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Abstract— This paper describes the design of high strength 

Geopolymer Concrete. The experimental work includes the 

manufacturing design process of Geopolymer concrete by 

using various materials such as water, alkaline activated 

solution i.e. Na2Sio3, NaOH with various ratios, molarities 

of NaOH and at various dosages of admixture. Class F fly ash 

and alkaline solution is used as cementatious material. GPC 

Cubes having dimensions (150 X 150 X 150) mm is casted 

then demould after one day and cured at various elevated 

temperature at 1500. Cured specimen tested after 3, 7 and 14 

days by using CTM. 
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I. INTRODUCTION 

Today’s world is a concrete world for global construction 

industries. While in manufacturing process of cement, The 

Global cement industry contributes around 1.35 billion tones 

of Green House Gas emissions annually or @ 7% of total man 

made Green House Gas emissions to the earth atmosphere 

[1,2]. As well as the manufacturing of cement; it emits large 

amount of CO2 in the atmosphere. This CO2 emission 

increases the temperature and result in an increase in the 

Global Warning. Therefore in very near future there will be 

adverse impact on cement production and on construction 

industries. 

II. LITERATURE SURVEY 

Mc- Caffery R. [2] suggested three alternatives to reduce the 

amount of CO2 from these cement industries. 1) To decrease 

the amount of calcinide material in the cement, 2) to decrease 

the amount of cement from the concrete and 3) to reduce the 

number of buildings i.e. construction industries using cement. 

Mehta P.K. [3] also proposed the two stages in the production 

of environmental friendly concrete. 1) A short term effort also 

known as an industrial ecology in  an attempt to use fewer 

natural resources, and to utilize the less energy and 

minimized CO2 emission and 2) the long term view is to 

reduce the impact of unwanted industrial by- products  by 

lowering the rate of material consumption. The development 

of GPC is an important step towards the production of eco- 

friendly concrete. GPC is an inorganic compound made up 

from alumino- silicates [4] in an amorphous form. 

The GPC is produced by totally replacing the OPC. 

Therefore GPC technology not only substantially reduces 

CO2 emission from cement industries, but also utilizes the 

waste materials like fly ash(FA), silica fume(SF), GGBS etc.. 

It is to be noted that the fly ash is one of the possible basic 

source material for making GPC. The fly ash is available 

worldwide and its usage is very limited [1, 5, 6]. Therefore 

productions of fly ash based GPC is very important step 

towards the production of eco- friendly concrete. 

 

As GPC is the new concrete in worldwide 

perspective, the properties of fresh and hardened concrete are 

yet to be studied systematically. It is observed that the fresh 

GPC has stiff consistency and high viscosity [7,8].This 

research paper is an attempt to present research data of 

various parameters affecting the compressive strength of 

GPC and to present the simplified Design procedure based on 

the various trials conducted for the same. 

Davidovits founder of GPC [9,10] claims that the 

Egyptian Pyramids were built by casting GPC on site and 

reported that this concrete has excellent mechanical 

properties; does not dissolved in acidic solution, and does not 

generates any deleterious Alkali- Aggregate-Reaction (AAR) 

even in the presence of high alkalinity [4]. Some of the 

applications of GPC are in Marine structures constructions, 

Precast Concrete Products such as railway sleepers, sewer 

pipes etc. Only limited research data on GPC is available. 

Earlier work by D. Hardjito, S, E. Wallah, D.M.J. Sumajouw 

and B.V. Rangan [11, 12] reported that the manufacturing 

process and effects of various parameters such as  elevated 

curing temperature, curing time,  ratios of Sodium silicate to 

sodium hydroxide ,  and admixture dosages are reported on 

compressive strength of GPC. 

III. EXPERIMENTAL WORK 

A. Materials Required: 

FLY ASH :- The fly ash is obtained from thermal 

power station situated at Parali Vaijanath, Maharashtra State, 

India. Low calcium fly ash having Grade class F is used in 

manufacturing process of GPC. The chemical composition of 

fly ash is shown in following table, which obtained from test 

reports of CSRL laboratory Pune, Maharashtra, India 
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Table 1: Chemical composition in fly ash 

NaOH:- NaOH is available in pallets form, its purity 

ranges from 97 to 98% .It is used in terms of its 8 to 13 

Molarities. 

NA2\SIO3:- It is available in the paste form. The 

chemical composition Na2O = 14.7% and SiO2=29.4% and 

water 55.9% by the mass for 1 lit., is specified on manufacture 

specification given on its label.  

WATER:-Potable water which is available in 

laboratory is used for mixing. 

AGGREGATES:- Two types of coarse aggregates 

(10mm and 20mm) confirming IS 383-1970 obtained from 

Sangavee, Dist. Aurangabad and Fine aggregate (Natural 

sand) confirming IS 383-1970 obtained from Godavari river, 

Paithan, Dist. Aurangabad are use for making GPC. 
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ADMIXTURE:- Naphthalene based super 

plasticizer is used. 

