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Abstract: Concrete holds unique position among all the modern construction material in which cement plays a major role as 

binding material. The production and consumption of cement is increasing day by day due to heavy demand of infrastructure 

development. Heavy production of cement is a matter of concern for environment as carbon footprints are increasing due to 

emission of CO2. Civil engineering researchers are continuously striving to explore the alternative material which may replace the 

cement without compromising the quality aspects. In recent past many waste pozzolanic materials such as fly ash, blast furnace 

slag from different industries, bagasse from sugar industries and waste paper sludge ash from paper industries were used in 

concrete which gives out satisfactory results, similarly other agricultural waste such as rice husk ash has also been used.

So concerning about the environment to decrease the carbon footprints fly ash was used as the replacement of cement which is 

byproduct from burning pulverized coal in electric power generating plants. Fly ash exhibits pozzolanic properties as it contains 

alumino-silicate components in which binding property was activated by using chemical additives (Sod

Sodium Silicate Solution). This research work defines the full replacement of cement content by varying proportion of fly ash and 

chemical additives as 15% of chemical additives replaced by 15% fly ash by weight, 20% of chemical additives replaced by 20 %

fly ash by weight and 25% of chemical additives replaced by 25% fly ash by weight in concrete to form geopolymer concrete.

Geopolymer concrete results from the reaction of a source material that is rich in silica and alumina with alkaline liquid.

Various tests performed for properties of fresh and harden concrete. Compressive strength of concrete cubes with proposed 

replacement was determined after 3, 7 and 28 days of curing. The results indicate that the compressive strength of geopolymer

concrete (75% fly ash + 25% chemical additives) 

workability of geopolymer concrete was very high as compared to conventional concrete.

KEYWORD: Concrete, Geopolymer Concrete, Fly ash, Cement, Chemical Additives, Compressive Strength, E

Carbon footprints 

I. INTRODUCTION 

Concrete is widely used structural material in the world mainly composed of fine aggregate (sand), coarse aggregate, cement a

water. In which cement plays a very important role as a binding material. 

the concrete production are both energy intensive and result in considerable CO

as being responsible for 6-10% of total CO

CO2. As considerable quantities of Portland cement are manufactured worldwide, even a small reduction in its production could 

result in significant environmental benefits in terms of CO

manufacturing industries has been used for long as partial replacement for Portland cement. A considerable amount of research

has now been published on fly-ash, rice husk ash, ground granulated blast

with Portland cement in binary and ternary combinations and highlights the improved mechanical and durability properties over

plain Portland cement. Presently improvement of cement and concrete materials is aimed at prod

durability while maintaining an acceptable cost of energy for production. Considering that Portland cement has a high embodie

energy and contributes significantly to the total worldwide CO

of cement-free binders and represents an area which could impact significantly on the drive for more sustainable construction 

materials and practices.  

It is recognized that alkali additions to fly-ash or slag can activate the

forming alkali-activated systems; however, the focus of this study is on the use of chemical pre

geopolymer which will set and harden and could be offered as a viable 

produced using source materials which show pozzolanic properties that are rich in silica and alumina. The cement

utilizes the formation of calcium-silica hydrates (C

involves the chemical reaction of alumino-silicate oxides with alkaline solutions with polysilicates yielding polymeric Si
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binding material. The production and consumption of cement is increasing day by day due to heavy demand of infrastructure 

avy production of cement is a matter of concern for environment as carbon footprints are increasing due to 

. Civil engineering researchers are continuously striving to explore the alternative material which may replace the 

promising the quality aspects. In recent past many waste pozzolanic materials such as fly ash, blast furnace 

slag from different industries, bagasse from sugar industries and waste paper sludge ash from paper industries were used in 

t satisfactory results, similarly other agricultural waste such as rice husk ash has also been used.

So concerning about the environment to decrease the carbon footprints fly ash was used as the replacement of cement which is 

in electric power generating plants. Fly ash exhibits pozzolanic properties as it contains 

silicate components in which binding property was activated by using chemical additives (Sod

research work defines the full replacement of cement content by varying proportion of fly ash and 

chemical additives as 15% of chemical additives replaced by 15% fly ash by weight, 20% of chemical additives replaced by 20 %

emical additives replaced by 25% fly ash by weight in concrete to form geopolymer concrete.

Geopolymer concrete results from the reaction of a source material that is rich in silica and alumina with alkaline liquid.

f fresh and harden concrete. Compressive strength of concrete cubes with proposed 

replacement was determined after 3, 7 and 28 days of curing. The results indicate that the compressive strength of geopolymer

concrete (75% fly ash + 25% chemical additives) was found to very high as compared to conventional concrete and the 

workability of geopolymer concrete was very high as compared to conventional concrete. 

Concrete, Geopolymer Concrete, Fly ash, Cement, Chemical Additives, Compressive Strength, E

Concrete is widely used structural material in the world mainly composed of fine aggregate (sand), coarse aggregate, cement a

water. In which cement plays a very important role as a binding material.  However, the manufacturing of Portland cement and 

the concrete production are both energy intensive and result in considerable CO2 emissions. Cement production alone is estimated 

2 production worldwide, with the production of 1 ton of cement producing 1 ton of 

. As considerable quantities of Portland cement are manufactured worldwide, even a small reduction in its production could 

result in significant environmental benefits in terms of CO2 emission. The use of inorganic residual products from certain 

manufacturing industries has been used for long as partial replacement for Portland cement. A considerable amount of research

ash, rice husk ash, ground granulated blast-furnace slag, waste paper sludge ash, micro

with Portland cement in binary and ternary combinations and highlights the improved mechanical and durability properties over

plain Portland cement. Presently improvement of cement and concrete materials is aimed at prod

durability while maintaining an acceptable cost of energy for production. Considering that Portland cement has a high embodie

energy and contributes significantly to the total worldwide CO2 production. There is considerable po

free binders and represents an area which could impact significantly on the drive for more sustainable construction 

ash or slag can activate these materials to set and harden in their own right thereby 

activated systems; however, the focus of this study is on the use of chemical pre

geopolymer which will set and harden and could be offered as a viable alternative to Portland cement. Geopolymer concrete is 

produced using source materials which show pozzolanic properties that are rich in silica and alumina. The cement

silica hydrates (C-S-Hs) for matrix formation and strength whereas geopolymer concrete 

silicate oxides with alkaline solutions with polysilicates yielding polymeric Si
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slag from different industries, bagasse from sugar industries and waste paper sludge ash from paper industries were used in 

t satisfactory results, similarly other agricultural waste such as rice husk ash has also been used. 

