% of GGBS was 78.42 Mpa and of M80 grade is 

82.34 Mpa. 

The maximum 90 days and 180 days 

specimen cube compressive strength of M60 grade 

with replacement in combination of 10% of fly ash 

and 30% of GGBS was 83.13 Mpa and 88.68 Mpa 

respectively. And for M80 grade is 71.32 Mpa and 

83.62 Mpa respectively. And the maximum 90 days 

and 180 days cube compressive strength of M60 grade 

with replacement of 20% of fly ash and 20% of GGBS 

was 86.29 Mpa and 88.89 Mpa respectively. And for 

M80 grade is 85.18 Mpa and 88.08 Mpa respectively. 

The maximum 90 days and 180 days cube 

compressive strength of M60 grade with replacement 

of 30% of fly ash and 20% of GGBS was 81.44 Mpa 

and 83.76 Mpa respectively. And for M80 grade is 

72.76 Mpa and 83.68 Mpa respectively. 

The maximum compressive strength of 

concrete in combination with fly ash and ground 

granulated blast furnace slag depend on two 

parameters namely the replacement levels and water 

cement ratio.  And the compressive strength are 

varying with days also. 

Table 3. Compressive strength of concrete for 

different percentages of GGBS and constant 10% of 

Fly ash for M60 

 

Table 4. Compressive strength of concrete for 

different percentages of GGBS and constant 20% of 

Fly ash for M60 
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Table 5. Compressive strength of concrete for 

different percentages of GGBS and constant 30% of 

Fly ash for M60 

 

 

 

 

Table.6. Compressive strength of concrete for 

different percentages of GGBS and constant 10% of 

Fly ash for M 80 

 

Table.7. Compressive strength of concrete for 

different percentages of GGBS and constant 20% of 

Fly ash for M 80 

 

Table.8. Compressive strength of concrete for 

different percentages of GGBS and constant 30% of 

Fly ash for M 80 

 

4.2 Flexural Strength: 

The Flexural strength tests were carried out 

conforming to IS516-1959 to obtain the flexural 

strength of M60 and M80 grade of concretes. These 

prisms specimens were cast for each replacement 

levels of cement in combination of fly ash and 

ground granulated blast furnace slag with 10% to 

30% of fly ash and 10% to 50% ground granulated 

blast furnace slag and the test was conducted under 

two point loading. The experimental results of 

flexural strength with ordinary Portland cement along 

with the replacements of cements for both the mixes 

M60 and M80 were tabled. 

 

The flexural strength at the age of 28 days in 

combination fly ash and ground granulated blast 

furnace slag of concrete normally increased with 

respect to control concrete and reached the maximum 

value of 40% to 50% replacement levels with the 

combination of fly ash and ground granulated blast 

furnace slag for both M60 and M80 grade of concrete 

respectively. 

The maximum 28 days flexural strength of 

M60 and M80 grade of concretes with replacement of 

cement by 10% of fly ash and 30% of GGBS was 

6.24 MPa and 4.24 Mpa respectively. The maximum 

28 days flexural strength of M60 and M80 grades of 

concrete with replacement of cement by 20% of fly 

ash and 20% of ground granulated blast furnace slag 

was 5.53MPa and 3.89 Mpa respectively. The 

maximum 28 days flexural strength of M60 and M80 

grades of concrete with replacement of cement by 

30% of fly ash and 20% of ground granulated blast 

furnace slag was 5.24 MPa and 4.02 Mpa 

respectively. 
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The maximum 90 days flexural strength of 

M60 and M80 grades of concrete with replacement of 

cement by 10% of fly ash and 30% of ground 

granulated blast furnace slag was 7.56 MPa and 5.39 

MPa respectively. The maximum 90 days flexural 

strength of M60 and M80 grades of concrete with 

replacement of cement by 20% of fly ash and 20% of 

GGBS was 7.09 MPa and 4.92 Mpa respectively. The 

maximum 90 days flexural strength of M60 and M80 

grades of concrete with replacement of cement by 

30% of fly ash and 20% of GGBS was 6.73 MPa and 

4.98 Mpa respectively. 

It can be concluded that the ultra-fine fly ash 

particles, and ground granulated blast furnace slag 

with consist mainly of amorphous fly ash enhance the 

concrete strength by both pozzolanic and physical 

actions. The results of the present investigation 

indicate that the percentage of fly ash and ground 

granulated blast furnace slag contributing to the 

mechanical properties is comparable or even 

significant than that of control concrete. 

