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ABSTRACT 

 

Concrete plays important role in the construction 

industry worldwide. New technologies have helped 

to develop new types of construction and 

alternative materials in the concrete area. As 

society makes determined moves towards 

sustainability, construction has a very important 

role to play within this new agenda, not only 

because of its economic and social contribution, but 

also because of its impact on the quality of our 

lives, our comfort and safety. Due to exponential 

growing in urbanization and industrialization, by-

products from industries are becoming an 

increasing concern for recycling and waste 

management. Cement is the major component in 

production of concrete. But manufacturing of 

cement causes air pollution and it is dangerous in 

the present day scenario. With the increasing 

awareness about the environment, scarcity of 

landfills space and due to its ever increasing cost, 

wastes materials and by-products utilization has 

become an attractive alternative to disposal.  

In this study geo-polymer concrete is produced 

with fly ash and GGBS, Sodium hydroxide and 

sodium silicate is used as a binder. This 

investigation is mainly focused on replacement of 

Natural Aggregate (NA) with Recycled Aggregate 

(RA) and 100% replacement of cement with fly ash 

and GGBS in different proportions i.e., 100:0, 

50:50 and 0:100.Rangan method is followed to 

prepare the mix design, 10M concentration of 

sodium hydroxide, Alkaline activators solution 

ratio is 2.5 and alkaline liquid to fly ash ratio is 

0.35 is selected. The specimen size 

150X150X150mm cubes were casted and those 

cubes are held 7, 14, 28 and 56days in water and 

ambient curing. Finally we work with comparative 

studies for compressive strength test for 

conventional concrete and  geo-polymer concrete. 

 

 

I. INTRODUCTION 

 

The global use of concrete is second only to water. 

As the demand for concrete as a construction 

material increases, so also the demand for Portland 

cement. Concrete is a durable construction material 

produced by mixing of Portland cement, water, 

aggregates and additives with special proportion. 

Revising the ingredients and production method of 

conventional concrete is important with respect to 

high consumption of concrete as a construction 

material. High consumption of concrete causes vast 

requirements of cement production. Portland 

cement is used as a binder in the production of 

concrete and is produced by mixing selected raw 

materials (clay and lime) with a given proportion, 

grinding and heating it at 1500
o
C. In the process of 

producing 1 ton cement, 125 lit fossil fuel and 118 

KWH electricity is consumed. So presently we are 

introducing GPC, the main benefit of geo-

polymeric cement is reduction in environmental 

impacts to move toward sustainable development 

which is defined as the optimum usage with correct 

and efficient operation of basic and natural 

resources. This includes less emission of carbon 

dioxide, a more efficient use of mineral and metal 

resources increase the use of recycled materials and 

issue the long-term durability by the mechanical 

properties of these novel materials studied in 

relation archaeology analogues, namely ancient 

Roman cement. More than 65% earth crust consists 

of Al-Si minerals and use of lesser amounts of 

calcium-based cement do not release large 

quantities of CO
2
, so it is most useful to understand 

how these minerals convert to  

Concrete without Portland cement: 

Concrete is the most commonly used construction 

material; its usage by the communities across the 

globe is second only to water. Customarily, 

concrete is produced by using the Ordinary 

Portland Cement (OPC) as the binder. The usage of 

OPC is on the increase to meet   infrastructure 

developments. The world-wide demand for OPC 

would increase further in the future. It is well-

known that cement production depletes significant 

amount of natural resources and releases large 

volumes of carbon-dioxide. Cement production is 

also highly energy-intensive, after steel and 

aluminium. On the other hand, coal burning power 

generation plants produce huge quantities of fly ash 

 

OBJECTIVE OF THE STUDY: 

 To Study Geo-polymer concrete 

 To replace cement with GGBS and fly ash 

 To Study the effect of FlyAsh and GGBS in 

mechanical properties of concrete 

 To Study the effect of recycled aggregate in 

Geo-polymer concrete 
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 To draw the strength characteristic from the 

experimental work by compressive strength.  

 

II. LITERATURE REVIEW 

 

Palomo et.al investigated the mechanical 

characteristics of fly ash-based Geo-polymer 

concrete. It was found that the characteristics of the 

material were mostly determined by curing 

methods especially the curing time and curing 

temperature. Their study also reported some limited 

number of tests carried out on reinforced Geo-

polymer concrete sleeper specimens. Another study 

related to the application of Geo-polymer concrete 

to structural members was conducted by Brooke et 

al. al (2005). It was reported that the behaviour of 

Geo-polymer concrete beam-column joints was 

similar to that of members made of Portland 

cement concrete. 