So concerning about the environment to decrease the carbon footprints fly ash was used as the replacement of cement which is 

in electric power generating plants. Fly ash exhibits pozzolanic properties as it contains 

silicate components in which binding property was activated by using chemical additives (Sodium Hydroxide Flacks and 

research work defines the full replacement of cement content by varying proportion of fly ash and 
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f fresh and harden concrete. Compressive strength of concrete cubes with proposed 

replacement was determined after 3, 7 and 28 days of curing. The results indicate that the compressive strength of geopolymer 

was found to very high as compared to conventional concrete and the 
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ver, the manufacturing of Portland cement and 

emissions. Cement production alone is estimated 
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anic residual products from certain 

manufacturing industries has been used for long as partial replacement for Portland cement. A considerable amount of research 

paper sludge ash, micro-silica etc. 

with Portland cement in binary and ternary combinations and highlights the improved mechanical and durability properties over 

plain Portland cement. Presently improvement of cement and concrete materials is aimed at producing high strength and good 

durability while maintaining an acceptable cost of energy for production. Considering that Portland cement has a high embodied 

production. There is considerable possibility for the advancement 

free binders and represents an area which could impact significantly on the drive for more sustainable construction 

se materials to set and harden in their own right thereby 

activated systems; however, the focus of this study is on the use of chemical pre-treatment of fly-ash to form a 

alternative to Portland cement. Geopolymer concrete is 

produced using source materials which show pozzolanic properties that are rich in silica and alumina. The cement-based concrete 

mation and strength whereas geopolymer concrete 

silicate oxides with alkaline solutions with polysilicates yielding polymeric Si–O–Al 
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bonds. Alkaline liquids could be used to react with the silica (Si) and alumina 

by-product materials such as fly ash and rice husk ash to produce binding property in them (Davidovits, 1988; 1994). In this 

research work, low calcium fly ash (ASTM Class

silicate to form geopolymer paste as the binder, which produces geopolymer concrete. The production of geopolymer concrete is

done using the usual concrete technology methods. The aggregate’s role and influence a

Portland cement concrete. The combined aggregates mass (fine and coarse aggregates) should be somewhere in the range of 70% 

and 80% of the mass of the geopolymer concrete. The silica and alumina in the Class

sodium hydroxide and sodium silicate solutions to form the geopolymer paste which binds the aggregates and unreacted 

materials. 

Si - Al Material + Chemical Additives (NaOH + Na

The above equation shows the polymerization process in which Al

Na2SiO3) and produces geopolymer binder. As the raw materials are inorganic in nature, the new product in known as geopolymer 

and the reaction is known as geopolymerization

alkaline condition on Si-Al minerals, which results in a three dimensional polymeric chain and ring structure consisting of Si

Al bonds (Davidovits, 1994). 

II. MATERIAL USED 

2.1 Ordinary Portland Cement (OPC): For the preparation of concrete mix all the required materials are essential but cement 

is the most important material because it is usually the basic link in the mass. The function of cement is to bind 

aggregates (fine and coarse) together and to fill up the voids in between fine and coarse aggregate particles to form a hard 

compact mass. Cement constitutes only about 20 % of the total mass of concrete mix; it act as binding medium. Any 

alteration in its quantity, affects the compressive strength of the concrete mix. Portland cement referred as Ordinary Portland 

Cement (OPC) is the most preferred cement manufactured by grinding Portland cement clinker. The OPC has been divided 

into three grades, specifically 33 Grade, 43 Grade, and 53 Grade relying upon 28 days compressive strength. It is possible to 

upgrade the properties of cement by utilizing prime quality limestone, modern tools and machinery, maintaining effective 

particle size distribution, finer grinding and effective packing. Using high grade cement offers stronger concrete. Although 

they are uneconomical than low grade cement, they facilitate 10

important characteristic of OPC cement is to gai

2.2 Fly Ash: Fly ash is one of the residual materials produced in the combustion of the coal. Generally fly ash is obtained from 

the chimneys of power generation industries, whereas bottom ash is removed from the bottom base of 

years, fly ash was normally released into the atmosphere passing through the smoke stack, but in recent years the pollution 

control equipments are mandated and now require that this should captured prior to release. Fly ash is gene

industrial site at most electric power generation amenities. The components of the fly ash produced vary considerably, 

depending upon the source and structure of the coal being burned, but all fly ash includes significant amount of silica (

dioxide, SiO2) (both crystalline and amorphous) and lime (calcium oxide, CaO). Fly ash is usually used to add

cement in concrete production, where it can make both technical and economical benefits. Now a day’s fly ash plays a very 

important role in the forming of geopolymers.

*As per ASTM C618, Fly ash can be classified as Class

Table 2.1

Type of Fly Ash 

Class-F 

Class-C 

2.3 Alkaline Liquid (Sodium Hydroxide Flacks + Water & Sodium Silicate): 

geopolymerization is a combination of sodium hydroxide (NaOH) or potassium hydroxide (KOH) and sodium silicat

potassium silicate. Alkaline liquid plays an important role in polymerization process. Reactions occur at high rate when the 

alkaline liquid contains soluble silicate either sodium or potassium silicate compared to the use of only alkaline hydroxides

The addition of sodium silicate to the sodium hydroxide solution as the alkaline liquid enhanced the reaction between the 

source material and the solution. Furthermore after a study of geopolymerization of sixteen natural Al

that generally the NaOH solution caused a higher extent of dissolution of minerals than the KOH solution. 

work sodium hydroxide flacks and sodium silicate are used as chemical additives. Here, the concentration of sodium 

hydroxide is determined in terms of normality (N) as 5N, 10N and 14N.

Volume 5, Issue 9                                www.jetir.org 

 

ing Technologies and Innovative Research (JET

 

bonds. Alkaline liquids could be used to react with the silica (Si) and alumina (Al) in source material from geological origin or in 

product materials such as fly ash and rice husk ash to produce binding property in them (Davidovits, 1988; 1994). In this 

research work, low calcium fly ash (ASTM Class-F) is used as source material in addition with sodium hydroxide and sodium 

silicate to form geopolymer paste as the binder, which produces geopolymer concrete. The production of geopolymer concrete is

done using the usual concrete technology methods. The aggregate’s role and influence are considered to be same as in the 

Portland cement concrete. The combined aggregates mass (fine and coarse aggregates) should be somewhere in the range of 70% 

and 80% of the mass of the geopolymer concrete. The silica and alumina in the Class-F fly ash are

sodium hydroxide and sodium silicate solutions to form the geopolymer paste which binds the aggregates and unreacted 

Al Material + Chemical Additives (NaOH + Na2SiO3) + Water

↓ 

Geopolymer Binder + Water 

ove equation shows the polymerization process in which Al-Si elements reacts with alkaline solutions (NaOH and 

) and produces geopolymer binder. As the raw materials are inorganic in nature, the new product in known as geopolymer 

known as geopolymerization. . The process of polymerization involves a well quick chemical change under 

Al minerals, which results in a three dimensional polymeric chain and ring structure consisting of Si

For the preparation of concrete mix all the required materials are essential but cement 

is the most important material because it is usually the basic link in the mass. The function of cement is to bind 

aggregates (fine and coarse) together and to fill up the voids in between fine and coarse aggregate particles to form a hard 

compact mass. Cement constitutes only about 20 % of the total mass of concrete mix; it act as binding medium. Any 

in its quantity, affects the compressive strength of the concrete mix. Portland cement referred as Ordinary Portland 

Cement (OPC) is the most preferred cement manufactured by grinding Portland cement clinker. The OPC has been divided 

cifically 33 Grade, 43 Grade, and 53 Grade relying upon 28 days compressive strength. It is possible to 

upgrade the properties of cement by utilizing prime quality limestone, modern tools and machinery, maintaining effective 

er grinding and effective packing. Using high grade cement offers stronger concrete. Although 

they are uneconomical than low grade cement, they facilitate 10-20% saving in cement consumption. One of the most 

important characteristic of OPC cement is to gain strength at very faster rate. 

