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Abstract —A concrete use around the world is second only to 

water. The production of ordinary Portland cement contributes 

5-7% of total greenhouse gas emission. It also consumes large 

amount energy. Hence it is essential to find alternative to 

cement. Fly ash is a by-product of coal obtained from thermal 

power plant. It is also rich in silica and alumina. In this paper, 

fly ash and ground granulated blast furnace slag (GGBFS) are 

used to produce a Geomortar. Geopolymer is a material 

resulting from the reaction of a source material that is rich in 

silica and alumina with alkaline solution. Geopolymer concrete 

is totally cement free concrete. In Geomortar, fly ash and 

GGBFS are act as binder and alkaline solution act as an 

activator. Fly ash, GGBFS and alkaline activator undergo geo-

polymerization process to produce alumino silicate gel. Alkaline 

solution used for present study is combination of sodium 

hydroxide (NaOH) and calcium silicate (Ca2O4Si) with ratio 

1:1. The mix were designed for Normality of 5N, 10N & 15N 

and different percentages of fly-ash & GGBFS. The test results 

have shown that compressive strength increases with increase 

in Normality. 

 
1. INTRODUCTION 

Portlandcement has used as a binder in the manufacturing 
of cementconcrete due to its availability of rawsubstances 
over the world, due to its ease for making and fabricating in 
all sorts possible shapes. The utilization of portlandcement 
is determined to be satisfactory in most of the civil 
engineering construction. Every year, the concrete industry 
uses about 1.6 billion tonnes of Portland cement worldwide 
and produces about 12 billion tonnes of concrete. 
portlandcement cause emissions of greenhouse gas during 
their production but it is highly internal energy intensive. 
Portlandcement based conventionalconcrete have less 
durability in some very severe environmental conditions. 
The worldwide produce a total greenhouse gas- emissions 
in that 7% approximately due to the production of ordinary 
portlandcement. Day to day the production of ordinary 
portlandcementis increased, the estimated the year 2020 in 
co2 emissions will rise 50% compared to the present levels. 
On another way, flyash is the waste material of coal based 
thermal plants. Which is richly available material, but it 
creates a disposal problem. The disposal of flyash is 
occupied by several hectares of agriculture land. And also 
light in weight and flies easily, it creates a health problem 
like Bronchitis and Asthma. Now, the challenge amongst 
the researches is to find out an appropriative alternative of 

eliminating the environmental problems created by the 
production of cement. A very outstanding research by 
Joseph Davidovits in 1978 was the invention of geopolymer 
concrete which was a cement-free concrete. In that cement 
is replaced by 100% flyash. The ultimate prolific reason for 
use of flyash is its minimal use and its dumping difficult.Not 
onlycan the removal of CO2 emission be avoided, however 
also there are lot many motivesfor geopolymer concrete to 
be eco-friendly. 
 

