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ABSTRACT: Concrete is a versatile widely used construction material. Ever since concrete has been accepted as a 
material for construction, researchers have been trying to improve its quality and enhance its performance. Recent 
changes in construction industry demand improved durability of structure. In recent years, concrete usage around the 
world is second only to the water. Cement not only consumes huge amount of the natural resources i.e. limestone & 
fossil fuels but also produces almost 0.9t of Co2 for 1t cement clinker production generator 2.8 billion ton manmade 
green house gas annually. To reduce green house gas emissions, efforts are needed to develop environmentally friendly 
construction material. This paper represents the fly ash based Geopolymer concrete. The engineering properties of fly 
ash based Geopolymer concrete have been studied previously but very little work has been conducted on mix design 
procedure that may be suitable for this new type of concrete. Using a flow chart, the paper describes the procedure in 
general. A simply graphical relationship between strength of concrete in days is also presented. 
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I. INTRODUCTION 
 
Geopolymer concrete is one of the building materials that have become more popular in recent years due to the fact that 
it is significantly more environmentally friendly than standard concrete. The term “Geopolymer” was coined by 
Davidovits in 1978. Geopolymer is a type of concrete that is made by reacting aluminates & silicate bearing materials 
with a caustic activation. Geopolymer concrete also showed good properties such as high compressive strength, low 
creep, good acid resistance and low shrinkage[ Lodeiro et al. 2007].The role of binder in Geopolymer concrete is 
replaced by fly ash which also posses pozzolanic properties as OPC & rich with alumina & silicate. Fly ash is residual 
from the combustion of coal which is widely available worldwide & lead to waste management proposal. Hence fly ash 
based Geopolymer concrete is a good alternative to overcome the abundant of fly ash. In fly ash based Geopolymer 
concrete, the silica & the alumina present in the source materials are first induced by alkaline activators to form a gel 
known as aluminosilicate. This gel binds the loose aggregate and other unreached materials in the mixture to form the 
Geopolymer concrete. This paper summarizes the properties, mix design of fly ash based Geopolymer which make it 
better compared to normal concrete. There are two main constituents of geopolymers, namely the source materials and 
the alkaline liquids. The source materials for geopolymers based on alumina-silicate should be rich in silicon (Si) and 
aluminium (Al). These could be natural minerals such as kaolinite, clays, etc. Alternatively, by-product materials such 
as fly ash, silica fume, slag, rice-husk ash, red mud, etc could be used as source materials. The choice of the source 
materials for making geopolymers depends on factors such as availability, cost, type of application, and specific 
demand of the end users. The alkaline liquids are from soluble alkali metals that are usually Sodium or Potassium based. 
The most common alkaline liquid used in geopolymerisation is a combination of sodium hydroxide (NaOH) or 
potassium hydroxide (KOH) and sodium silicate or potassium silicate. This paper is deals primarily with low-calcium 
fly ashbased geopolymer concrete. Low-calcium fly ash is preferred as a source material than high-calcium fly ash. The 
presence of calcium in high amounts may interfere with the polymerization process and alter the microstructure and 
hence compromise some of the benefits offered by geopolymer concrete. 
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II. RELATED WORK 
 

1. Cement  
Portland Pozolana cement of 53 grade (IS: 12269-1987), Specifications for 53 Grade has been used in the study. It 
was procured from a single source and stored as per IS: 4032 – 1977. Care has been taken to ensure that the cement of 
same company and same grade is used throughout the investigation. The cement thus procured was tested for physical 
properties in accordance with the IS: 12269 – 1987. Cement was used to prepare normal concrete, the comparison 
with fly ash based geopolymer concrete. ASTM C188 was followed to measure the specific gravity. 
 
2. Flyash 
Fly ash was obtained from Maharashtra, India & used in this research as the main constituents of the binding 
materials in geopolymer concrete. Its specific gravity was measured using the same procedure described in ASTM 
C188 for cement. 
 
3. Fine Aggregate  
Sand confirming to zone-II of 383- 1970 having specific gravity 2.51 & fineness modulus of 2.70. 
 
4. Coarse Aggregate 
Crushed granite metal confirming to IS: 383- 1970 having specific gravity 2.70 & fineness modulus of 5.85. 
 
5. Alkaline Liquid 
The common materials used as alkaline solution in producing fly ash based geopolymer are sodium silicate & 
potassium hydroxide to produce the alkaline solution is 14M. According to   Prof. J. Davidovits the alkaline liquids 
should be made prior to one day before mixing because at the time of mixing o Na2Sio3of with NaOH solution it 
generates a huge amount of heat & the polymerization takes place by reacting with one another, which will act as a 
binder in the geopolymer concrete. Then the materials are mixed together with fine aggregate & coarse aggregate to 
form concrete & curing process been done. 
 