: Fly ash is one of the residual materials produced in the combustion of the coal. Generally fly ash is obtained from 

the chimneys of power generation industries, whereas bottom ash is removed from the bottom base of 

years, fly ash was normally released into the atmosphere passing through the smoke stack, but in recent years the pollution 

control equipments are mandated and now require that this should captured prior to release. Fly ash is gene

industrial site at most electric power generation amenities. The components of the fly ash produced vary considerably, 

depending upon the source and structure of the coal being burned, but all fly ash includes significant amount of silica (

dioxide, SiO2) (both crystalline and amorphous) and lime (calcium oxide, CaO). Fly ash is usually used to add

cement in concrete production, where it can make both technical and economical benefits. Now a day’s fly ash plays a very 

rtant role in the forming of geopolymers. 

As per ASTM C618, Fly ash can be classified as Class-F and Class-C are as follows: 

Table 2.1: Classification of Fly Ash as per ASTM C618 

SiO2 + Al2O3 + Fe2O3 Content 

Calcium Oxide Content

> 70% < 10%

50% - 70% > 10%

Alkaline Liquid (Sodium Hydroxide Flacks + Water & Sodium Silicate): The most common alkaline liquid used in 

geopolymerization is a combination of sodium hydroxide (NaOH) or potassium hydroxide (KOH) and sodium silicat

potassium silicate. Alkaline liquid plays an important role in polymerization process. Reactions occur at high rate when the 

alkaline liquid contains soluble silicate either sodium or potassium silicate compared to the use of only alkaline hydroxides

The addition of sodium silicate to the sodium hydroxide solution as the alkaline liquid enhanced the reaction between the 

source material and the solution. Furthermore after a study of geopolymerization of sixteen natural Al

nerally the NaOH solution caused a higher extent of dissolution of minerals than the KOH solution. 

work sodium hydroxide flacks and sodium silicate are used as chemical additives. Here, the concentration of sodium 

n terms of normality (N) as 5N, 10N and 14N. 
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(Al) in source material from geological origin or in 

product materials such as fly ash and rice husk ash to produce binding property in them (Davidovits, 1988; 1994). In this 

n addition with sodium hydroxide and sodium 

silicate to form geopolymer paste as the binder, which produces geopolymer concrete. The production of geopolymer concrete is 

re considered to be same as in the 

Portland cement concrete. The combined aggregates mass (fine and coarse aggregates) should be somewhere in the range of 70% 

F fly ash are activated by a combination of 

sodium hydroxide and sodium silicate solutions to form the geopolymer paste which binds the aggregates and unreacted 

) + Water 

Si elements reacts with alkaline solutions (NaOH and 

) and produces geopolymer binder. As the raw materials are inorganic in nature, the new product in known as geopolymer 

. The process of polymerization involves a well quick chemical change under 

Al minerals, which results in a three dimensional polymeric chain and ring structure consisting of Si–O–

For the preparation of concrete mix all the required materials are essential but cement 

is the most important material because it is usually the basic link in the mass. The function of cement is to bind the 

aggregates (fine and coarse) together and to fill up the voids in between fine and coarse aggregate particles to form a hard & 

compact mass. Cement constitutes only about 20 % of the total mass of concrete mix; it act as binding medium. Any 

in its quantity, affects the compressive strength of the concrete mix. Portland cement referred as Ordinary Portland 

Cement (OPC) is the most preferred cement manufactured by grinding Portland cement clinker. The OPC has been divided 

cifically 33 Grade, 43 Grade, and 53 Grade relying upon 28 days compressive strength. It is possible to 

upgrade the properties of cement by utilizing prime quality limestone, modern tools and machinery, maintaining effective 

er grinding and effective packing. Using high grade cement offers stronger concrete. Although 

20% saving in cement consumption. One of the most 

: Fly ash is one of the residual materials produced in the combustion of the coal. Generally fly ash is obtained from 

the chimneys of power generation industries, whereas bottom ash is removed from the bottom base of the furnace. In the past 

years, fly ash was normally released into the atmosphere passing through the smoke stack, but in recent years the pollution 

control equipments are mandated and now require that this should captured prior to release. Fly ash is generally stored on 

industrial site at most electric power generation amenities. The components of the fly ash produced vary considerably, 

depending upon the source and structure of the coal being burned, but all fly ash includes significant amount of silica (silicon 

dioxide, SiO2) (both crystalline and amorphous) and lime (calcium oxide, CaO). Fly ash is usually used to add-on Portland 

cement in concrete production, where it can make both technical and economical benefits. Now a day’s fly ash plays a very 

Calcium Oxide Content 

< 10% 

> 10% 

The most common alkaline liquid used in 

geopolymerization is a combination of sodium hydroxide (NaOH) or potassium hydroxide (KOH) and sodium silicate or 

potassium silicate. Alkaline liquid plays an important role in polymerization process. Reactions occur at high rate when the 

alkaline liquid contains soluble silicate either sodium or potassium silicate compared to the use of only alkaline hydroxides. 

The addition of sodium silicate to the sodium hydroxide solution as the alkaline liquid enhanced the reaction between the 

source material and the solution. Furthermore after a study of geopolymerization of sixteen natural Al-Si minerals they found 

nerally the NaOH solution caused a higher extent of dissolution of minerals than the KOH solution. In this research 

work sodium hydroxide flacks and sodium silicate are used as chemical additives. Here, the concentration of sodium 
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2.4 Fine and Coarse Aggregates: Sand, gravel, silt and clay are all products of natural and artificial disintegration of rock sand 

minerals. Sand is obtained from river, lake, glacial, residual, marine and wind

aggregate is less than 4.75 mm confirming to IS 383:1970. Good quality dry river sand is used in this study. According to IS 

383:1970 the fine aggregate are classified into four different grading zones which are Zone

In this research work fine aggregates are confirming Zone

Crushed rocks are widely used as coarse aggregate. The shape of particles of crushed rock depends largely on the type of 

rock and method of crushing. If the aggr

decomposition then it is considered to be physically sound. For this research work the locally available good quality coarse 

aggregate is used. The size of the coarse ag

sieve but retained in 10 mm IS sieve. 

