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ABSTRACT
In recent years the use of concrete has increased day by day due to various advantages such as good strength,
long life, low maintenance etc. Due to increase in uses the environment of earth is affected. The main effect of
increase is temperature that melts the glaciers and increases the water level.
One of the efforts to produce more environmentally friendly concrete is to reduce the use of ordinary Portland
cement (O.P.C) by replacing the cement in concrete with geo-polymers. In geo-polymer concrete cement is
replaced by fly ash and alkaline solutions such as sodium hydroxide (Na OH) and sodium silicate (Na.O, SiO,)
to make the binder necessary to manufacture the concrete. One tone of fly ash can be utilized for
manufacturing about 2.5 cubic meter of high quality Geo-polymer concrete. Test experiments proved as fly ash
based Geo-polymer concrete has excellent compressive strength and flexural strength.
Trial mixes were done and noted the properties of Geopolymer concrete in hardened state such as compressive
strength and flexural strength. The result is show that the geopolymer concrete is again high compressive and
flexural strength as comparing with the ordinary Portland cement concrete. When concrete cubes of M15, M20
and M25 was compared to geopolymer concrete cubes of 12M, 14M and 16M it was seen that the compressive
strength of geopolymer concrete is increasing by 34.43,10.24 and 10.12 percentage in 28 days.

KEYWORDS: Geo-polymers concrete, ordinary Portland cement (O.P.C), sodium hydroxide (Na OH) and
sodium silicate (Na20, SiO2), compressive strength, flexural strength.

1. INTRODUCTION
The global warming is caused by the emission of greenhouse gases, such as CO2, CO to the Atmosphere by
human activities. Among the green house gases, CO2contributes about 65% of global warming. The cement
industry is responsible for about 7% of all CO2 emissions, because the production of one ton of Portland
cement emits approximately one tone of CO2 into the atmosphere.In this respect, the geo-polymer technology
proposed by Davidovits shows considerable promise for the concrete industry as an alternative binder to OPC
.In terms of reducing the global warming, the geo-polymer technology could reduce the CO2 emission to the
atmosphere caused by cement and aggregates industries by about 80%. One of the efforts to produce more
environmentally friendly concrete is to reduce the use of OPC by replacing the cement in concrete with geo-
polymers (i.e. 100% fly ash in place of OPC). Concrete usage around the world is second only to water.
Ordinary Portland cement (OPC) is conventionally used as the primary binder to produce concrete. The
environmental issues associated with the production of OPC are well known. The amount of the carbon dioxide
released during the manufacture of OPC due to the calcinations of limestone and combustion of fossil fuel is in
the order of one ton for every ton of OPC produced.
In addition, the extent of energy required to produce, OPC is only next to steel and aluminum. On the other
hand, the abundant availability of fly ash worldwide creates opportunity to utilize this by-product of burning
coal, as a substitute for OPC to manufacture concrete. When used as a partial replacement of OPC, in the
presence of water and in ambient temperature, fly ash reacts with the calcium hydroxide during the
hydration process of OPC to form the calcium silicate hydrate. This research was therefore dedicated to
the development, the manufacture, and the engineering properties of the fresh and hardened low-calcium
(ASTM Class F) fly ash-based geo-polymer concrete.
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2. LITERATURE REVIEW

FRANTISEK SKVARA:

Investigated the synthesis of geopolymer their microstructure and properties of concrete. The results showed
that the mixtures containing higher percentage of fly ash exhibit a different rheological behavior. Both the
static and dynamics viscosity of the geopolymer concrete are substantially higher. The strength values of
pastes, mortar and concrete of the geopolymer on the basis of fly ashes increased from is to 70 Mpa after 28
days .The compressive strength measured after 28 days ranged from 100 to 160 Mpa.

