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Abstract: Ordinary Portland Cement (OPC) is used for
construction globally whose production is an extremely energy-
intensive process. Waste material has gained attention among
researchers as replacement cement to fly ash in concrete
making. The sense of using waste materials in concrete not only
of the economic factor but the more significant aspect is to
protect the environment since more solid waste are produced day
by day. This causes the pollution in water bodies and loss of
productive land.

Geo Polymer composites are possible alternates to OPC and
other blended cements. Thisis due to the high early strength and
improved durability evidenced by resistance against acid and
sulphate attack, apart from environmental effects (COz2 let into
atmosphere in case of OPC). In various parts of the world,
considerable researches in the field of Geo-polymer composites
are conducted. Hence the experimental investigations are
executed to study the effect of use of fly ash and Geo polymer as
a replacement of cement.

The material properties were studied, based on their properties,
reference mix Mzs and Maso were designed. 12 specimens tested
for workability test and compressive strength. Also, we have
replaced cement to fly ash with 40, 60 percentages. For each
mix, workability test and strength test was conducted for 9
specimens.
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I. INTRODUCTION

Fly ash is the by-product of thermal power stations which

use pulverized coa as fuel. The major source of fly ash in
our country is thermal power plants which is around 125 in
number. The research works has shown good results with
respect to strength and durability by replacement of cement
with fly ash. Since fly ash has been used there is need of use
of certain chemicals such as sodium hydroxide and sodium
silicate. For an instant it can considered that fly ash is a
dead materials which doesn’t have any binding properties
which we are making it to behave as a cementitious
properties. We need chemicals for such reaction. Recent
Development Geo-polymer composites are possible
alternates to OPC and other blended cements.
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Unlike Portland Cements, it consumes no energy which is
required for clinker formation in OPC. It has no
environmental effects. OPC performs poor in adverse
conditions which is attributed to the high CaO content in
acids and also forms gypsum and ettringite when exposed to
sulphates. Since Geo-polymer relies on aumina silicate,
rather than calcium silica hydrate as bonds for structural
integrity, they have been reported as being acid resistant.
Adding fly ash in Geo-polymers improves durability by
reducing permeability, improves strength with aging,
improves workability and is environment friendly. Fly ash
based Geo-polymers have attracted much attention for the
past two decades.

II. MATERIALSAND PROPERTIES

B. Fly Ash

Table-l shows the chemical composition of Fly Ash.
Fly ash is fine powdered particles with spherical shape,
glassy and amorphous. The particle size is less than
0.075mm and specific gravity is about 2.1 to 3.0 with
colour tan grey to black depending upon the presence of
unburnt carbon in the ash.

Table-l: Chemical Composition of Fly Ash

Chemical Composition|% Weightof Fly Ash
Silicon dioxide, SIO2 55.3
/Aluminium oxide, Al20 25.7
Ferric oxide,Fe202 53
Calcium oxide, CaO 5.6
M agnesium oxide, MgO| 21
Titanium oxide, TiO2 13
Potassium oxide, K20 0.6
Sodium oxide, Na20O 04
Sulphur trioxide, SO2 14
LOI (1000°C) 1.9

Fly ash sand —lime —Gypsum cement/ bricks/ blocks, Fly ash
tiles, Interlocking pavers, Glass and ceramics, Geotechnical
application, Soil stabilizer, Structura fill, Pavement
congtruction, Embankment, Agricultural application, Soil
amendments, Fly ash and Low cost adsorbents

C-SH gel is produced as the reaction due to the high
amount of silica and alumina that binds aggregates together
to the strength which prevents deterioration and corrosion.
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Fly ash contains reactive elements which converts free lime
into reactive C-S-H gel resulting in less heat of hydration,
thermal cracks in concrete and improves workability of
concrete. The spherical shape of fine particles of fly ash
gives better concrete finish makingthe mix homogenous
thus

reduces bleeding and segregation. The cost of fly ash is
generally less than Portland cement.