2.5 Water: Potable water free from salts, oils, sugar & any other foreign materials is used for casting and curing of cement 

concrete. Water plays a vital role in development of strength of concrete, so the quantity and quality of water should be taken 

care off. Water having pH of 6.0 to 8.0 and not tasting saline and brackish is suitable for use in mixing of concrete. Genera

portable water i.e. water not containing any salinity or alkalinity should be used for mixing in concrete.

conventional concrete the quantity of water is as per w/c ratio whereas quantity of water obtained for geopolymer concrete is

as per the normality of NaOH solution (5N, 10N and 14N).

III. METHODOLOGY 

3.1 Securing conventional ingredients of concrete such as cement, fine aggregate, coarse aggregate and water

3.2 Collection of typically required materials such as fly ash, alkaline liquids

3.3 Preparation of samples for testing: All materials were brought to room temperature, before starting the test. Firstly a 

control mix trial is prepared, and then in further trials the cement is fully replaced by fly ash and at different percentage

of chemicals. The chemicals (Sodium Hyd

fly ash. Following are the mix designs for the cement concrete and geopolymer concrete

Table 3.1: M20 Mix Design of OPC 53 Grade Cement Concrete:

Material Required for M20 Grade Concrete Per Cubic Meter

Materials 

Cement 

Fine Aggregate 

Coarse Aggregate 

Water 

Table

Trial Mix for Geopolymer Concre

Materials Trial 

GC 1 

Fly Ash 459 kg 

Fine Aggregate 700 kg 

Coarse Aggregate 1177 kg 

Sodium Hydroxide  27 kg 

Sodium Silicate 54 kg 

Water 135 kg 

The prepared concrete were filled in cube moulds of 150 × 150 × 150 mm dimension in three

rod (16 mm dia.) with 35 numbers of blows. The top surface of the mould is finished properly by trowel to obtain a uniform 

smooth surface and leave them undisturbed for 24 hrs for setting. 

cubes should be done carefully so that edges of cube specimen should not be damaged

respective. For conventional concrete, curing was done in curing tank 

process takes place in conventional concrete. On other hand the curing of geopolymer concrete was done in oven at 60

48 hrs. After the oven curing the cube specimen are leave in open atmosphere for natural curing pro

methods by which curing can be done such as dry curing (oven curing), steam curing or heated bed curing, use of heaters 

(blowers), and in ambient conditions under natural sunlight. There is no hydration process takes place in geopol

Total 36 cube specimens were prepared, 9 of conventional concrete and remaining 27 of geopolymer concrete (in different 

variation of chemical additives). 
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Sand, gravel, silt and clay are all products of natural and artificial disintegration of rock sand 

minerals. Sand is obtained from river, lake, glacial, residual, marine and wind-blown deposits. The particle size of fine 

aggregate is less than 4.75 mm confirming to IS 383:1970. Good quality dry river sand is used in this study. According to IS 

383:1970 the fine aggregate are classified into four different grading zones which are Zone-I, Zone

In this research work fine aggregates are confirming Zone-II. 

Crushed rocks are widely used as coarse aggregate. The shape of particles of crushed rock depends largely on the type of 

rock and method of crushing. If the aggregate is enough strong and is capable of resisting the influence of weathering without 

decomposition then it is considered to be physically sound. For this research work the locally available good quality coarse 

aggregate is used. The size of the coarse aggregate varies from 10 mm to 20 mm, means the material passed from 20 mm IS 

Potable water free from salts, oils, sugar & any other foreign materials is used for casting and curing of cement 

a vital role in development of strength of concrete, so the quantity and quality of water should be taken 

care off. Water having pH of 6.0 to 8.0 and not tasting saline and brackish is suitable for use in mixing of concrete. Genera

water not containing any salinity or alkalinity should be used for mixing in concrete.

conventional concrete the quantity of water is as per w/c ratio whereas quantity of water obtained for geopolymer concrete is

ution (5N, 10N and 14N). 

Securing conventional ingredients of concrete such as cement, fine aggregate, coarse aggregate and water

Collection of typically required materials such as fly ash, alkaline liquids. 

All materials were brought to room temperature, before starting the test. Firstly a 

control mix trial is prepared, and then in further trials the cement is fully replaced by fly ash and at different percentage

of chemicals. The chemicals (Sodium Hydroxide flacks and Sodium Silicate) used are replaced by 15 %, 20 % and 25 % of 

fly ash. Following are the mix designs for the cement concrete and geopolymer concrete as per 

Table 3.1: M20 Mix Design of OPC 53 Grade Cement Concrete:

Required for M20 Grade Concrete Per Cubic Meter 

Quantity Proportion

368.50 kg 

700 kg 

1177 kg 

192 kg 

Table 3.2: Trial Mixes for Geopolymer Concrete 

Trial Mix for Geopolymer Concrete Per Cubic Meter 

Quantity 

Trial - 1 Trial - 2 

Proportion GC 2 Proportion GC 3

1 432 kg 1 405 kg

1.525 700 kg 1.62 700 kg

2.56 1177 kg 2.725 1177 kg

0.059 36 kg 0.083 45 kg

0.118 72 kg 0.167 90 kg

0.294 90 kg 0.208 80.36 kg

The prepared concrete were filled in cube moulds of 150 × 150 × 150 mm dimension in three layers and compacted by tamping 

rod (16 mm dia.) with 35 numbers of blows. The top surface of the mould is finished properly by trowel to obtain a uniform 

smooth surface and leave them undisturbed for 24 hrs for setting. After the setting period of 24 hou

cubes should be done carefully so that edges of cube specimen should not be damaged and are leaved for curing according to their 

respective. For conventional concrete, curing was done in curing tank contains clean water at temperature of 27±2ºC

place in conventional concrete. On other hand the curing of geopolymer concrete was done in oven at 60

After the oven curing the cube specimen are leave in open atmosphere for natural curing pro

methods by which curing can be done such as dry curing (oven curing), steam curing or heated bed curing, use of heaters 

(blowers), and in ambient conditions under natural sunlight. There is no hydration process takes place in geopol

Total 36 cube specimens were prepared, 9 of conventional concrete and remaining 27 of geopolymer concrete (in different 
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Sand, gravel, silt and clay are all products of natural and artificial disintegration of rock sand 

n deposits. The particle size of fine 

aggregate is less than 4.75 mm confirming to IS 383:1970. Good quality dry river sand is used in this study. According to IS 

, Zone-II, Zone-III and Zone-IV. 