JAMES ALDRED

Concluded that the term geopolymer was used to described the inorganic aluminosilicate polymer gel resulting
from reaction of amorphous aluminosilicates with alkali hydroxide and silicate solution. The some others
names was also identified in the literature , such as alkali- activated cement , inorganic polymer concrete and
geocement was has been used to describe materials synthesized. Geopolymer binders was covered a wide
range of possible source materials and activators. The low shrinkage, heat of hydration and high tensile strength
means that the materials have been technical advantages over traditional concrete. The most common concrete
grades was used and the compressive strength 32 and 40 Mpa and the cylinder strength is measured up to 70
Mpa.

H.J.H.BROUWERS

Described that the dissolution of pulverized powder coal fly ash. This fly ash was modeled as hollow
spheres and a shrinking core model was derived for these hollow spheres that contain two regions first
one is outer hull and the other is inner region. The following thermodynamics properties of the studied fly
ashes were derived such as the free energy, enthalpy and entropy of reaction. The equilibrium constant and
the experimental data at various temperatures and also the free energy, enthalpy and entropy of reaction are
computed of EFA and LM phase. The data are used to compute the free energy of formation of both glasses.
It said that the free energy of formation is mainly governed by the molar ratio of the major constituents. The
results suggested that the outer layer is poorer in silica and aluminum oxide was concentrated in the exterior
hull.

V. BHIKSHMA, M.KOTI REDDY

Concluded that Efforts to produce more environmentally friendly concrete is to reduced the use of OPC by
replacing the cement in concrete with geopolymer. In geopolymer concrete no cement is used, instead fly ash
and alkaline solution such as sodium hydroxide (NaOH) Sodium silicate (Na20, SiO2) and potassium hydroxide
(KOH) are used to make the binder necessary to manufacture the concrete. One tone of fly ash can be utized for
manufacturing about 2.5 cubic meter of high quality geopolymer concrete. Test experiments proved as fly ash based
geopolymer concrete has excellent compressive strength , suffers very low drying shrinkage, low creep, excellent
resistant to sulphate attack and good acid resistance . Trial mixes were done and noted the properties of the concrete
both in fresh state and in hardened conditions. The workability of the concrete in terms of slump and compacting
factor are observed to be excellent. The geopolymer concrete in fresh state observed to be highly viscous and good
in workable. The mechanical properties such as compressive strength , flexural strength and modulus of elasticity of
concrete in hardened state. The test experiment proved that a concrete of compressive strength of 30 MPa could be
achieved in geoploymer concrete by adopting alkaline solution to fly ash ratio of 0.50 at 16 molarity of
NaOH. The 28 days compressive strength of the geopolymer concrete is measured upto 26.06 Mpa.

NALLOYD, BV RANGAN

Investigated the factors such as curing temperature and regime, aggregate shape, strengths, moisture content,
preparation and grading. It has been founded that geopolymer concrete has good engineering properties with a
Portland cement. It was founded that the geopolymer concrete have potential to reduced the global warming by total
replacement of cement. The factors effected of aggregate particle shape and grading on the properties of
geopolymer concrete is same as that Portland cement concrete. The compressive strength of geopolymer
concrete is increasing up to 20 % the reason that the ambient curing for 24 hrs. For rest of the day and after that
steam curing is done.
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M.KALAIVANI

Represented the reasons to produce eco-friendly concrete to reduce the use of cement by replacing fly ash with
alkaline liquids. The flexural strength of geopolymer concrete is compared with cement concrete. They casted
beam of size 1000* 150* 150 mm for finding flexural strength. The beams was tested at 7, 14 and 28 days.
The flexural strength of geopolymer concrete is increase with increased the molarities. The compressive
strength of the geopolymer concrete was increased with increasing the curing time. The compressive
strength of geopolymer concrete is not affected by the ratio of alkaline liquid to fly ash. The compressive
strength of geopolymer concrete is tested on universe testing machine of 1000 KN capacity and the flexural
strength is tested on two point testing machine. The length of beam is 750 mm .The load was applied on two
points each 250 mm away from centre of the beams. The flexural strength of geopolymer concrete was
measured at 8 molarities and 10 molarities are 57.73KN and 59.35KN.