Curtin research on fly ash-based Geo-polymer 

concrete is described in Research Reports GC1 and 

GC2 (Hardjito and Rangan 2005, Wallah and 

Rangan 2006), and other publications listed in 

References at the end of this Report. 

Palomo et al, studied the Geo-polymerisation of 

low-calcium ASTM Class F fly ash (molar 

Si/Al=1.81) using four different solutions with the 

solution-to-fly ash ratio by mass of 0.25 to 0.30. 

The molar SiO2/K2O or SiO2/Na2O of the solutions 

was in the range of 0.63 to 1.23. The specimens 

were 10x10x60 mm in size. The best compressive 

strength obtained was more than 60 MPa for 

mixtures that used a combination of sodium 

hydroxide and sodium silicate solution, after curing 

the specimens for 24 hours at 65
o
C. Xu and van 

Deventer (2000) reported that the proportion of 

alkaline solution to alumino-silicate powder by 

mass should be approximately 0.33 to allow the 

geo-polymeric reactions to occur. Alkaline 

solutions formed a thick gel instantaneously upon 

mixing with the alumino-silicate powder. The 

specimen size in their study was 20x20x20 mm, 

and the maximum compressive strength achieved 

was 19 MPa after 72 hours of curing at 35
o
C with 

stilbite as the source material.  

On the other hand, van Jaarsveld et al  reported the 

use of the mass ratio of the solution to the powder 

of about 0.39. In their work, 57% fly ash was 

mixed with 15% kaolin or calcined kaolin. The 

alkaline liquid comprised 3.5% sodium silicate, 

20% water and 4% sodium or potassium hydroxide. 

In this case, they used specimen size of 50x50x50 

mm. The maximum compressive strength obtained 

was 75 MPa when fly ash and builders’ waste were 

used as the source material. 

 

III. MATERIALS AND PROPERTIES 

 

The experimental work. First, the materials, 

mixture proportions, manufacturing and curing of 

the test specimens are explained. This is then 

followed by description of types of specimens used, 

test parameters, and test procedures.  

The materials used for making geopolymer 

concrete specimens, are as follows: 

 FLY ASH 

 GGBS 

 AGGREGATES 

 NATURAL AGGREGATE 

 RECYCLED AGGREGATE 

 CATALYSTIC LIQUID SYSTEM 

Fly Ash: 

Fly ash is one of the naturally-occurring 

products from the coal combustion process and 

is a material that is nearly the same as volcanic 

ash. Volcanic ash concrete was used thousands 

of years ago to produce Roman concrete 

structures that exist and function today; e.g., 

the Pantheon, Coliseum, and ancient 

aqueducts. When coal is burned in today’s 

modern electric generating plants, combustion 

temperatures reach approximately 2800°F. The 

non-combustible minerals that naturally occur 

from burning coal form bottom ash and fly ash.  

Bottom ash is a light-weight aggregate material 

that falls to the boiler bottom for collection.  

 
FLY ASH 

Ground Granulated Blast Furnaces (GGBS) 

Ground-granulated blast-furnace 

slag (GGBS or GGBFS) is obtained by quenching 

molten iron slag (a by-product of iron and steel-

making) from a blast furnace in water or steam, to 

produce a glassy, granular product that is then dried 

and ground into a fine powder. These operate at a 

temperature of about 1500 degrees centigrade and 

are fed with a carefully controlled mixture of iron 

ore, coke and limestone. The iron ore is reduced to 

iron and the remaining materials from a slag that 

floats on top of the iron.  
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Ground Granulated Blast Furnaces Slag 

 

AGGREGATES  

 

Aggregates are inert granular materials such as 

sand, gravel or crushed stone that are an end 

product in their own right. They are also the raw 

materials that are an essential ingredient in 

concrete. 

Depending upon the size the aggregates are 

classified into two types  

1) Fine Aggregate  

2) Coarse Aggregate  

Fine Aggregate  

Fine aggregate are basically sands won from the 

land or the marine environment. Fine aggregates 

generally consist of natural sand or crushed stone 

with most particles passing through a 9.5mm sieve. 

As with coarse aggregates these can be from 

Primary, Secondary or Recycled sources. The 

selection of fine aggregate is also on important 

factor as it directly affects the strength of concrete 

with the varying utilization of water. 