Crushed rocks are widely used as coarse aggregate. The shape of particles of crushed rock depends largely on the type of 

egate is enough strong and is capable of resisting the influence of weathering without 

decomposition then it is considered to be physically sound. For this research work the locally available good quality coarse 

gregate varies from 10 mm to 20 mm, means the material passed from 20 mm IS 

Potable water free from salts, oils, sugar & any other foreign materials is used for casting and curing of cement 

a vital role in development of strength of concrete, so the quantity and quality of water should be taken 

care off. Water having pH of 6.0 to 8.0 and not tasting saline and brackish is suitable for use in mixing of concrete. Generally 

water not containing any salinity or alkalinity should be used for mixing in concrete. In case of 

conventional concrete the quantity of water is as per w/c ratio whereas quantity of water obtained for geopolymer concrete is 

Securing conventional ingredients of concrete such as cement, fine aggregate, coarse aggregate and water. 

All materials were brought to room temperature, before starting the test. Firstly a 

control mix trial is prepared, and then in further trials the cement is fully replaced by fly ash and at different percentage level 

roxide flacks and Sodium Silicate) used are replaced by 15 %, 20 % and 25 % of 

per IS: 10262-1982. 

Table 3.1: M20 Mix Design of OPC 53 Grade Cement Concrete: 

 

Proportion 

1 

1.9 

3.16 

0.52 

Trial - 3 

GC 3 Proportion 

405 kg 1 

700 kg 1.728 

1177 kg 2.91 

45 kg 0.11 

90 kg 0.22 

80.36 kg 0.198 

layers and compacted by tamping 

rod (16 mm dia.) with 35 numbers of blows. The top surface of the mould is finished properly by trowel to obtain a uniform 

After the setting period of 24 hours the de-moulding of concrete 

and are leaved for curing according to their 

mperature of 27±2ºC, hydration 

place in conventional concrete. On other hand the curing of geopolymer concrete was done in oven at 60-90ºC for 

After the oven curing the cube specimen are leave in open atmosphere for natural curing process. There are various 

methods by which curing can be done such as dry curing (oven curing), steam curing or heated bed curing, use of heaters 

(blowers), and in ambient conditions under natural sunlight. There is no hydration process takes place in geopolymer concrete. 

Total 36 cube specimens were prepared, 9 of conventional concrete and remaining 27 of geopolymer concrete (in different 



© 2018 JETIR  September 2018, Volume 5, Issue 9     

JETIR1809800 Journal of Emerging

3.4 Conduct of Tests on Prepared Specimen:

a. Workability Test using Slump Cone Apparatus:

prepared concrete. In this research work the slump cone test is performed as per IS: 1199

concrete (M20 grade) and Geopolymer Concrete (Fly Ash based) hand mixed in the well established civil engineering 

laboratory of N.I.T.T.T.R., Bhopal (M.P.). In this test the cone is filled in three layers and each layer is tamped 25 times 

with steel rod of 16mm diameter equally over the cross section of concrete inside the cone. After the compacting the top 

layer, concrete was stuck off from the level with the help of trowel. Then cone was then removed from the concrete 

instantly by lifting it up in the vertical direction. The concrete sample then starts settling down by removing cone.

cone was removed from the concrete instantly while lifting it up in  the vertical direction. The concrete sample then starts 

settling down which removing cone. The differe

This difference of height of sample and cone in mm was the slump value.

b. Compressive Strength Test Using Universal Testing Machine: 

Compressive strength is the measure of resistance of hardened concrete towards compression. It is the most important 

characteristic of concrete as the concrete structure experiences heavy compression, hence it is very important to 

determine tolerable limit of compressive load over concrete.

150mm × 150mm × 150mm in cubical moulds, cured for desired number of days and crushed under compression testing 

machine (CTM) or universal testing machine (UTM) to de

is then divided by the cross section area of the specimen which gives the compressive strength of the concrete cube. 

determined by Greek later sigma (σ). 

Where, 

P = Maximum applied load (kN) 

A = Bearing surface of area (mm
2
) 

Testing of Specimens: According to IS 516:1959 the testing machine might be of any sort and of sufficient ca

and capable of applying load at the rate of 

platens with hardened faces and the bearing faces of both platens are preferably larger than the size of cube te

which the gradual load to be applied. Generally compression testing machine (CTM) or universal testing machine (UTM) is used 

as the testing machine. In the present research work universal testing machine (UTM) is used for testing compress

concrete. UTM is very reliable machine for compressive strength test, flexural strength test, tensile strength test and split

strength test. Testing machine are either manually operated or machine operated.

IV. RESULT ANALYSIS 

Total 36 cube specimens were tested using universal testing machine (UTM). 

of conventional concrete and remaining three of 100 % fly ash (geopolymer concrete) at varying percentage of chemical additiv

(15%, 20%, 25%), each sample consisting of 9

days compressive test, three specimens were tested for 7 days compressive test and three specimens were tested for 28 days 

compressive test.  

Workability Test using Slump Cone Apparatus:

when mixing of each batch is done before casting of cubes. Here each 

3 cubes. 

Table 4.1: 

Trials 

 

CC 

 

GC 1 

 

GC 2 

 

GC 3 
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Conduct of Tests on Prepared Specimen: Following tests were performed on the concrete specimen in this study:

Workability Test using Slump Cone Apparatus: The slump cone test is used to determine the workability of freshly 

prepared concrete. In this research work the slump cone test is performed as per IS: 1199

oncrete (M20 grade) and Geopolymer Concrete (Fly Ash based) hand mixed in the well established civil engineering 

laboratory of N.I.T.T.T.R., Bhopal (M.P.). In this test the cone is filled in three layers and each layer is tamped 25 times 

16mm diameter equally over the cross section of concrete inside the cone. After the compacting the top 

layer, concrete was stuck off from the level with the help of trowel. Then cone was then removed from the concrete 

ical direction. The concrete sample then starts settling down by removing cone.

cone was removed from the concrete instantly while lifting it up in  the vertical direction. The concrete sample then starts 

settling down which removing cone. The difference highest point of settled concrete and height of cone is measured. 

This difference of height of sample and cone in mm was the slump value. 

Compressive Strength Test Using Universal Testing Machine: Compressive strength test is a destructive test. 

is the measure of resistance of hardened concrete towards compression. It is the most important 

characteristic of concrete as the concrete structure experiences heavy compression, hence it is very important to 

mpressive load over concrete. This test is carried out by preparing cube specimen of size 

150mm in cubical moulds, cured for desired number of days and crushed under compression testing 

machine (CTM) or universal testing machine (UTM) to determine the tolerable load of the hardened concrete. The load 

is then divided by the cross section area of the specimen which gives the compressive strength of the concrete cube. 

determined by Greek later sigma (σ).  