ABHIJITSINH PARMAR , DHAVAL M PATEL

The 100% cement replaced by the fly ash is to decrease the carbon emission from concrete. The geopolymer
concrete is place of cement by using waste materials as binders and implementing various curing techniques to
provide strength. Geopolymer beams having grade M30 was maded by fly ash by replaced 100% cement and
also alkaline solution used for making geoploymer concrete. The mould was used is 500* 100* 100 mm. The
curing is done by 5 different methods of all moulds natural, self, oven cured, by adding accelerometer as an
admixture and cured by silica fume. The increased silica fume content in geopolymer concrete will decrease
the flexural strength of geopolymer concrete. The maximum flexural strength is gained by the geoploymer
concrete in oven curing. The maximum flexural strength for 28th and 56th days is 15.67 and 17 N/mmz2.

D B RAIJIWALA

Geopolyemer concrete technology was the potential to reduce globally the carbon emission and lead to a
sustainable development and growth of the concrete industry. The influences of alkaline activators on the
strength and durability properties have been studied. The sodium hydroxide is available in plenty and
potassium hydroxide is more alkaline than NaOH, both was added in same amount. The various test was done
in geopolymer concrete such as compressive strength, tensile test, Flexural test, pull out test and durability test
was performed. Spilt tensile strength of GPC increased 1.45 times as compared with controlled concrete and the
flexural strength of GPC increased by 1.6times as compared with controlled concrete. In pull out test, GPC
increases by 1.5 times comparing with controlled concrete. It has been seen that the geopolymer concrete is
cured at 80°c gives best results.

L. KRISHNAN

Concluded that the fly ash based geopolymer concrete is one of which is reduced the carbon di oxide emission.
The main limitation of fly ash based geopolymer concrete are slow setting of concrete at ambient temperature
and the heat curing is provided to reduced the setting time . The alkaline liquid for the polymerization process
was the solution of sodium hydroxide and sodium silicates . Total 36 cubes was casted and tested for 7, 14 and
28 days of its compressive and splitting tensile strength.The geopolymer4 concrete was gain strength in 28
days without water curing. The necessity of heat curing of concrete was eliminated by incorporating GGBS
and fly ash in a concrete mix.The strength of geopolymer concrete was increased with increase in percentage
of ground granulated blast furnace slag and fly ash in a concrete mix. It is observed that the mix F60G40 gave
maximum compressive strength of 80.50 N/mm.

C.ANTONY JEYASEHAR

They are proposed that a alkaline liquid could be used to react with the silicon and aluminum in a source
material of geological origin or in by-product materials such as fly ash was produced cementitious
binders.The mechanical properties of geopolymer concrete such as compressive strength, split tensile
strength and flexural strength have been found out and compared with ordinary Portland cement. The total five
beams is casted of size 125*250*3200 mm and tested. The one beam out of five beams is cement concrete and
remaining four beams is geopolymer concrete with alkali-activator solution. The load deflection and
moment curvature behaviours was obtained from the experimental results and was compared with the
analytical solution.The low calcium fly ash is used for casted geopolymer concrete. The strength of geopolymer
concrete is increased with increasing alkali activator solution/ fly ash ratio. The highest compressivestrength of
GPC is achieved in 28 days is 52.08N/mm2. The tensile strength is achieved in 28 days of GPC is 10.88
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SURESH THOKCHOM

Geopolymer concrete was a new promising binder manufactured by activation of a solid aluminosilicate source
material with a highly alkaline activating solution and aided by heat. The fly ash is a good waste material to
used in geopolymer concrete because is rich in silica and alumina. The experimental study was conducted to
assess the acid resistance of fly ash based geopolymer mortar specimens having percentage Na20 ranging from
5% to 8% of fly ash. The specimens is immersed in 10% sulfuric acid and 10% nitric acid upto a period of 24
weeks and the finding resistance in terms of surface corrosion, residual alkalinity, changes in weight and
compressive strength at regular intervals. Geopolymer mortar specimens manufactured with fly ash and
alkaline activators remained structurally intact and did not show any recognizable change in colour in
sulfuric acid though it turned slightly yellowish in nitric acid solution. Exposure to the solution yielded very low
weight losses in the range of 0.21 to 1.64 across the two solutions. The compressive strength is varied from 44%
to 71% and 40% to 70% in sulfuric acid and nitric acid.