 

Table: Properties of fine aggregate 

 

 
 

Recycled Aggregates  

The waste from the demolition of concrete 

structures are collected, aggregates are separated as 

recycled aggregates. The proposed recycled 

aggregates are used in the concrete mix for this 

project. The recycled aggregates are conformed by 

means of grading. As per specification 20 mm 

angular recycled aggregates are selected for partial 

replacement. 

 
Figure: Recycled Aggregate 

 

 

Table: Recycled Physical Properties 

 
 

ALKALINE LIQUIDS: 

 
Sodium Silicate                   Sodium Hydroxide 

MIX PROPORTIONS: 

The manufacture of low-calcium fly ash and GGBS 

based geo-polymer concrete. The mixture 

proportions per m
3
 for concrete are given below 

table. In mixture the concentration of the sodium 

hydroxide solution was 10Molars (M), and extra 

added water. With this mix proportion 

Replacement of Fly ash and GGBS by 0%:100%, 

50%:50%, 100%:0% of cement by mass, the 

Specimens are prepared for testing the compressive 

strength and water absorption (Change in weight) 

of dimensions 150mmX150mmX150mm are casted 

The following are the Design Parameters of the 

Mix design of the GEO POLYMER CONCRETE  

 After studying the various Research 

papers the following parameters are 

adopted.  

 Mass of concrete as 2400 kg /cum        

(2400 –   2500 )    

 Mass of Total aggregate 77% of total 

concrete mass (75%-80%)  

 Mass of Coarse aggregate as 70% of total 

mass of Aggregate (65%-70%)  

 Mass of Fine Aggregate as 30% of total 

mass of Aggregate (30%-35%)  

 Ratio of Alkali Liquid to Fly ash as 0.35      

(0.30-0.45)  

 Laboratory experiments suggested that the 

Ratio of Sodium Silicate solution to 

Sodium  

 Hydroxide solution by mass is to be taken 

approximately as 2.5. (0.4–2.5)  

 The sodium hydroxide solids (NaOH) with 

97-98 %purity is recommended  

 The Molarity of Sodium Hydroxide as 

10M (10 Molarity) (8M -16M)  

 The Amount of  mass of Sodium 

Hydroxide Solids is 10M of Sodium 
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Hydroxide solution as 40% and the 

remaining mass of  60% as Water  

 The Sodium Silicate solution is Cheaper 

than sodium hydroxide Solution. 

Commercially available sodium silicate 

solution with SiO2-to Na2O ratio 

approximately 2, i.e ; Na2O=10% 

,SiO2=25.5%-28.5%  and water  61.5 - 

64.5%  by mass   

 The Mineral Admixture – GGBS (Ground 

Granulated Blast Furnace Slag)  is add 

with the 0%, 2.5%, 5.00%, 7.5%,and 

10.00% of Fly ash mass   

 For desired workability and reduced the 

water content in the mix design Super 

plasticizer is used. 

  

MANUFACTURE OF TEST SPECIMEN:  

Preparation of Liquids: 

The sodium hydroxide (NaOH) solids 

were dissolved in water to make the solution. The 

mass of NaOH solids in a solution varied 

depending on the concentration of the solution 

expressed in terms of Molar; M. for instance, 

NaOH solution with a concentration of 10M 

consisted of 10x40=400gm of NaOH solids in flake 

or pellets form per litre of the solution, where 40 is 

the molecular weight of NaOH. The mass of NaOH 

solids was measured as 400 grams per kg of NaOH 

solution of 10M concentration. 

 The sodium silicate solution and the 

sodium hydroxide solution were mixed together at 

least one prior to prepare the alkaline liquid. On the 

day of casting of the specimens, the alkaline liquid 

was mixed together with the super plasticizer and 

the extra water to prepare the liquid component of 

the mixture. 

Manufacture of Fresh Concrete and Casting: 

 The fly ash, GGBS and the aggregate i.e., 

fine and coarse aggregates were first mixed 

together in pan mixer for about 3 minutes. The 

liquid component of the mixture was then added to 

the dry materials and the mixing continued for 

further about 4 minutes to manufacture the fresh 

concrete  The fresh concrete was cast into the 

moulds immediately after mixing, three layers in 

specimens, compaction is done manually. We 

casted 6 cubes in each case. 