C. Geo Polymer
Geo-polymers are inorganic polymeric binding materials
which involve a chemical reaction between solid alumino-
silicate oxides and alkali metal silicate solution under
highly akaline condition yielding amorphous to semi-
crystalline three dimensional polymeric structures, which
consist of Si-O- Al bonds. The Geo-polymerisation is
exothermic and takes place under atmospheric pressure at
temperature below 1000°c. The exact mechanism by
which Geo- polymer setting and hardening occurs is not
fully understood.The polymerization by the alkaline can
be shown as:

N(Siz05,Al,0,)+2nSi Oy+4nH,Omm  n(OH);-Si-O-Al-O-Si-(OH)3
N(OH)3-Si-O-Al-O-Si-(OH) s (Na,K)-(Si-O-Al-O-Si-O)+
4nH,0
A combination of sodium silicate solution and sodium
hydroxide pellets can be used for preparing the akaline
liquid. The NaOH solution is made in different molars.
The sodium silicate solution is commercialy available in
different grades. The sodium silicate solution with SiIO2-
to-NaxO ratio by mass of approximately, SiO, = 15.89%,
NaO = 4.37%, and water =79.74% by mass. The sodium
hydroxide with 97-98% purity, in flake or pellet form, is
commercialy available. Table-1l shows the properties of
Sodium Silicate solution and Table Il shows the
properties of Sodium Hydroxide

Table-l1: Properties of Sodium Silicate

[1l. PERIMARY INVESTIGATIONS

A. MaterialsUsed

= Cement-Ultratech brand, OPC 53 grade cement Fine
= Aggregate-River sand from kollidam river bed
= Coarse Aggregate-Hard blue granite of size 20

mm and 12.5mm of angular shape.
= Water-Tap water with pH value satisfying the IS

code.

= Fly Ash- Fly ash obtained from NLC at Neyveli.

= Alkaline Activators-Sodium Hydroxide and
Sodium Silicate obtained from Jayalakshmi
Chemical Centre at Trichy.

B. Propertiesof Materials Used
Fineness modulus of cement = 8.3
Specific gravity of cement = 3.15
Fineness modulus of fine aggregate =
Specific gravity of Fine Aggregate = 2.625

Water absorption of Fine Aggregate = 1%

3.00

Fineness modulus of coarse aggregate = 7.3
Specific gravity of coarse aggregate = 2.62
Water absorption of coarse Aggregate = 0.06%
Aggregate-River sand from kollidam river bed
Based on the preliminary tests the mix design for Mz
and M3 grade of concrete were designed in the

following chapter.

Concrete Mix Design Ratio
Table -1V shows the concrete mix design ratios
for M2s and M3 grade of concrete.
Table-IV: Concrete Mix Design Ratio

Grade of wic Cement Fine Coarse

Concrete Aggregate Aggregate
M25 0.4271 1 1.18 2.62
M30 0.3758 1 0.972 2272

solution
Parameter Value
Sodium oxide, Na0 4.37%
Silicate, SIO, 15.89%
/Appearance Liquid(Gel)
Colour Light yellow liquid(Gel)
Molecular Weight 184.04

Table-I11: Properties of Sodium

Hydroxide
Chemical Properties Per centage by Mass

Carbonate(Na,CO3) 2%
Chloride (Cl) 0.01%
Sulphate (SO.) 0.05%
Potassium (K) 0.1%
Silicate (SiO.) 0.05%
Zinc (Zn) 0.02%
Heavy metals (as Ph) 0.002%
Iron (Fe) 0.002%
Minimum assay 97.0%
Molarity 16

Retrieval Number: A5034119119/2019©BEIESP

D. Geo-polymer Concrete Mix Design Ratio

Table -V shows the Geo-polymer concrete mix design
ratios for M2s and Mo grade of concrete.

Table-V: Geo-polymer Concrete Mix Design Ratio

Grade of Fly FA CA Extra NaOH | Na;SiOs
Concrete Ash Water
Mos 1] 1081 234 0.03 0.1714 | 042
Mazo 1] 08 173 0.03 0.1743 | 0.436

E. Geo-polymer Specimen detailsfor M 25 Grade

Table-VI shows the Geo-polymer specimen
details for M25 Grade concrete

Table-VI: Specimen detailsfor M 25
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Grade
Mix Type of Dimension [ o W | Typeof
) specimen (mm) : curing
V130 Cube 150x150x150 6 |Water
-+, 0. "
R(ﬁgo‘ié&‘gih Cube 150x150x150 3 Steam
B0 OO0y Cube 150x150x150 3 Steam
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F. Geo-polymer Specimen detailsfor M 30 Grade

Table-VII shows the Geo-polymer specimen details
for M30 Grade concrete.