3. METHODOLOGY

Project Objective
In the present Experimental Investigation the following objectives are aimed
e Thevarious type of test is applied on aggregate such as Sieve analysis test, Flakiness test,
Aggregate value test etc.
e The various type of test is applied on sand such as Sieve analysis test, Silt content.
e The various type of test is applied on fly ash such as Soundness test, initial setting and final
setting test.
e To compare the compressive strength of Ordinary Portland Cement concrete cubes and
compressive strength of geo-polymer concrete cubes.

Research Formulation

The Geopolymer concrete is mixture of Fly ash, Alkali solution, Aggregate, Sand and Water. The various test is
done on Fly ash, alkaline solution, Aggregate, Sand. The method used to find the compressive and flexural
strength of Geopolymer concrete by same as the method used to find the strength of cement concrete. But in
cement concrete the curing is done with water and the geopolymer concrete the curing is done under ambient
condition. The main aim of this work is to compare the compressive and flexural strength of geopolymer and
ordinary concrete and to find that the geopolymer concrete can be replaced by cement concrete.

4. EXPERIMENTAL WORK

Testing of materials

> Flyash
Table 1: Properties of fly ash:
Physical properties Properties of Fly Ash used
Initial setting time 120 min.
Final setting time 280 min.
Soundness 1 mm

» Coarse aggregate:-

v Sieve Analysis: This test is done to finding the percentage size of aggregate .In this test
different size of sieve used. This test is done 152386, part 1.
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Plate.2. 20 mm size aggregate

Table 2: Sieve Analysis of 20mm size Aggregates:-

I.S. Sieve Mass Retained | Cumulative % of % Passing |Acceptable Limits (
Designation (ingms.) Mass Retained Cumulative in % age) (IS 2386
(in gms.) Mass Retained part I)
40 mm 0 00 00 10 100
20 mm 1182 1182 9.85 90.15 85 to 100
10 mm 9468 10650 88.75 11.25 0to 20
4.75 mm 1080 11730 97.75 2.2 Oto5
Table3: Sieve analysis of 10 mm size Aggregates
1.S. Sieve Mass Cumulative % of % Passing |Acceptable Limits (in %
Designation | Retained (in Mass Retained | Cumulative age) (IS 2386 , part I)
gms.) (in gms.) Mass Retained
12.5 mm 00 00 100 100 100
10mm 1175 1175 11.75 88.25 85 to 100
4.75mm 7573 8748 87.48 12.52 0to 20
2.36mm 1129 9877 98.77 1.23 0to5

v Determination of Specific Gravity and Water Absorption:

In this test generally a pycnometer used. The diameter of pycnometer is 5Smm and the capacity of pycnometer is
500 ml. The limit of water absorption of aggregate in concrete work is 2% max. And the specific gravity of
aggregate is 3% max allowing in concrete work as per 1.S. Code 2386 part 3. If water absorption is more than
2% than soundness test is done

Table 4: Determination of Specific Gravity and Water Absorption:-

Determination No. 1
Wi. of saturated surface dry sample 630
Wi. of picnometer containing sample and water 1652
WH. of picnometer filled with water 1248
Wi. of oven dried sample 620
Specific gravity on oven dried basis 2.74
Water absorption 1.61

v Flakiness index
In this test find the shape of aggregate. Generally, two types of test done for finding shape of aggregate one is
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flakiness and other is elongation tests. For concrete flakiness test is generally done on concrete work. In this
test the sieve used is 63-50 mm, 50-40 mm, 40-31.5 mm, 31.5-25mm, 25-20 mm, 20-16 mm, 16-12.5 mm,
12.5-10 mm, 10-6.3 mm.