6. Mixing 
Concrete was mixed in a tilting mixture. The weight of materials was taken with a digital weighing balance. Mixing 
sequence was as follows. 

 Prepare requisite quantity of sodium hydroxide & sodium silicate solution 24 hours in advance. 
 Mix the sodium hydroxide & sodium silicate solution. 
 Mix the fly ash, fine aggregate, coarse aggregate for two minutes. 
 Add alkaline solutions during mixing & mix for two minutes. 
 Stop mixing & pour the concrete mix. 

Concrete was placed in 150mm cube moulds in three layers& each layer was compacted by giving 25blows with a 
25mm tamping rod. The geopolymer concrete was dark in colour with shiny appearance. 
 
7. Mix Design 
 In this experiment we select the grades of concrete M20 and M30. The mix design was carried   out as per IS: 10262-
2009. The trials have been prepared and finally we find for M25 grade was design for this experiment having the mix 
proportion 1:1.31:2.81 and 1:0.87:2.06. All locally available materials are used during the preparation of the mix 
proportion. Comparison between NC & GPC with Parameters (1m3). 
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Table No. 1 Mix Proportion for Normal Concrete and Geopolymer Concrete 
 

Parameters 
(kg/m3) 

M20 Grade 
Concrete GPC (M20) M30 Grade 

Concrete GPC (M39) 

Cement/ fly ash 380 491 190 383 
Fine sand 711 425.7 696 503.2 

Coarse aggregate 
(20 mm) 924 1012 1029 1078 

Na2Sio3 - 170 - 160 
Water 160 - 145 - 

Proportion 1:1:2 1:0.87:2.06 1:1.5:3 1:1.31:2.81 
 
 
 Following Figure shows the graphical representation of mix proportion of concrete  
 

        
 
 

Fig. No. 1 Mix Proportion of Normal Concrete and Geopolymer Concrete 
 

8. Compressive Strength Tests 
The compressive strength tests were done by using the cubic specimen of sizes 150x150x150 mm. The moulds are 
confirming to the IS specification. For each test three specimens were taken and their average value is considered. 
The load should be applied gradually at the rate of 140 kg/cm2 per minute till the specimens fails. The load at the 
failure divided by area of specimen gives the compressive strength of concrete. 
 
9. Curing Process 
Setting time of Geopolymer depend on many factor such as composition of alkaline solution ratio of alkaline liquid to 
fly ash by mass however the curing temperature is most important factor for Geopolymer as the curing temperature 
increases setting time of concrete decreases during curing process the Geopolymer concrete experience 
polymerization process due to increases of temperature polymerization become more rapid and the concrete can be 70% 
of its strength within 3 to 4 hour of curing. 
The rate of increase of strength is rapid in initial 24 hour of curing beyond the gain of strength was moderate 
specimens should be cured for24 hour only which will sufficient enough. Generally the curing  which is done for 
Geopolymer is hot stream curing or normal hot curing in oven within a temperature of 600C -900C for 24 hour through 
a curing temperature 600C is more effective than other temperature or can be said is the optimum curing temperature. 
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Beyond 600 C is doesn’t affect the polymerization process so much the previous studies on Geopolymer concrete 
revealed that Geopolymer concrete did not attain any strength at room temperature or by water curing. The 
Geopolymer concrete harden at steam curing or hot air curing and the minimum curing period shall be 24 hours. 
 

III. EXPERIMENTAL RESULTS 
 

Compressive Strength and Slump Value 

Table No.2 Compressive Strength and Slump Value 

Grade Slump Compressive Strength(MPa) 

Age of cube for compressive strength test 

(days) 

 GPC NC GPC NC GPC NC 

M20 120 220 

29.23 17.94 3 7 

30.58 27.30 3 28 

29.86 17.94 5 7 

31.87 27.30 5 28 

M30 90 195 

35.60 23.43 3 7 

38.80 35.47 3 28 

35.82 23.43 5 7 

38.10 35.47 5 28 

 

From above observations, we showed Graphical relation between compressive strength.3 days for GPC, 7 & 28 days 

for normal concrete as follow, 

 

Fig No.2 Compressive strength at 3, 7 days              Fig. No.3 Compressive strength at 3, 28 days 
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IV. CONCLUSION  
 
From the about experiments following conclusions are observes: 
1. GPC attain higher early strength than normal concrete and good corrosion resistant. 
2. Higher concentration of NaOH solution results in higher strength. 
3. 3 days curing period produces higher compressive strength. 
4. Reduction of the concrete industry’s Co2 emission. And increased concrete industry’s use of waste products. 
5. Reduction of the concrete industry’s use of non- renewal fuels. 
6. No environmental pollution and sustainable development. 
7. No increased noise & dust emission. 
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