CURING OF SPECIMEN: 

After casting all cubes according to the design mix, 

we get 6 cubes in each Mix. (i.e., mix-1 with only 

natural aggregate we get 6 cubes) in this way 

totally 54 cubes are casted, details of these are 

given in chapter-4, in this investigation we hired 

two types of curing 

 Water curing 

 Ambient curing (room temperature)  

Water curing:  

In this curing out of 6 cubes 3 cubes are 

placed in curing pound after demoulded, after 

28days all these cubes are taken out from the 

curing pound and then sent to test. Total 28 days 

these cubes are cured in water. 

Ambient Curing: 

In this curing remaining 3 cubes from 6 

cubes are cured in room temperature, total 28 days 

these cubes are cured in ambient temperature then 

after 28 days these are taken out and then sent to 

lab for testing. 

IV. EXPERIMENTAL INVESTIGATION 

In the present investigation according to IS 

standards the following dimensioned specimens 

were casted  

150mm×150mm ×150mm of cubes,  

Strength Test :  

 Compressive strength test  

Compressive Strength Test 
Concrete cubes ofsizes150mm×150mm×150mm 

were tested for crushing strength. Compressive 

strength depends on loads of factor such as w/c 

ratio, cement strength, excellence of concrete 

material and excellence control during manufacture 

of concrete. These cubes are tested by compression 

testing machine after 7 days, 14 days  28 days and 

56 days  curing. The sample is placed centrally on 

the base plate of machine and the load have to be 

apply gradually at the rate of 140 kg/cm2 per 

minute till the specimen fails.  

 

 
Compressive strength 
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V. RESULTS 

CURING AT ROOM TEMPERATURE: 

For each mix of geopolymer concrete made in this 

study, 150mm x 150mm x 150mm cube specimens 

were prepared. Some of the casted cubes are tested 

at the age of 7, 14, 28 and 56 days of curing.  

 

Table: Compressive strength values of cubes 

with only natural aggregate in ambient curing 

MIX 

ID 

7 

DAYS 

14 

DAYS 

28 

DAYS 

56 

DAYS 

M1 4.25 7.26 11.27 18.24 

M2 3.85 6.75 12.36 20.54 

M3 4.35 8.02 11.40 21.85 

 

 
Graph 1 

Graph 1 shows compressive strength of concrete 

cubes after 7, 14, 28 and 56 days of ambient curing, 

after 7, 14, 28 and 56 days of ambient curing these 

cubes are taken out from the room and then weight 

of the cube is taken, then sent for compression test. 

The above graph shows the compressive strength of 

three different types of mixes (i.e., only fly ash-

with only natural aggregate, with only marble 

waste aggregate and with natural aggregate & 

recycled aggregate) with only fly ash 

From the graph we can see that both fly ash and 

GGBS with natural aggregate gives high 

compressive strength compare to other two mixes 

(i.e. only natural aggregate + Recycled aggregate), 

with only natural aggregate + Recycled aggregate 

gives more compressive strength compare to mix 

with only marble waste aggregate with both fly ash 

and GGBS. 

 

Compressive strength values of cubes with only 

recycled aggregate in ambient curing 

MIX 

ID 

7 

DAYS 

14 

DAYS 

28 

DAYS 

56 

DAYS 

M1 19.25 42.85 59.76 68.76 

M2 20.65 40.85 45.18 59.18 

M3 28.35 49.14 60.45 70.14 

 

 
Graph 2 

Compressive strength values of cubes with both 

only natural aggregate + Recycled aggregate in 

ambient curing 

MIX 

ID 

7 

DAYS 

14 

DAYS 

28 

DAYS 

56 

DAYS 

M1 17.85 32.2 51.51 61.51 

M2 20.65 34.2 42.40 59.40 

M3 21.35 38.96 46.10 65.10 

 

 
Graph 3 

 

Compressive strength values of cubes with only 

fly ash in water curing 

MIX 

ID 

7 

DAYS 

14 

DAYS 

28 

DAYS 

56 

DAYS 

M1 3.2 7.35 10.23 14.85 

M2 6.31 8.32 11.23 16.23 

M3 3.73 9.32 12.65 25.12 

 

 
Graph 4 
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Compressive strength values of cubes with only 

GGBS in water curing 

MIX 

ID 

7  

DAYS 

14 

DAYS 

28 

DAYS 

56 

DAYS 

M1 21.23 43.82 68.25 71.6 

M2 24.65 45.23 69.21 71.76 

M3 29.35 48.14 70.12 72.68 

 
Graph 5 

Compressive strength values of cubes with only 

fly ash in water curing 

MIX 

ID 

7 

DAYS 

14 

DAYS 

28 

DAYS 

56 

DAYS 

M1 20.85 34.2 67.11 70.51 

M2 21.65 35.2 64.56 72.40 

M3 24.35 39.96 69.49 76.12 

 

 
Graph 6 

WORKABILITY OF GEOPOLYMER 

CONCRETE: 

Workability of concrete is defined as that property 

of freshly mixed concrete which determines the 

ease of homogeneity with which it can be mixed, 

placed, consolidated and finished.  