2. LITERATUER REVIEW 
Abhilash et al., (2017)[1] conducted work on the evaluate the 
resistance of geopolymer concrete to the acidic 
environment. The materials are used were low-calcium fly-
ash, slag as fine-aggregate, crushed stone up to 70% by 
weight as coarse aggregate and remaining 30% was replaced 
by Coal washery rejects. In this project, he was designed 
M25 concrete & 6M molarity was used. And finally 
concluded that weight geopolymer concrete decreases when 
the acid concentrations increases & in this time geopolymer 
concrete compressivestrength was a reduction in  0.61% 
whereas in cement concrete was 0.69%. He proved that 
geopolymer concrete has a good wear & tear resistance to 
acidic environment.Francis N. Okoye et al., (2017)[2] 
conducted work on the evaluate the effect of silica fume on 
durability properties of flyashbased geopolymer. He has 
conducted a chemical attack on geopolymer concrete, 
measuring the change in the weights and percentage losses 
in compressive strength at different intervals of time. In this 
project, he was used low calcium fly-ash was a base 
material, NaOH & Na2SiO3 were used as alkali activators 
and sulfonate was used as a chemical admixture. This 
experiment carried out with 2% H2SO4 and 5% NaCl 
solution with mixes of 0%, 10%, 20% of silica fume. 
Geopolymer concrete has 20% silica fume have excellent 
durability properties at chemical attack.LakshmiPrasad et 
al., (2017)[3]conducted work on the studies of the properties 
of GGBFS and Phosphogypsum blended geopolymer 
concrete.  In this project getting results are the strength of 
geopolymer concrete made by blending with GGBFS has 
increased with increase in GGBFS percentage and 
phosphogypsum blended geopolymer concrete strength has 
increased up to a certainlimit and then decrease the strength 
with an increase of phosphogypsum percentage.Ali A. 
Aliabdo et.al (2016)[4] used an innovative industrial waste 
fly-ash as a replacement for cement and the effect of little 
addition of cement with fly-ash. The objective of this work 
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is found out the compressive strength, split tensile strength 
characteristics of flyash based geopolymer and also little 
addition of cement. The finally concluded that generally 
adding cement improves all fly-ash based geopolymers 
properties but does not improve workability.Rajarajeswari 
and Dhinakaran (2016)[5] conducted work on the attempted 
to produce ground granulated blast furnace slag (GGBFS) 
based geopolymer concrete. And also found its compressive 
strength characteristics by considering the parameterssuch 
as the ratio of (SiO3/OH), the ratio of (AL/GGBFS) and the 
age of geopolymer concrete with different temperatures of 
thermal curing. Finally, results show that was an increase in 
compressive strength with increase in Na2SiO3/NaOH ratio 
and with increased age of concrete.Hake et al (2015)[6] in 
this paper deals with the results of the experimental 
investigations carried out on geopolymer concrete using 
processed and unprocessed fly-ash with NaOH and 
Na2SiO3.This study analyzed the effect of processed and 
unprocessed fly-ash on the compressivestrength and split 
tensile strength for different temperatures.In this project 
used processed fly-ash such as P60, PP80, and P100 Dirk 
IndiaPvt. Ltd and unprocessed fly-ash from different cities 
such as Bhusawal, Nashik, and Beed. In this paper, the 
effect of the solution o different fly-ash is 

investigated.Bondar (2015)[7] In this paper investigated that 
geopolymer concrete produced the same cost of OPC 
concrete and comparable properties. Geopolymer concrete 
develops moderate to high mechanical strength with a 
highmodulus of elasticity.And also shrinkage much 
lowerthan OPC. Production of geopolymer concrete 
produces less CO2 emissions compare to OPC 
production.Chien-Chung Chen et al., (2015)[8]in this 
project, an experimentalstudy on ground granulated blast 
furnace slag (GGBFS) / Class C Fly-ash based geopolymer 
concrete to investigate material properties and the slag/fly-
ash ratios were taken as 25/75, 50/50, and 75/25. Results 
revealed that the setting time could be extended to about 
20minutes for slag/fly-ash ratios of 50/50 and 75/25. Air 
contents and unit weights were ranging from 1.5 to 1.9, and 
the unit weights ranging from 2487 kg/m3 to 2393 kg/m3. 
Finally concluded that the 7dyas compressive strength 
increased with the increase of slag/Fly-ash ratio but 28days 
similar trend was not observed.And also observe the highest 
slag content in concrete, micro-cracks are formed on the 
surface.Debabrata Dutta et al., (2014)[9]conducted work on 
the study to predict the ideal curing temperature for Fly-ash 
based geopolymer blended with blast furnace slag. The 
curing temperature from 550c – 850c for GP( without any 
calcium compound) and sample GB (with 15% of GGBFS). 
NaOH & Ca2O4Si2  solution were used as activators and the 
silicate modulus was varied from 0.5 to 1.5. This project was 
subjected to compression and observed that the strength 
values vary a lot of at different temperature curing and also 
observed strength was increased with the increment of 
curing temperature over 650c for GP. From the results, the 
compressive strength of GB was  47.09 MPa at 650c 
temperature for sample GB.Maria Rajesh et al., (2014)[10] In 
this paper studied the strength of geopolymer concrete with 
an alkaline solution of different molarity. From the 