Compressive strength (σ) = P / A 

According to IS 516:1959 the testing machine might be of any sort and of sufficient ca

 140kg/sq.cm/min or 5.2 kN/sec. The Testing machine consists of two steel bearing 

platens with hardened faces and the bearing faces of both platens are preferably larger than the size of cube te

which the gradual load to be applied. Generally compression testing machine (CTM) or universal testing machine (UTM) is used 

In the present research work universal testing machine (UTM) is used for testing compress

concrete. UTM is very reliable machine for compressive strength test, flexural strength test, tensile strength test and split

strength test. Testing machine are either manually operated or machine operated. 

cube specimens were tested using universal testing machine (UTM). Four different samples of cube were prepared one 

of conventional concrete and remaining three of 100 % fly ash (geopolymer concrete) at varying percentage of chemical additiv

, each sample consisting of 9 specimens of cube. Out of these nine specimens three 

days compressive test, three specimens were tested for 7 days compressive test and three specimens were tested for 28 days 

orkability Test using Slump Cone Apparatus: Slump cone test is done on freshly prepared concrete. This test is carried out 

when mixing of each batch is done before casting of cubes. Here each trial is divided into 3 batches which are further divided into 

Table 4.1: Slump Values of Different Concrete Mixes 

Batch Slump Value 

(mm) 

Avg. Slump 

Values (mm)

B1 76  

83 B2 81 

B3 92 

B4 176  

176 B5 173 

B6 179 

B7 168  

168 B8 170 

B9 166 

B10 159  

157 B11 157 

B12 155 
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pecimen in this study: 

The slump cone test is used to determine the workability of freshly 

-1959 for OPC 53 grade cement 

oncrete (M20 grade) and Geopolymer Concrete (Fly Ash based) hand mixed in the well established civil engineering 

laboratory of N.I.T.T.T.R., Bhopal (M.P.). In this test the cone is filled in three layers and each layer is tamped 25 times 

16mm diameter equally over the cross section of concrete inside the cone. After the compacting the top 

layer, concrete was stuck off from the level with the help of trowel. Then cone was then removed from the concrete 

ical direction. The concrete sample then starts settling down by removing cone. Then 

cone was removed from the concrete instantly while lifting it up in  the vertical direction. The concrete sample then starts 

nce highest point of settled concrete and height of cone is measured. 

Compressive strength test is a destructive test. 

is the measure of resistance of hardened concrete towards compression. It is the most important 

characteristic of concrete as the concrete structure experiences heavy compression, hence it is very important to 

This test is carried out by preparing cube specimen of size 

150mm in cubical moulds, cured for desired number of days and crushed under compression testing 

termine the tolerable load of the hardened concrete. The load 

is then divided by the cross section area of the specimen which gives the compressive strength of the concrete cube. It is 

According to IS 516:1959 the testing machine might be of any sort and of sufficient capacity for testing 

140kg/sq.cm/min or 5.2 kN/sec. The Testing machine consists of two steel bearing 

platens with hardened faces and the bearing faces of both platens are preferably larger than the size of cube testing specimen on 

which the gradual load to be applied. Generally compression testing machine (CTM) or universal testing machine (UTM) is used 

In the present research work universal testing machine (UTM) is used for testing compressive strength of 

concrete. UTM is very reliable machine for compressive strength test, flexural strength test, tensile strength test and split tensile 

Four different samples of cube were prepared one 

of conventional concrete and remaining three of 100 % fly ash (geopolymer concrete) at varying percentage of chemical additives 

specimens of cube. Out of these nine specimens three specimens were tested for 3 

days compressive test, three specimens were tested for 7 days compressive test and three specimens were tested for 28 days 

Slump cone test is done on freshly prepared concrete. This test is carried out 

is divided into 3 batches which are further divided into 

Avg. Slump 

Values (mm) 
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Figure 4.1: Bar Chart Representing the Slump Values of Various Batches

Figure 4.2: Bar Chart Representing Comparison of Average Slump Values of Trial Mixes

The result of the slump cone test is showing that the workability is increased in 

compared to conventional concrete. It has been observed that the slump value is being decreased from GC 1 to GC 3 i.e. as the

percentage of chemical additive is increased the water quantity is decreased, so the workabi

Compressive Strength Test using Universal Testing Machine: 

obtained than after further geopolymer concrete trial cubes were tested and their compressive strength values w

and compared with conventional concrete cubes compressive strength. The specimens are weighed before testing and the test was

performed on universal testing machine (UTM). The average 3, 7 and 28 days strength results are shown in different 

each trial. The unit of compressive strength is Newton per millimeter square (N/mm
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Figure 4.1: Bar Chart Representing the Slump Values of Various Batches

: Bar Chart Representing Comparison of Average Slump Values of Trial Mixes

The result of the slump cone test is showing that the workability is increased in geopolymer concrete (100% Fly Ash) as 

compared to conventional concrete. It has been observed that the slump value is being decreased from GC 1 to GC 3 i.e. as the

percentage of chemical additive is increased the water quantity is decreased, so the workability also decreases.

Compressive Strength Test using Universal Testing Machine: First of all the results of the conventional concrete cubes were 

obtained than after further geopolymer concrete trial cubes were tested and their compressive strength values w

and compared with conventional concrete cubes compressive strength. The specimens are weighed before testing and the test was

performed on universal testing machine (UTM). The average 3, 7 and 28 days strength results are shown in different 

each trial. The unit of compressive strength is Newton per millimeter square (N/mm
2
). 
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Figure 4.1: Bar Chart Representing the Slump Values of Various Batches 

 

: Bar Chart Representing Comparison of Average Slump Values of Trial Mixes 

geopolymer concrete (100% Fly Ash) as 

compared to conventional concrete. It has been observed that the slump value is being decreased from GC 1 to GC 3 i.e. as the 

lity also decreases. 

First of all the results of the conventional concrete cubes were 

obtained than after further geopolymer concrete trial cubes were tested and their compressive strength values were determined 

and compared with conventional concrete cubes compressive strength. The specimens are weighed before testing and the test was 

performed on universal testing machine (UTM). The average 3, 7 and 28 days strength results are shown in different tables for 

159

175
165

B10 B11 B12

Bar Chart Showing Comparison of  Slump Values of Various 

157

GC 3

Bar Chart Showing Comparison of Average Slump Values 
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Table 4.2: 

S. No. Trial Mixes 
Weight of 

Cube (kg) 

1. CC 

8.45 

8.36 

8.54 

2. GC1 

7.64 

7.58 

7.55 

3. GC 2 

7.73 

7.79 

7.82 

4. GC 3 

7.78 

7.84 

7.81 

Figure 4.3: Bar Graph Representing 3 Days Compressive Strength
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Table 4.2: 3 Days Compressive Strength 

 

Average Weight 

of Cubes (kg) 

3 Days Compressive 

Strength (N/mm
2
) 

Average 3 days C

Strength (N/mm

8.45 

12.12 

12.19 

12.28 

7.59 

8.68 

8.65 

8.52 

7.78 

11.24 

11.41 

11.56 

7.81 

17.24 

16.15 

16.56 

 

 

Bar Graph Representing 3 Days Compressive Strength

 

 

 

