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ABSTRACT: The present investigation aims to study the strength properties of class F fly ash (FA) based geo polymer
concrete (GPC) using granite slurry powder (GS) as sand replacement at different levels (0%, 20%,40% and 60%).
Sodium silicate (Na,SiO3) and sodium hydroxide (NaOH) solution has been used as alkaline activator. In the present
investigation it is proposed to study the engineering properties of GPC (FA50-GGBS50) viz. compressive strength,
split tensile strength after 7, 28 and 90 days of ambient room temperature curing. From the results, it is concluded that
the increased replacement level of granite slurry powder (GS) increased the compressive strength, splitting tensile
strength values of GPC mixes. Results recommended using GS as sand replacement in fly ash and GGBS blended GPC
mixes.
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I. INTRODUCTION

It is widely known that the production of Portland cement consumes considerable energy and at the same time
contributes a large volume of CO, to the atmosphere. The climate change due to global warming has become a major
concern. The global warming is caused by the emission of greenhouse gases, such as carbon dioxide (CO,), to the
atmosphere by human activities. The cement industry is held responsible for some of the CO, emissions, because the
production of one ton of Portland cement emits approximately one ton of CO, into the atmosphere. Due to increasing of
developments in infrastructure, the conventional concrete use will be more in future and the demand of cement will
also be increased. Approximately it is estimated that the consumption of cement per year is more than 2.2 billion tons
However, Portland cement is still the main binder in concrete construction prompting a search for more
environmentally friendly materials. Several efforts are in progress to supplement the use of Portland cement in concrete
in order to address the global warming issues. These include the utilization of supplementary cementing materials such
as fly ash, silica fume, granulated blast furnace slag, rice-husk ash and metakaolin, and the development of alternative
binders to Portland cement. One possible alternative is the use of alkali-activated binder using industrial by-products
containing silicate materials. In 1978, Davidovits (1999) proposed that binders could be produced by a polymeric
reaction of alkaline liquids with the silicon and the aluminium in source materials of geological origin or by-product
materials such as fly ash, GGBS and rice husk ash. He termed these binders as geopolymers [1]. The most common
industrial by-products used as binder materials are fly ash (FA) and ground granulated blast furnace slag (GGBS). In
2001, when this research began, several publications were available describing geopolymer pastes and geopolymer
coating materials. However, very little was available in the published literature regarding the use of geopolymer

Copyright to IJIRSET DOI:10.15680/1JIRSET.2016.0508203 15779



D QET ISSN(Online): 2319-8753
]II RSET ISSN (Print): 2347-6710
International Journal of Innovative Research in Science,

Engineering and Technology
(AN I1SO 3297: 2007 Certified Organization)

Vol. 5, Issue 8, August 2016

technology to make low-calcium (ASTM Class F) fly ash and GGBS based geopolymer concrete. The research
reported in this thesis was dedicated to investigate the process of making fly ash and GGBS based geopolymer concrete
and the short-term engineering properties of the hardened concrete [2-6].

Il. EXPERIMENTAL STUDY

The objective of this project is to study the mechanical properties of fly ash and GGBS blended GPC mixes using
Granite Slurry powder as replacement of fine aggregate for 0%, 20%, 40% and 60%. Compressive strength test was
conducted on the cubical specimens for all the mixes after 7, 28, and 90 days of curing as per IS 516 [7]. Three
cubical specimens of size 150 mm x 150 mm x 150 mm were cast and tested for each age and each mix. Splitting
tensile strength (STS) test was conducted on the specimens for all the mixes after 28 and 90 days of curing as per IS
5816 [8]. Three cylindrical specimens of size 150 mm x 300 mm were cast and tested for each age and each mix.