results,optimum compressive strength, spilt tensile strength, 
and flexural strength were obtained in 12M at 28days. When 
compare other molarities of geopolymer concrete to 12M 
geopolymer concrete have 1.25times more compressive 
strength, 1.18times more spilt tensile strength and 
1.058times more flexural strength.Vora and Dave (2013)[11] 
conducted a study on the compressive strength of the 
geopolymer concrete increases with the increase of 
concentration in terms of molarity of NaOH. The ratio of 
alkaline liquid to fly-ash by mass does not affect the 
compressive strength of the geopolymer concrete. Finally 
concluded that the compressive strength of the geopolymer 
concrete decreases with the increases in the ratio of water to 
geopolymer solids by mass.Bhosale et al (2012)[12] in this 
project conducted on the experimental investigation in the 
processing of geopolymer using fly-ash and alkaline 
activator with the polymerization process. The molarity of 
NaOH is an influence the early age compressive strength. 
Finally concluded that the compressive strength increases 

with increase in molarities. 

3. MATERIALS AND METHODS 
 
3.1. Ground granulated blast furnace slag. 
GGBFS (ground granulated blast furnace slag) is access by 
quenching molten iron slag, a byproduct of steel and iron 
making from a blast furnace in steam or water to produce 
glassy, granular product that is then dried and ground into a 
fine powder. Fly-ash characterize any fine material which 
has been precipitated from the stack gases of furnaces 
burning strong fuel. 

Table 1.Characteristics of GGBS 

S.NO CHARACTERISTICS PERCENTAGE 
1. Fineness (m2/Kg) 412 
2. Particle size (cumulative%) 94.25/100 
3. Insoluble Residue 0.23 
4. Magnesia content 8.73 
5. Sulphide sulphur 0.54 
6. Sulphide content 0.29 
7. Loss on Ignition 0.17 
8. Manganee content 0.06 
9. Chloride content 0.010 

10. Glass content 90 
11. Moisture content 0.14 

 

3.2 Fly-ash. 

Flyash, which is largely made up of SiO2 and CaO, can be 
used as a substitute for Portland cement, or as a  
supplement to it. The materials which make up of flyash 
are pozzolanic, meaning that they can be used that to bind 
cement materials together. Pozzolanic materials, including 
flyash cement, added strength and durability to concrete. 
Green concrete is the other name of Fly-ash cement.It binds 
the toxic chemicals which are present in the fly-ash in a 
way that they should prevent them from contaminating 
like natural resources. Using fly-ash cement in place of 
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Portland cement useless energy, requires less invasive 
mining, and reduces both there source consumption and 
carbondioxide emissions. 

 

Table 2.Characteristics of Fly-ash 

Cement Consistency 
in % 

Specific 
gravity 

Initial 
setting 
time 

Final 
setting 
time 

Fly ash 
cement 

37.5 3 3hour 
50min 

11hour 
35min 

 
3.3. Fine aggregate. 
Sand is a naturally occurring granular material composed of 
finely divided rock and mineral particles. The most common 
constituent of sand, in inland continental settings and non-
tropical coastal settings, is silica, usually in the form of 
quartz which, because of its chemical inertness and abundant 
hardness, is the most frequent mineral resistant to 
weathering. It is used as fine aggregate in concrete. 
 

Table 3.Properties of sand 

Fine aggregate Specific gravity Water absorption 

Sand 2.65 0.6 

 
3.4. Alkaline solution. 
 

TheAlkalinesolutionusedforexperimentalinvestigationisaco
mbinationofNaOHsolution,Ca2O4Si2solution,Ca 
(OH)2solutions.Itisseenthat theGeopolymerswithNaOH 
solutionexhibitbetterZeoliticpropertiesthancalciumhydroxi
deactivatedGeopolymers.Also, it has been verified that the 
addition of Ca2O4Si2 Solution to NaOH solution stronger 
the response rate between Source material and the alkaline 
solution. The NaOH is in flakes and pellet form with about 
98% purity. These pellets were mixed with distilled water 
to obtain the NaOH solution of required molarity. In this 
project, alkaline solution is a combination of NaOH & 
CaSiO3with 1:1 solution proportions are used. 
 