Table-VII: Specimen detailsfor M 30 Grade

Mix Typeof| Dimension |\ oo | Typeof
specimen  (mm) curing
M30 Cube |150x150x150] 6 | Water
R+60% Fly Ash
(M25-GC100) Cube [150x150x150 3 Steam

G. Steam Curing

We can cure specimens in Steam Curing with
temperature 60°C - 90°C. On curing GPC with 60°C for
24 hours, the results are satisfactory for GC-40, GC-60,
when compared to 7days curing of Reference Concrete.
On curing GPC with 60°C for 24 hours, the results are
satisfactory for GC-40 and GC-60, when compared to 28
days curing of Reference Concrete. S0 it is necessary to
increase thetime for Steam Curing.

V. TEST RESULTSANDDISCUSSIONS

Experimental tests were carried out on series of mixes to
evaluate the workability and strength characteristics based
on adding fly ash and Geo Polymer.

A. Resultsof sump conetest

Table —VIII and Table-1X shows the Slump Value For
Mso Grade and MysGrade Concrete. Concrete mix with
40%, 60% of Fly Ash and Geo Polymer (1:2.5) shows
good workability.

Table-VIII: Slump Value For M3 Grade

Slump
Grade of e -
Concrete Identification Valuein
mm
M30 RCs 123
R+40% Fly Ash
(M30-GC40) G40 195
R+60% Fly Ash
(M30-GC60) G60 200

Table-1X: Slump valuefor M ,sGrade

Slump
Grade of e -
Concrete Identification Valuein
mm
|V|30 RC30 123
R+40% Fly Ash
(M30-GC40) G40 195

B. Compressive strength in 7 days, 28 daysand 24
hourscuring

After 24 hour’s compressive strength results found that
GC40, GC60 show the highest strength when compared
with 7 days of control concrete. After 24 hours
compressive strength results found that GC40 and GC60
show the highest strength when compared with 28 days of
control concrete.

Figurel and 2 shows the variations in Compressive
Strength after 7 days and 28 days after 24 hours curing for

Mzograde of concrete,
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Table—X and Table-XI shows Compressive strength
in 7 days, 28 days and 24 hours curing for Mz and
MasGrade Concrete.

Table-X: Compressive strength in 7 days, 28 days and
24 hours curing(M z0)

Aver age Compressive strength

Per centage of fly in 7 daysand 24 hours

ash
(N/mm?)
Mz—R 22.05
(M2-GC40)
(M2-GC60)

Aver age Compr essive strength

Percentage of fly in 28 daysand 24 hours

ash
(N/mm?)
Ms—R 30.02
(M3o-GC40)
R+60% Fly Ash 30.31
(Mso-GCB0)
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Fig.1. Variationsin Compressive Strength after 7 days

and 24 hourscuring
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Fig.2. Variationsin Compressive Strength after 28
daysand 24 hourscuring

After 24 hour’s compressive strength results found that
GC60 show the highest strength when compared with 7
days of control concrete. Figure.3 and 4 shows the
variations in Compressive Strength after 7 days and 28 days
after 24 hours curing for M s grade of concrete.
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Table-XI: Compressive strength in 7 days, 28 daysand Table-XI11: Compressive strength of GC-40(24 hrs)
24 hour s curing(M 25) Compressive  [Average [Corresponding
Average Compressive strength in 7 Cube Ultimate Strength Value |weight of cube
Per centage of fly ash daysand 24 hours (N/mm?) mark L oad (kgf) (N/mm?) (N/mm?) |inKg
Mzs-R 19.50
R+60% Fly Ash 22.02
(M25-GC60) GC40-1 | 95616.72 | 41.69 8.32
/Aver age compr essive strength in 28 GC40-2 94597.35 | 41.24 2142 8.45
Perce”ﬁe offly  ljaysand 24 (N/mm?) GC40-3 | 9480122 | 4133 8.20
Mas-R 26.10 Compressive strength resultsat 28 days M 30 (RC)
R+60% Fly Ash 22.02 Carl 680 3022 85
(M25-GC60) — : :
a0 675 3111 | 4500 8.3
C0-3 690 30.66 85

COMPRESIVE STRENGTH FOR M25 GRADE :
Table-XIV shows Compressive strength results for GC-