I1l. MATERIALS AND ITS METHODS

1. Fly ash: In the Present investigation Class F fly ash produced from Rayalaseema Thermal Power Plant (RTPP),
Muddanur, A.P was used. The chemical and physical properties are presented in the Table 3.1

2. Ground granulated blast furnace slag: In this experimental study ,Ground granulated blast furnace slag is
collected from the Astra chemicals, Chennai, and it is used for manufacturing of GPC. The Physical and Chemical
properties are presented in the table 3.1

Table 3.1. Physical and Chemical properties of GGBS and Fly ash

. Class ASTM C 618
Particulars “F” fly ash Class “F” fly ash GGBS

Chemical composition

% Silica(SiO,) 65.6 30.61

% Alumina(Al,O5) 28.0 16.24

% Iron Oxide(Fe,05) 3.0 FeSOIO>2;-O Al2Ost 0.584

2\Y3

% Lime (CaO) 1.0 34.48

% Magnesia(MgO) 1.0 6.79

% Titanium  Oxide 05 i
(TiOy) '

% Sulphur Trioxide

0.2 Max. 5.0 1.85

(SOs)

Loss on Ignition 0.29 Max. 6.0 2.1
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Physical properties

Specific gravity 2.24 2.86

360 Min.225 m%/kg 400

Fineness (m%/Kg)

3. Coarse aggregate: Crushed granite stones of size 20 mm and 10 mm of coarse aggregate are used. The specific
gravity in oven dry condition is 2.58 and water absorption of the coarse aggregate 20 mm and 10mm as per IS code is
0.3% respectively. The gradation of coarse aggregate was determined by sieve analysis and it is presented in the table
3.2 and 3.3. The grading curves of the coarse aggregated are shown in Fig 3.2 and 3.3. (Quantity taken=5kg)

Table 3.2 Sieve analysis of 20 mm Coarse aggregate

Sieve Weight Percentage Cumulative Cumulative percent passing
S.No size retained weight pe\:vﬁgmge IS 383 (1970)
(mm) (gm) retained retained 20 mm Limits
1 20 358 7.16 7.16 92.84 85-100
2 16 2428 48.56 55.72 44.28 N/A
3 12.5 1249 24.98 80.7 19.3 N/A
4 10 582 11.64 92.34 7.66 0-20
5 4.75 376 7.52 99.86 0.14 0-5
Table 3.3 Sieve analysis of 10 mm Coarse aggregate
Weidht Cumulative Cumula;;\slzanpercent
S No Sieve size retai%e d Percentage percentage P ?S 383
' (mm) (gm) weight retained weight 1 107
g retained 0 mm (_ S .0)
limits
1 10 16 0.32 0.32 99.68 85-100
2 4.75 4546 90.92 91.24 8.76 0-20
3 2.36 318 6.36 97.6 2.4 0-5
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IV. Mix DESIGN

Assume that normal-density aggregates in SSD condition are to be used and the unit-weight of concrete is 2400 kg/m°.
Take the mass of combined aggregates as 77% of the mass of concrete, i.e. 0.77x2400=1848 kg/m®. The combined
aggregates may be selected to match the standard grading curves used in the design of Portland cement concrete
mixtures. For instance, the coarse aggregates (70%) may comprise 776 kg/m* (60%) of 20 mm aggregates, 517 kg/m®
(40%) of 10 mm aggregates, and 554 kg/m® (30%) of fine aggregate to meet the requirements of standard grading
curves.

The mass of geo polymer binders (fly ash and GGBS) and the alkaline liquid = 2400 — 1848 = 552 kg/m?®. Take the
alkaline liquid-to-flyash + GGBS ratio by mass as 0.35; the mass of fly ash + GGBS = 552/ (1+0.35) = 409 kg/m® and
the mass of alkaline liquid = 552 — 409 = 143 kg/m®. Take the ratio of sodium silicate solution-to-sodium hydroxide
solution by mass as 2.5; the mass of sodium hydroxide solution = 144/ (1+2.5) = 41 kg/m®; the mass of sodium silicate
solution = 143 — 41 =102 kg/m®. The sodium hydroxide solid (NaOH) is mixed with water to make a solution with a
concentration of 10 Molar. This solution comprises 40% of NaOH solids and 60% water, by mass.