8.62

11.4

GC 1 GC 2

Trial Mixes

Comparison of 3 Days Compressive Strength
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Average 3 days Compressive 

Strength (N/mm
2
) 

12.28 

8.62 

11.40 

16.65 

 

Bar Graph Representing 3 Days Compressive Strength 

16.65

GC 3

Comparison of 3 Days Compressive Strength
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Table 4.3: 

S. No. Trial Mixes 
Weight of 

Cube (kg) 

1. CC 

8.37 

8.42 

8.46 

2. GC1 

7.52 

7.49 

7.55 

3. GC 2 

7.76 

7.80 

7.72 

4. GC 3 

7.61 

7.69 

7.65 

Figure 4.4: Bar Graph Representing 7 Days Compressive Strength
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Table 4.3: 7 Days Compressive Strength 

 

Average Weight 

of Cubes (kg) 

7 Days Compressive 

Strength (N/mm2) 

Average 7 days Compressive 

S

8.42 

20.46 

19.27 

20.39 

7.52 

13.56 

13.84 

14.08 

7.76 

18.60 

18.72 

18.93 

7.65 

32.00 

31.20 

31.60 

 

 

 

 

 

Bar Graph Representing 7 Days Compressive Strength
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Trial Mixes
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Average 7 days Compressive 

Strength (N/mm2) 

20.04 

13.83 

18.75 

31.60 

 

Bar Graph Representing 7 Days Compressive Strength 

31.6

GC 3
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Table 4.4: 

S. No. Trial Mixes 
Weight of 

Cube (kg) 

1. CC 

8.53 

8.52 

8.47 

2. GC1 

7.54 

7.51 

7.57 

3. GC 2 

7.56 

7.76 

7.69 

4. GC 3 

7.59 

7.68 

7.65 

Figure 4.5: Bar Graph Representing 28 Days Compressive Strength
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able 4.4:  28 Days Compressive Strength 

Average Weight 

of Cubes (kg) 

28 Days Compressive 

Strength (N/mm
2
) 

Average 28 days Compressive 

Str

8.51 

28.34 

27.67 

26.73 

7.55 

20.12 

20.40 

20.28 

7.67 

25.04 

25.16 

25.36 

7.64 

37.64 

38.40 

37.33 

 

 

 

 

 

: Bar Graph Representing 28 Days Compressive Strength
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Average 28 days Compressive 

Strength (N/mm
2
) 

27.58 

20.27 

25.19 

37.79 

 

: Bar Graph Representing 28 Days Compressive Strength 

37.79

GC 3
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Table 4.5: Results Showing 3, 7 and 28 Days Compressive Strength

S. No. Trial Mixes 
Average Compressive Strength 

3 Days

1. CC 12.28

2. GC 1 8.62 

3. GC 2 11.40

4. GC 3 16.65

Figure 4.6: Bar Chart Representing 3, 7 and 28 Days Compressive Strength

From the results it is observed that trial GC 2 and trial GC 3 are showing good 3, 7 and 28 days compressive strength values 

compared to conventional concrete (CC). But trial GC 1 is showing comparable compressive strength value with respect to 

conventional concrete (CC). It means that trial GC 2 and trial GC 3 are showing much more compressive strength values at 3, 7

and 28 days as compared to conventional concret

To find optimum trial mix, consider 3, 7 and 28 days compressive strength along with slump value on a linear scale of 0 to 20

these parameters of trials GC 1 to GC 3 are compared wi

workable, but compressive strength value of trial GC 1 is comparatively less satisfactory whereas trial GC 2 and 

much more satisfactory, hence it is concluded that trial 

GC 3 is the best possible mix in this research work.
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Results Showing 3, 7 and 28 Days Compressive Strength

Average Compressive Strength 

(N/mm
2
) 

Percentage Difference in Compressive 

Strength of each 

compared to TR 1

3 Days 7 Days 28 Days 3 Days 7 Days

12.28 20.04 27.58 --- 

 13.83 20.27 -29.80 % -30.98 %

11.40 18.75 25.91 -7.17 % -

16.65 31.60 37.79 +35.59 % +57.68 

 

 

 

Bar Chart Representing 3, 7 and 28 Days Compressive Strength

From the results it is observed that trial GC 2 and trial GC 3 are showing good 3, 7 and 28 days compressive strength values 

). But trial GC 1 is showing comparable compressive strength value with respect to 

conventional concrete (CC). It means that trial GC 2 and trial GC 3 are showing much more compressive strength values at 3, 7

and 28 days as compared to conventional concrete (CC). But, more consideration is required to find an optimum trial.

To find optimum trial mix, consider 3, 7 and 28 days compressive strength along with slump value on a linear scale of 0 to 20

these parameters of trials GC 1 to GC 3 are compared with trial CC, then it is observed that the 

workable, but compressive strength value of trial GC 1 is comparatively less satisfactory whereas trial GC 2 and 

much more satisfactory, hence it is concluded that trial GC 2 and trial GC 3 are the optimum trials and to be more specific trial 

GC 3 is the best possible mix in this research work. 

8.62

11.4

16.65

13.83

18.75

31.6

20.27

25.19

GC 1 GC 2 GC 3

Trial Mixes

Comparision of 3, 7 & 28 Days Compressive Strength

www.jetir.org  (ISSN-2349-5162) 

TIR) www.jetir.org 1020 

Results Showing 3, 7 and 28 Days Compressive Strength 

Percentage Difference in Compressive 

Strength of each Trials when 

compared to TR 1 

7 Days 28 Days 

--- --- 

30.98 % 26.50 % 

-6.44 % -5.84 % 

+57.68 % +37.02 % 

 

Bar Chart Representing 3, 7 and 28 Days Compressive Strength 

From the results it is observed that trial GC 2 and trial GC 3 are showing good 3, 7 and 28 days compressive strength values when 

). But trial GC 1 is showing comparable compressive strength value with respect to 

conventional concrete (CC). It means that trial GC 2 and trial GC 3 are showing much more compressive strength values at 3, 7 

consideration is required to find an optimum trial. 