CONCRETE
. 60(24 hrs) of M3, concrete cube
= 2 2.0 .
9 us Table-XIV: Compressive strength of GC-60(24 hrs)
21
E 205 Ultimate | Compressive |Average Correspon
- . .
uvj : 192_2 %5 Cube Load Strength Value ding weight
2 4 k 2 2 of cubein
2 2 185 mar (k) (N/mm?) (N/mm?) .
0 g
o 18
S M25-R M25-GC60 GCB0-1 68600 29.91 8.42
8 MIXES
: . . -2 7 ) .
Fig.3. Variationsin Compressive Strength after 7 days eeeo 0400 3069 30.31 833
and 24 hourscuring GC60-3 | 69600 30.35 8.20
- COMPRESIVE STRENGTH FOR M25 GRADE )
g CONCRETE D. Compressive strength of M s concr ete cubecasted
g 7 . Table-X11 and Table-XI11 shows Compressive strength
o E 2 results at 7 days and GC-60 for M5 grade concrete.
>
= & 4
42 n Table-XV: Compressive strength of M 25 at 7 days (24
£ 2 20 hrs)
s 2
8 ig c . A Correspondin
M25-R M25-GC60 Cube Ultimate ompressive Ve g weight
MIXES mark L oad Strength Valuez of cubein Kg
Fig.4. Variationsin Compressive Strength after 28 (KN) (N/mm?) - IN/mm
daysand 24 hourscuring = T 55 57
- 307 . B
C. Compressive strength of Mz concrete cubecasted Co2 390 1733 _ 862
Table-XI1 and Table-X111 shows Compressive strength Cor3 410 18.22 863

results at 7 days and GC-40 for M3, grade concrete Table-XV: Compressive strength for M 25 of GC-

Table-X11: Compressive strength resultsat 7 days M 30 _ 60(24hrs) _
(RC) Ultimate Correspondi-
Cube L oad Compressive | AVG. | g weight of
Cubemark |Ultimate Compressive | Average CO”_SP mar k Strength value | ¢ipeinkg
Load (KN) Strength value | Nding (kg (Nmm?)— [N/mm?
weight of
(N/mm?) (N'mm?  |eubein
Kg G60-25-1 50000 21.80 8.00
Cosl 345 1533 1950 8.28 G60-25-2 50600 22.06 2202 8.31
Cos2 375 16.66 : 8.40 :
2 G60-253 | 51000 2224 8.10
Cx-3 330 14.66 8.29
Compressive strength test resultsat 28 days M 25 (RC) E. Cost Analysis
Cos-l . . . .
CZS 5 580 2577 26.10 85 Rate of material per cubic feet is considered. Table-
- 600 26.27 84 | XVII and Table-XVIII
Gl 570 2533 8.65 shows the rate of different

materials used and the rate
of materials per kg
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Table-XVII: Rate of Materials

Materials Quantity Rate in“Rs.”
Cement 1 bag 340
Fine Per cft 43
aggregate
Coarse Per cft 40
aggregate
NaOH 1Kg 55
Na,SO; 1litre 15

Table-XVIII: Rate of materials per kg

Materials Rate in “Rs.”
Cement 6.80
Fine aggregate 152
Coarse 1.42
aggregate
Fly Ash 0.50
NaOH 35
Na,SO; 15

V. CONCLUSION

The molarity and ratio of chemicals must be reduced, which
will reduce the cost for chemicals. The workability for all
the GC is twice when compared to Reference Concrete. So
sand can be replaced with M-Sand or Bottom Ash, which
will reduce the cost for sand. By increasing the time and
temperature of steam curing, the strength of GC increases.
By considering the above three points, we can increase the
strength of GC and reduce the cost when compared to
Reference concrete.

Steam cured low calcium fly ash with geo-polymer gives
several  benefits over OPC including strength,
environmental and economical benefits. In this project the
experimental investigations carried out to study the effect of
use of fly ash and geo polymer as a replacement of cement
on the workability and compressive strength of concrete.
Concrete mix with 40%, 60% of fly ash and Geo polymer
shows good workability. Compressive strength results
found that GC40, GC60 show the highest strength when
compared with 7 days and 28 days of control concrete.
Geo-polymer concreting comparatively needs further
research and can be one of the best replacements to the
cement in the near future. Finding of our study shows that
there is a lot of future scope in the field of Geo-polymer
concreting and its uses in civil engineering structures and
the devel oping the countries infrastructures.
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