For the trial mixture, water-to-geopolymer solids ratio by mass is calculated as follows: In sodium silicate solution,
water = 0.559x102 = 57 kg, and solids = 102 — 57 = 45 kg. In sodium hydroxide solution, solids = 0.40x41 = 16 kg, and
water = 41 — 16 = 25 kg. Therefore, total mass of water = 57+25 = 82 kg, and the mass of geopolymer solids = 409 (i.e.
mass of fly ash and GGBS) + 45 + 16 = 470 kg. Hence, the water-to-geopolymer solids ratio by mass = 82/470 = 0.17.
Extra water of 90 litres is calculated on trial basis to get adequate workability. Super plasticizer was added to maintain
adequate workability.

Table 4.1: GPC mix proportions

Materials Mass (kg/m)
FA50-GGBS50-GS0 FA50-GGBS50-GS20 | FA50-GGBS50-GS40
Coarse aggregate 20 mm 776 776 776
10 mm 517 517 517
Fine aggregate Sand 554 443.2 3324
GS 0 110.8 221.6
Fly ash (Class F) 204.5 204.5 204.5
GGBS 204.5 204.5 204.5
Sodium silicate solution 102 102 102
Sodium hydroxide solution 41 (10M) 41 (10M) 41 (10M)
Extra water 90 90 90
Super plasticizer 2.86 2.86 2.86
Alkaline solution/ (FA+GGBS) 035 035 035
(by weight)
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V.MECHANICAL PROPERITIES OF GPC

Table 5 shows the compressive strength and splitting tensile strength of GPC mixes (FA50-GGBS50-GS0, FA50-
GGBS50-GS20, FA50-GGBS50-GS40 and FA50-GGBS50-GS60) at different curing periods.

Table 5.Compressive and Splitting tensile strengths of GPC

Mechanical Age FA50- FA50- FA50- FA50-
property (days) | GGBS50- GGBS50- | GGBS50- | GGBS50-
GS0 GS20 GS40 GS60
Compressive 7 39.22 42.28 44.14 46.43
strength, f°. 28 53.5 55.09 57.42 59.66
(MPa) 90 64.88 67.02 68.36 69.53
Splitting 7 2.25 2.44 2.85
tensile ' 2.93
strength, fy 28 3.45 3.56 3.73 3.89
(MPa) 20 3.66 472 4.85 491

From the results, it is concluded that GS acts as filling material which fills the voids of the concrete and hence makes
the concrete dense. Hence from the Figure 1 and Figure 2, it is concluded that the increased replacement level of GS
increased the mechanical properties of FA and GGBS blended GPC mixes at ambient room temperature curing.
Keeping in view of sustainability, GS can be used as partial replacement of sand in FA and GGBS blended GPC mixes.

70 5
I

HZ ) , 5 4+
B 50 WFA50-GGBS50- z BFAS50-
ﬁ E 2 GSO = z 37—, GGBS50-GS0

B A il B _ |
%> 30 mFA50-GGBS50- W g2 mFAS0-
= E = 10 4 GS20 g = GGBS50-GS20
8 2 (- . . IFA50-GGBS50- E 0 - - - 1 mFAS0-

AGE (IN DAYS) “ AGE (IN DAYS)
Figure 1. Compressive strength versus age Figure 2. Split Tensile Strength versus age

VI.CONCLUSIONS

Based on the test results, the following conclusions are drawn:

1. The increased level of GS replacement increased the compressive strength, splitting tensile strength values of GPC
at all curing periods.
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From the results it is concluded that GS acts as filling material which fills the voids of the concrete and hence
makes the concrete dense.

Granite slurry powder can be used as partial replacement of sand in FA and GGBS blended GPC mixes.

Keeping in view of savings in natural resources, sustainability, environment, production cost, maintenance cost
and all other GPC properties, it can be recommended as an innovative construction material for the use of
constructions.
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