Table 4.Specifications of sodium hydroxide flake 
 

Maximum Limits of 
Impurities 

Percentage (%) 

Carbonate 2 
chloride 0.1 

Phosphate 0.001 
Meta silicate 0.02 

sulphide 0.01 
arsenic 0.0001 

iron 0.005 
 

The cube of size 7.06cm7.06cm7.06cm are casted and tested 
for compressive strength for different percentages of GGBFS 

& Fly-ash after 3 days,7 days and 28days curing. And also 
different normalities of alkaline solution are used. 
 

 
4. RESULTS 

Thetests were conducted, and the results were tabulated and 
the same are represented in the graphical form 

 
 

Table 5.Compressive strength of Cement mortar cube 

 

 
Figure1.Compressive strength of cement mortar cubes 

Table 6.Compressive strength of Geomortar cubes 
(5N NaOH and 5N Ca2O4Si2)(solution added immediately after 

mix) 

 

International Journal of Scientific Research and Review

Volume 7, Issue 9, 2018

ISSN NO: 2279-543X

http://dynamicpublisher.org/ 277



 
Figure2.Compressive strength of geomortar cubes 

Table 7.Compressive strength of Geomortar cubes 
(5N NaOH AND 5N Ca2O4Si2) (solution added after 24 hours) 

 

 
Figure3.Compressive strength of geomortar cubes 

 

 

 

Table 8.Compressive strength of Geomortar cubes 
(10N NaOHAND 10N Ca2O4Si2)  (solution added immediately 

after mix) 

 

 
Figure4.Compressive strength of geomortar cubes 

 
Table 9. Compressive strength of Geomortar cubes 

(10N NaOHAND 10N Ca2O4Si2) 
(solutionaddedafter24hours)  
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Figure 5. Compressive strength of geomortar cubes 

 
 

5.  DISCUSSIONS 
From the above results the fallowing discussions were made 

 
5.1 Cement mortar cubes and Geomortar cubes (5N 

NaOH and 5N Ca2O4Si2)  (Immediately after mixing) 

a) When compare Three days compressive strength of 
Cement mortar cubes to Geopolymer mortar cubes is 
decreased by 62.87% at 100% GGBFS, 44.87% at 
90% GGBFS & 10% Fly-ash, 26.76% at 80% 
GGBFS & 20% Fly-ash and 11.84% at 70% GGBFS 
& 30% Fly-ash. 

b) When compare Seven days compressive strength of 
Cement mortar cubes to Geopolymer mortar cubes is 
decreased by 19.56% at 100% GGBFS and increased 
by 0.47% at 90% GGBFS & 10% Fly-ash, 8.54% at 
80% GGBFS & 20% Fly-ash, 16.38% at 70% 
GGBFS & 30% Fly-ash. 

c) When compare Twenty-eight days compressive 
strength of Cement mortar cubes to Geopolymer 
mortar cubes is decreased by 33.40% at 100% 
GGBFS, 25.55% at 90% GGBFS & 10% Fly-ash, 
11.93% at 80% GGBFS & 20% Fly-ash and 2.94% 
at 70% GGBFS & 30% Fly-ash. 

 

(Mixed after 24hours) 

a) When compare Three days compressive strength of 
Cement mortar cubes to Geopolymer mortar cubes is 
decreased by 19.80% at 100% GGBFS, 9.78% at 
90% GGBFS & 10% Fly-ash and increased by 0% at 
80% GGBFS & 20% Fly-ash, 12.24% at 70% 
GGBFS & 30% Fly-ash.  

b) When compare Seven days compressive strength of 
Cement mortar cubes to Geopolymer mortar cubes is 
increased by 0.47% at 100% GGBFS, 8.54% at 90% 
GGBFS & 10% Fly-ash, 18.34% at 80% GGBFS & 
20% Fly-ash, 24.69% at 70% GGBFS & 30% Fly-
ash.  

c) When compare Twenty-eight days compressive 
strength of Cement mortar cubes to Geopolymer 
mortar cubes is decreased by 20.18% at 100% 
GGBFS, 11.93% at 90% GGBFS & 10% Fly-ash, 

1.95% at 80% GGBFS & 20% Fly-ash and increased 
by 6.53% at 70% GGBFS & 30% Fly-ash. 