Table 5: Flakiness Index- (1.S5.2386 Part-1)

Sieve Size (mm) | Total wt. of Wt. retained on Wt. passing on
aggregates retained Flakiness gauge flakiness gauge

63-50 00 00 00

50-40 00 00 00

40-31.5 00 00 00

31.5-25 00 00 00

25-20 2980 2555 425

20-16 1660 1352 308

16-12.5 420 214 103

12.5-10 00 00 00

10-6.3 00 00 00

Total 5060 4130 836

v' Aggregate
Impact Value
This test show the behavior of aggregate under sadden load applied in aggregate. This test shows the property of

toughness of aggregate. Firstly the aggregate is passing the sieve 12.5 mm and 10 mm the material is retained in
10mm sieve is taken and test done during this test using the wt. for impact is 14 kg. The passing limit of aggregate

for concrete work is 30 % max. as per 1.S.Code 2386 part 4.

Table 6: Aggregate Impact Value

Sample Weight of | Weight of Weight of Weight of | Weight of | Aggregate
container container + aggregate aggregate aggregate impact
No. (gm) Aggregate(gm) before retained passing on | value(%o)
compaction 236 mm | 236 mm
(am) sieve(gm) sieve(gm)
1 972.6 1299 326.4 253 73.4 22.49
2 972.6 1290.2 317.6 238 79.6 25.06
3 972.6 1291.6 319 246.5 72.5 23.73
Average 23.76

» Fine aggregate:
The various test applied on fine aggregate is sieve analysis, silt percentage. The sand used is zone Il and the

source is river koel.

[41]
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Plate.3 Fine aggregate

v Sieve Analysis of Sand:
This test is done to find the various size of particle in sample. To done this test used sieve is 10 mm, 4.75 mm,
2.36 mm,1.18 mm, 600micron,300 micron,150 micron. This test is coming under 1.S.Code 2386, partl.The

main purpose of sand in concrete to fill fine gap and make hard mass of concrete.

Table7. Sieve Analysis of Sand

I.S. Sieve Mass Cumulative % of % Passing Acceptable

Designation Retained Mass Retained | Cumulative Mass Limits (in% age) (IS
(in gms.) (ingms.) Retained 2386, part 1)

10 mm 0 0 0 1 100

4.75 mm 16 16 3.20 96.80 90 to 100

2.36 mm 42 58 11.60 88.40 7510 100

1.18 mm 152 210 42.00 58.00 55 t0 90
600 micron 70 280 56.00 44.00 351059
300 micron 106 386 77.20 22.80 8o 30
150 micron 72 458 96.60 8.4 0to 10

v' Silt content in sand:
This test is done to find the silt percentage in sand. For road work the value of silt is 8% max. and for

building work the value of silt is 4%max.In this test taking 100 gm sand sample and drop in water
filled in tube and added one spoon salt in water. The salt help to settle the silt partical in less time.

Table 8: Silt content in sand:-

Trail No. 1 2 3
Total volume of sand taken 70 mm 72 mm 80 mm
Volume of sand after submerging 68 mm 70mm 77 mm
Volume of silt after submerging 2mm 2mm 3mm
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\ Silt content % 2.85 2.77 \ 3.75

» Alkali solution:
The alkaline liquid used was a combination of sodium silicate and sodium hydroxide solution. The NaOH
pallets were dissolved in water to make the solution with required molarity and left for 24 hr. After that the
solution silicate was mixed with solution to make geopolymer concrete. The mass of NaOH in a solution is
varied depending on the concentration of the solution expressed in terms of molarity (M). For example NaOH
solution with a concentration of 12M consisted of 12*40= 480 gm of NaOH palletes per litre of solution, where
40 is the molecular weight of NaOH

5. RESULTS AND DISCUSSION
To estimate the compressive strength of cement concrete and geopolymer concrete mixture cubes
are prepared. The test procedure for cement and geopolymer concrete cubes is same. For the cement

concrete mixture and geopolymer concrete cubes, compressive strength test has given following results.