B. Material Preparation: 

For preparing 13Molar of NaOH solutions: - {500gm water + 

520gm pallets} are used. For making Alkaline Activator 

Solution NaOH is mixed with Na2SiO3, in design ratio of 

{Na 2SiO3 to NaOH} is 2.5. The Alkaline Activator Solution 

is to be prepared one day before casting. 

C. Simplified Design Procedure:- 

Density of GPC is 2400 kg/m3 in SSD condition.  

Total Mass of Aggregates: - CA+FA  

Assumed the total mass of aggregate is 77% of total density 

of GPC. 

Therefore Total Aggregates = 77% x 2400 = 1848 kg/m3  

Assumed percentage Fine Aggregate = 35 %. 

The Mass of FA = 35% x 1848 = 647 kg/m3 

Percentage Coarse Aggregate as 65% (Two types of 

coarse aggregates is used i.e. 10mm and 20mm at 60% & 40% 

)  

The Mass of CA = 65% x 1848 = 1201 kg/m3  

The Mass of 20 mm = 60 % x1201 = 721 kg/m3  

The Mass of 10 mm = 40 % x 1201 = 480 kg/m3  

The Mass of Geo-polymer binder = Fly ash + Alkaline 

Liquid. 

The mass of GPC binder = 2400 – 1848 = 552 kg/m3  

\Fly ash + Alkaline liquid = 552 kg/m3  

Assumed ratio of {Alkaline liquid to Fly ash} = 0.4  

Therefore Mass of Fly ash = 552/(1 + 0.4) = 394.28 kg/m3 . 

The Mass of Alkaline Liquid = 552 – 394.28 = 157.21 kg/m3. 

Alkaline liquid = NaOH + Na2SiO3. 

Assume the ratio of NaOH to Na2SiO3. = 2.5. 

The Mass of NaOH = 157.21 / (1+2.5) = 45.06 kg/m3. 

The Mass of Na2SiO3.= 157.21 – 45.06 = 112.64 kg/m3 

The admixture dosage is 2% by mass of fly ash. 

The water requirement as per workability of fresh 

GPC is decided as per workability of GPC. 

Sr.no. Material Material kg/m3 

1 Natural sand 647.00 

2 Fly ash 394.28 

3 20mm agg 721.00 

4 10mm agg 480.00 

5 Water 000.00 

6 Na2sio3 112.64 

7 Naoh 45.06 

Table 1: Mix Design Proportion 

D. Manufacturing of Gpc: 

A combination of sodium silicate and sodium Hydroxide 

solution can be used as an alkaline liquid. 

It is prepared at least 24 hours prior to use.(one day 

before casting of GPC) The aggregate and fly ash mixed in 

dry state in Pan Mixer for 3 minutes.  

Then the Alkaline Activator Solution is added in the 

mix. The concrete is mixed about 4 to 5 minutes.The 

admixture is added during mixing; and water is added as per 

the requirement to increase the workability of the mix. After 

production of fresh GPC prepared moulds for cubes of size 

150X150X 150 mm are casted. Tamping is done for 50 times 

by using tamping rod. Cubes are kept at room temperature for 

24 hours. After 24 hours cubes are demould and then kept in 

oven for 3.7, and 14 days at a temperature of 1500c.The 

temperature of fresh GPC is measured and found to be 280c.  
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1  7.974 1140 50.66  

2 3 7.978 1120 49.77 50.66 

3  7.980 1160 51.55  

4  7.950 710 31.55  

5 7 7.920 720 32.00 31.40 

6  7.980 700 31.11  

7  8.050 1580 70.11  

8 14 7.950 1570 69.77 69.99 

9  7.885 1580 70.11  

Table 2: Compressive Strength Test Result For GPC At 

Elevated Temperature 1500 C. 

From above table it is cleared that average 

compressive strength of 3 days, 7 days and 28 days are 50.66 

N/mm2, 31.40N/mm2 and 69.99N/mm2. It is also observed 

that the compressive strength of 3 days is higher than 7 days, 

also after 14 days the compressive strength is increased.  

IV. CONCLUSION 

Based on the experimental results we drawn the following 

conclusions…. 

1) It is observed that, the rate of gain of compressive 

strength of Geo polymer concrete is more than the 

conventional concrete. 

2) The sodium hydroxide is corrosive to Skin, Nose, and 

Eyes. 

3) It is also observed that the compressive strength of GPC 

is more than that of conventional concrete made up from 

ordinary Portland cement. 

4) The compressive strength of GPC increases with 

increases in molarity. 

5) One application of GPC is in the construction and repair  

of highways, road, airport runways and precast units.  
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