To find optimum trial mix, consider 3, 7 and 28 days compressive strength along with slump value on a linear scale of 0 to 200. If 

th trial CC, then it is observed that the trials GC 1 to GC 3 are more 

workable, but compressive strength value of trial GC 1 is comparatively less satisfactory whereas trial GC 2 and trial GC 3 are 

GC 2 and trial GC 3 are the optimum trials and to be more specific trial 

31.6

37.79

GC 3

3 Days

7 Days

28 Days
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Cost Analysis: Cost analysis is done for the conventional concrete and geopolymer concrete according to the mix design

follows: 

Table 4.6:

S. No. Materials 

1. Cement (OPC 53 Grade)

2. Sand 

3. Aggregates 

4. Water 

  

Table 4.7:

Geopolymer Concrete (Fly Ash + 15 % Chemical Additives) (GC 1)

S. No. Materials 

1. Fly Ash 

2. Sand 

3. Aggregates 

4. Sodium Hydroxide Flacks

5. Sodium Silicate

6. Water 

  

Table 4.7:

Geopolymer Concrete (Fly Ash + 20 % Chemical Additives) (GC 2)

S. No. Materials 

1. Fly Ash 

2. Sand 

3. Aggregates 

4. Sodium Hydroxide Flacks

5. Sodium Silicate

6. Water 

  

Table 4.8: 

Geopolymer Concrete (Fly Ash + 25 % Chemical Additives) (GC 3)

S. NO. MATERIALS 

1. Fly Ash 

2. Sand 

3. Aggregates 

4. Sodium Hydroxide Flacks

5. Sodium Silicate 

6. Water 

  

*From above cost analysis it is observed that,

Table 4.9: Comparison of Cost Analysis b/w Conventional Concrete and Geopolymer Concrete

Concrete Total Cost (₹) Cost Difference w.r.t. CC (

CC 3,800 

GC 1 3,132 

GC 2 3,636 

GC 3 4,140 

*From the above Table 4.9, it is clearly observed that cost of geopolymer concrete increases as the amount of chemical additives 

increases. 
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Cost analysis is done for the conventional concrete and geopolymer concrete according to the mix design

4.6: Cost Analysis of Conventional Concrete (CC) 

Conventional Concrete (CC) 

Quantity Rate (₹) 

Cement (OPC 53 Grade) 8 begs 340 per beg 

15.115 Cu ft 53 per Cu ft 

9.29 Cu ft 30 per Cu ft 

192 L ---- 

Total 

4.7: Cost Analysis of Geopolymer Concrete (GC 1) 

Geopolymer Concrete (Fly Ash + 15 % Chemical Additives) (GC 1)

Quantity Rate (₹) 

459 kg 1 ₹ per kg 

15.115 Cu ft 53 per Cu ft 

9.29 Cu ft 30 per Cu ft 

Sodium Hydroxide Flacks 27 kg 35 ₹ per kg 

Sodium Silicate 54 kg 12 ₹ per kg 

135 kg ---- 

Total 

4.7: Cost Analysis of Geopolymer Concrete (GC 2) 

Geopolymer Concrete (Fly Ash + 20 % Chemical Additives) (GC 2)

Quantity Rate (₹) 

432 kg 1 ₹ per kg 

15.115 Cu ft 53 per Cu ft 

9.29 Cu ft 30 per Cu ft 

odium Hydroxide Flacks 36 kg 35 ₹ per kg 

Sodium Silicate 72 kg 12 ₹ per kg 

90 kg ---- 

Total 

4.8:  Cost Analysis of Geopolymer Concrete (GC 3) 

Geopolymer Concrete (Fly Ash + 25 % Chemical Additives) (GC 3)

 QUANTITY RATE (₹) 

405 kg 1 ₹ per kg 

15.115 Cu ft 53 per Cu ft 

9.29 Cu ft 30 per Cu ft 

Sodium Hydroxide Flacks 45 kg 35 ₹ per kg 

 90 kg 12 ₹ per kg 

80.36 kg ---- 

Total 

From above cost analysis it is observed that, 

Comparison of Cost Analysis b/w Conventional Concrete and Geopolymer Concrete

Cost Difference w.r.t. CC (₹) Percentage Differenc

---- ----

668 -17.58%

164 -4.51%

340 +8.95%

observed that cost of geopolymer concrete increases as the amount of chemical additives 
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Cost analysis is done for the conventional concrete and geopolymer concrete according to the mix design is as 

Total Cost (₹) 

2,720 

801 

279 

---- 

3,800 

Geopolymer Concrete (Fly Ash + 15 % Chemical Additives) (GC 1) 

Total Cost (₹) 

459 

801 

279 

945 

648 

---- 

3,132 

Geopolymer Concrete (Fly Ash + 20 % Chemical Additives) (GC 2) 

Total Cost (₹) 

432 

801 

279 

1,260 

864 

---- 

3,636 

Geopolymer Concrete (Fly Ash + 25 % Chemical Additives) (GC 3) 

TOTAL COST (₹) 

405 

801 

279 

1,575 

1,080 

---- 

4,140 

Comparison of Cost Analysis b/w Conventional Concrete and Geopolymer Concrete 

Percentage Difference In Cost w.r.t. CC 

---- 

17.58% 

4.51% 

+8.95% 

observed that cost of geopolymer concrete increases as the amount of chemical additives 
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V. CONCLUSION: 

In this research work it has been concluded that,

• The slump value of geopolymer concrete (Fly Ash + Chemical Additives) was observed  very high as compared to OPC 

53 grade cement concrete, which shows that the geopolymer concrete is more workable t

 

• Increasing of percentage of chemical additives and decreasing the same percentage of fly ash the workability of 

geopolymer concrete slightly decreases.

 

• The compressive strength of geopolymer concrete tends to increase with increase o

(NaOH Flacks and Na2SiO3) and also increases with the increase in concentration of NaOH (NaOH Flacks + Water) i.e. 

more the concentration high will be strength.

 

• The compressive strength of GC 1 (geopolymer concrete with 

and can be opted as low grade concrete (M15 to M20). In case of GC 2 (geopolymer concrete with 20% chemical 

additives) at 10 N, the compressive strength was observed optimum and fall under the categor

concrete (M25). Whereas, in case of GC 3 (geopolymer concrete with 25% chemical additives) at 14 N, the compressive 

strength was observed very good and also fall under the category of standard grade of concrete (M30 

 

• The compressive strength of GC 3

35.59 % in 3 days, 57.68 % in 7 days and 37.02 % in 28 days as compared to CC (OPC 53 grade cement concrete). 

 

• The concentration of NaOH ranges from 5 N

there is increment of compressive strength in geopolymer concrete. Hence, it is concluded that geopolymer concrete 

found to be high strength concrete and can achieve high strength in

 

• The geopolymer concrete is also light weight concrete as it has been observed that the weight of geopolymer concrete 

cubes was found to be less by 6 % to 12 % as compared to OPC 53 grade cement concrete cubes.

 

• From the cost analysis it is justified that, if 100% replacement of cement by fly ash with chemical additives the cost is 

decreased by 17.58% and 4.51% for GC 1 and GC 2 but for GC 3 the cost increased by 8.95% as GC 3 is high strength 

concrete and contains more amount of

chemical additives the cot also increases.

 

• The geopolymer concrete (fly ash + chemical additives) is more preferable for precast constructions and concrete road 

constructions. 

 

• Cement industries are the main source of carbon dioxide (CO

by using these supplementary materials such as fly ash, rice husk, 

furnace steel slag, palm oil boiler ash and metakaolin etc. with chemical additives,

can be reduced up to some extent, due to which green house effect can be controlled so that we can safeguard our 

environment. The fly ash is environment friendly 

the cement in the concrete. 
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