Table n0.9 Compressive strength (N/mm?) of cement concrete after 28 days.
GRADE M-15 M-20 M-25

7 DAYS MEAN 11.33\ 12.00\ 12.09 15.33\ 15.38\ 15.91 18.29\ 19.64\ 19.33
STRENGTH

N/mm? 11.80 15.54 19.08

14 DAYS MEAN 13.78\ 14.56\ 14.22 19.08\ 18.97\ 18.55 24.49\ 24.34\ 24.77
STRENGTH
N/mm2

14.18 18.86 24.53

28 DAYS MEAN | 17.33 \16.93 \ 17.16 24.44 \23.64 \ 23.76 28.18 \27.33 \ 28.76
STRENGTH

N/mm2 17.14 23.94 28.09
Table no. 10 Compressive strength (N/mm?) of geopolymer after 28 days
GRADE 12M 14M 16M
CURING

7 DAYS MEAN 10.33 \17.33 \17.91 21.23 \21.00 \21.59 24.34 124.52 \24.56
STRENGTH
N/mm?2

18.19 21.27 24.47

14DAYSMEAN (2122 [2159 [22.00 [2343 [2376 [2300 [2732 [27.98 [27.12
STRENGTH

N/mm2 21.60 23.39

27.47

28 DAYS MEAN 25.90 \26.12 \26.43 27.23 \27.12 \27.34 31.33 \31.57 \32.00
STRENGTH

N/mm2 26.15 27.23 31.63

M-15 Grade of Concrete and 12M of GEOPOLYMER CONCRETE
< Highest Compressive Strength of cement concrete cubes : (17.33 N/mm?)
< Highest Compressive Strength of geopolymer concrete cubes: (26.43 N/mmg)
< When concrete cubes of M15 grade was compared to geopolymer concrete cubes of 12M it was

seen that the compressive strength is increasing by 9.10 N/mm?

M-20 Grade of Concrete and 14M of GEOPOLYMER CONCRETE
»  Highest Compressive Strength of cement concrete cubes : (24.44 N/mmg2)
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»  Highest Compressive Strength of geopolymer concrete cubes: (27.23 N/mm?)
*  When concrete cubes of M20 grade was compared to geopolymer concrete cubes of 14M it was seen
that the compressive strength is increasing by 2.79 N/mm2

M-25 Grade of Concrete and 16M of GEOPOLYMER CONCRETE
< Highest Compressive Strength of cement concrete cubes : (28.76 N/mm?)
< Highest Compressive Strength of geopolymer concrete cubes: (32.00 N/mmg2)
. When concrete cubes of M25 grade was compared to geopolymer concrete cubes of 16M it was seen

that the compressive strength is increasing by 3.24 N/mm?

6. CONCLUSION

1. After comparing compressive strength of cement concrete (M-15) and geopolymer concrete (12M) at 7,
14 and 28 days . It is concluded that Strength of gopolymer concrete is higher as compared to cement
concrete. The compressive strength of geopolymer concrete in 28 days is 26.15 N/mm2and the
compressive strength of cement concrete in 28 days is 17.14 N/mm2.

2. After comparing compressive strength of cement concrete (M-20) and geopolymer concrete (14M) at 7,
14 and 28 days . It is concluded that Strength of gopolymer concrete is higher as compared to cement
concrete. The compressive strength of geopolymer concrete in 28 days is 27.23 N/mm2and the
compressive strength of cement concrete in 28 days is 23.94 N/mm2.

3. After comparing compressive strength of cement concrete (M-25) and geopolymer concrete (16M) at 7,
14 and 28 days. It is concluded that Strength of gopolymer concrete is higher as compared to cement
concrete. The compressive strength of geopolymer concrete in 28 days is 31.63 N/mm2and the
compressive strength of cement concrete in 28 days is 28.09 N/mm2.
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