 

5.2 Cement mortar cubes and Geomortar cubes (10N 

NaOH and 10N Ca2O4Si2) (Immediately after mixing) 

a) When compare Three days compressive strength of 
Cement mortar cubes to Geopolymer mortar cubes is 
decreased by 25.18% at 100% GGBFS, 3.16% at 
90% GGBFS & 10% Fly-ash and increased by 
12.79% at 80% GGBFS & 20% Fly-ash, 22.59% at 
70% GGBFS & 30% Fly-ash.  

b) When compare Seven days compressive strength of 
Cement mortar cubes to Geopolymer mortar cubes is 
increased by 4.59% at 100% GGBFS, 27.88% at 
90% GGBFS & 10% Fly-ash, 34.56% at 80% 
GGBFS & 20% Fly-ash and 43.38% at 70% GGBFS 
& 30% Fly-ash.  

c) When compare Twenty-eight days compressive 
strength of Cement mortar cubes to Geopolymer 
mortar cubes is decreased by 20.96% at 100% 
GGBFS and increased by 3.16% at 90% GGBFS & 
10% Fly-ash, 18.13% at 80% GGBFS & 20% Fly-
ash, 23.04% at 70% GGBFS & 30% Fly-ash. 

 
(Mixed after 24hours) 

a) When compare Three days compressive strength of 
Cement mortar cubes to Geopolymer mortar cubes is 
increased by 6.61% at 100% GGBFS, 19.10% at 
90% GGBFS & 10% Fly-ash, 27.35% at 80% 
GGBFS & 20% Fly-ash and 36.96% at 70% GGBFS 
& 30% Fly-ash.  

b) When compare Seven days compressive strength of 
Cement mortar cubes to Geopolymer mortar cubes is 
increased by 25.77% at 100% GGBFS, 31.62% at 
90% GGBFS & 10% Fly-ash, 41.93% at 80% 
GGBFS & 20% Fly-ash and 48.94% at 70% GGBFS 
& 30% Fly-ash.  

c) When compare Twenty-eight days compressive 
strength of Cement mortar cubes to Geopolymer 
mortar cubes is increased by 7.43% at 100% 
GGBFS, 15.70% at 90% GGBFS & 10% Fly-ash, 
26.26% at 80% GGBFS & 20% Fly-ash and 32.34% 
at 70% GGBFS & 30% Fly-ash. 
 

6. CONCLUSION 

1. It reduces the cost as it gives 28days strength 
within 67 days through saving of money spent 
on form work 

2. It is very useful in areas like where water 
scarcity is there and it avoids the costly 
methods like membrane curing 
 

3. The optimum strength of geopolymer mortar 
cubes (NaOH&Ca2O4Si2) is increased by 
32.34% than the cement mortar cubes. 
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4. Geopolymer cubes (NaOH&Ca2O4Si2) gives 
optimum strength at 70% GGBFS and 30% Fly-
ash. 

5. Geopolymer mortar cubes give optimum 
strength at 10N NaOH&10NCa2O4Si2 
solution mixed after 24 hours with 70% 
GGBFS and 30%Fly-ash. When compare 
Twenty-eight days compressive strength of 
Cement mortar cubes to Geopolymer mortar 
cubes is increased by 32.34% at 70% GGBFS 
& 30% Fly-ash.  

6. Geopolymer mortar cubes (NaOH&Ca2O4Si2) 
gives more strength with increase in Fly-ash 
content 

7. Use less amount of solution where less 
strength is required and to increase the 
strength use more amount of solution 

8. The durability of this structures using this 
concrete is more than the structures using 
cement as a binding material 

9. It protects the marine structures from 
chemical attack 
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