 

 

Table 9: Flexural strength of concrete for different 

percentages of GGBS and constant 10% of Fly ash 

for M60 

 

Table 10: Flexural strength of concrete for different 

percentages of GGBS and constant 20% of Fly ash 

for M60 

 

Table 11: Flexural strength of concrete for different 

percentages of GGBS and constant 30% of Fly ash 

for M60 

 
Table 12: Flexural strength of concrete for different 

percentages of GGBS and constant 10% of Fly ash 

for M80 

 
 

 

 

Table 13: Flexural strength of concrete for different 

percentages of GGBS and constant 20% of Fly ash 

for M80 

 

Table 14: Flexural strength of concrete for different 

percentages of GGBS and constant 30% of Fly ash 

for M80 

 

CONCLUSION 



NAGARAJ K, et al, International Journal of Research Sciences and Advanced 
Engineering [IJRSAE]TM 
Volume 2, Issue 18, PP: 170 - 181, APR - JUN’ 2017. 
 

 

 

 
 

International Journal of Research Sciences and Advanced Engineering 

                             Vol.2 (18), ISSN: 2319-6106, APR - JUN’ 2017.                       PP: 170 - 181  

Based on experimental investigations the following 

conclusions are drawn. 

Cement replacement by in combination of 

fly ash and adding Ground granulated blast furnace 

slag leads to increase in compressive strength and 

flexural strength up to 40% to 50% replacement for 

both M60 and M80 grades of concrete. Beyond 50% 

replacement of fly ash and ground granulated blast 

furnace slag compressive strength and flexural 

strength decreased. 

It is observed that at 28days compressive 

strength and flexural strength of M60 grade concrete 

are increased by 34.3%, 19.5% and 23.35% 

respectively for different combination of mix 

proportions and for M80 grade of concrete 25.6%, 

7.2% and 8.9% respectively over controlled concrete. 

It is observed that at 90days compressive 

strength and flexural strength of M60 grade concrete 

are increased by 72.7%, 62.9% and 53.6% 

respectively for different combination of mix 

proportions and for M80 grade of concrete 66.7%, 

50.6% and 52.5% respectively over controlled 

concrete. 

 

It is observed that at 180days compressive 

strength and flexural strength of M60 grade concrete 

are increased by 91.9%, 77.2% and 64.4% 

respectively for different combination of mix 

proportions and for M80 grade of concrete 79.7%, 

66.9% and 72.2% respectively over controlled 

concrete. 

From the above observations we have 

concluded that the compressive and flexural strengths 

are increasing normally for 28 days and increasing 

rapidly for 90 and 180days when compared with 

controlled concrete. 

There is a decrease in workability as the 

replacement level increases, and hence water 

consumption will be more for higher replacements. 

From the present study it is observed that, 

being the fly ash is maintained 10% constant the 

optimum value of ground granulated blast furnace 

slag is 30%. i.e., the total replacement of ternary 

Blended cement was 40%, for the both M60 and M80 

grades. 

And it is observed that, being the fly ash is 

maintained 20% constant the optimum value of 

ground granulated blast furnace slag is 20%. i.e., the 

total replacement of ternary Blended cement was 

40%, for the both M60 and M80 grades 

And also it is observed that, being the fly 

ash is maintained 30% constant the optimum value of 

ground granulated blast furnace slag is 20%. i.e., the 

total replacement of ternary Blended cement was 

50%, for the both M60 and M80 grades. 

The addition of GGBS has further increased 

initial 28 days, 90 days and 180 days strength as 

evident from the tables. 
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