To check the workability of concrete we have 

conducted the slump cone test which measures the 

consistency of fresh concrete before it sets. It is 

performed to check the workability of freshly made 

concrete, and therefore the ease with which 

concrete flows. It can used as an indicator of an 

improperly mixed batch. 

The test is the most simple workability test for 

concrete, involves low cost and provides immediate 

results. Due this fact, it has been widely used. In 

this experiment, slump cone test is carried from 

batch to batch for different mixtures to check the 

same workability and uniformity of Geopolymer 

concrete. 

VI. CONCLUSIONS 

Based on the experimental work reported in this 

study, and previous studies the following 

conclusions are drawn:   

 The mix strength results shows 

compressive strength of concrete cubes 

after 7, 14, 28 and 56 days of ambient 

curing, these cubes are taken out from the 

room and then weight of the cube is taken, 

then sent for compression test. The graph 

shows the compressive strength of three 

different types of mixes (i.e., only fly ash-

with only natural aggregate, with only 

marble waste aggregate and with natural 

aggregate & recycled aggregate) with only 

fly ash 

 Shows compressive strength of concrete 

cubes after 7, 14, 28 and 56  days of 

ambient curing, ambient curing these 

cubes are taken out from the room and 

then weight of the cube is taken, then sent 

for compression test. The above graph 

shows the compressive strength of three 

different types of mixes (i.e., only GGBS - 

with only natural aggregate, with only 

recycled aggregate and with natural 

aggregate &recycled  aggregate) with only 

GGBS. 

 Finally compressive strength of concrete 

cubes after 7, 14, 28 and 56 8 days of 

ambient curing, these cubes are taken out 

from the room and then weight of the cube 

is taken, then sent for compression test. 

The above graph shows the compressive 

strength of three different types of mixes 

(i.e., only fly ash, only GGBS and fly ash 

& GGBS) with natural aggregate and 

recycled aggregate 

 Water Curing results shows compressive 

strength of concrete cubes after 7, 14, 28 

and 56 days of water curing, after water 

curing these cubes are taken out from the 

curing pond and then weight of the cube is 

taken, then sent for compression test. The 

above graph shows the compressive 

strength of three different types of mixes 

(i.e., MIX -1 fly ash - with only natural 

aggregate, with only recycled waste 

aggregate with both natural & recycled 

aggregate)  

 Water Curing the mix specimens shows 

compressive strength of concrete cubes 

after 7, 14, 28 and 56 days of water 
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curing, after water curing these cubes are 

taken out from the curing pond and then 

weight of the cube is taken, then sent for 

compression test. The above graph shows 

the compressive strength of three different 

types of mixes (i.e., MIX -1 fly ash  - with 

only natural aggregate, with only recycled 

waste aggregate with both natural & 

recycled  aggregate)  

 Finally the last mix shows compressive 

strength of concrete cubes after 7, 14, 28 

and 56 days of water curing, after water 

curing these cubes are taken out from the 

curing pond and then weight of the cube is 

taken, then sent for compression test. The 

above graph shows the compressive 

strength of three different types of mixes 

(i.e., only fly ash, only GGBS and fly ash 

& GGBS) with natural aggregate and 

recycled aggregate. 

 To increase of GGBS content by mass 

increase the compressive strength of 

geopolymer concrete. 

 The slump value of the fresh Geopolymer 

concrete increases with the increase of 

extra water added to the mixture. 

 The initial setting time of geopolymer 

concrete decreases with the increase of 

GGBS percentage in Geopolymer 

concrete. 

 The experimental results shows that 

compressive strength of geopolymer 

concrete made of replacement of natural 

coarse aggregate with marble waste 

aggregate upto 50% shows a compressive 

strength of 45 N/mm^2, hence marble 

waste aggregate can also be used. 

 It was observed that mixture 3 with 

complete natural aggregate shows the 

highest compressive strength of 70 

N/mm^2. 
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