
IJSRD - International Journal for Scientific Research & Development| Vol. 5, Issue 02, 2017 | ISSN (online): 2321-0613 

 

 

All rights reserved by www.ijsrd.com 282 

Experimental Studies on Strength Characteristics of GGBS Based 

Geopolymer Concrete 

K.M.Chetan1 K.C.Sachin2 B.B.Gopal3  
1,2,3Assistant Professor 

1,2,3Department of Civil Engineering 
1,2,3Rajeev Institute of Technology, Hassan, Karnataka

Abstract— Global warming is created by the emission of 

CO2 into the atmosphere in various ways during the 

production and utilization of many materials. As a part of 

civil engineering we all know concrete is the important 

material in for construction. Concrete is made up of with 

Cement, Aggregates and water. Cement plays a prominent 

role by improving binding properties among the other 

ingredients of concrete. But production of OPC causes 

emission of harmful gases into the atmosphere and also 

major consumption of natural resources. As a part of our 

research a step is made towards producing of concrete 

without using OPC as a binding material. Hence instead of 

OPC we were used GGBS as binder material.  NaOH and 

Na2SiO3 chemicals are used as activators. This study has 

been made with river sand and Granulated Blast Furnace 

Slag (GBFS) as fine aggregates and with regular crushed 

stone as coarse aggregates for manufacturing of Geopolymer 

concrete. Geo polymer concrete has been prepared for 8, 10 

and 12 molarities and their mechanical behaviour is being 

observed for 3, 7 and 28 days. 
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I. INTRODUCTION 

Concrete is one of the most widely used construction 

material. Portland cement production is a major contributor 

to carbon-di-oxide emissions. The global warming is caused 

by the emission of greenhouse gases, such as carbon-di-

oxide, to the atmosphere by human activities. Among the 

greenhouse gases, carbon-di-oxide contributes about 65% of 

global warming. Many efforts are being made in order to 

reduce the use of Portland cement in concrete. These efforts 

include the utilization of supplementary cementing materials 

such as fly ash, silica fume, granulated blast furnace slag, 

rice-husk ash and metakaolin, and finding alternative 

binders to Portland cement. In terms of reducing the global 

warming, the geo-polymer technology could reduce the 

carbon-di-oxide emission to the atmosphere caused by 

Cement about 80%. In this project, the effort was made to 

study the strength parameters of geo-polymer concrete. 

A. Origin of Term ‘Geopolymer’  

The term ‘‘Geopolymer’’ was first introduced to the world 

by Davidovits of France resulting in a new field of research 

and technology. Geopolymer also known as ‘inorganic 

polymer’ has emerged as a ‘green’ binder with wide 

potentials for manufacturing sustainable materials for 

environmental, refractory and construction applications.  

1) Geopolymer concrete (GPC) 

Ingredients required for creation of geopolymer binders are:  

 Geopolymer source materials such as fly ash, ggbs, 

metakaolin, and rice husk ash, etc  

 Fine and coarse aggregate 

 Alkaline Activator Solution. 

B. Salient Features of Geo-Polymer Concrete  

 Geopolymer concrete reduced CO2 emissions by 

eliminating the usage of cement. 

 The mechanical behavior of Geo-polymer concrete is 

higher than nominal concrete mix.  

 Durability property of Geo-polymer concrete is higher 

than the nominal concrete mix.  

 Geo-polymer Concrete is Eco-Friendly.  

 Water absorption property is lesser than the nominal 

concrete.  

C. Need for the Study  

 To find an alternative for the OPC. 

 To reduce CO2 emission and produce eco-friendly 

concrete.  

 To develop a cost efficient product.  

 To provide high strength concrete than OPC.  

 To know the suitable alternative for river sand. 

D. Objectives 

 To make a concrete without using cement (i.e. 

Geopolymer concrete).  

 To study the strength properties of geo-polymer 

concrete with replacement of OPC by GGBS.  

 To evaluate the optimum mix proportion of Geo-

polymer concrete with GGBS.  

 To compare the cost variation of geo-polymer concrete 

with normal concrete. 

 To make concrete without using natural sand. 

II. MATERIALS 

A. General  

In this chapter varies materials and method of conducting 

the test was discussed in detail and detailed methodology of 

the work is presented.   

B. Materials Used  

 Ground granulated blast furnace slag (GGBS)  

 Chemicals/Alkali activators 

 Sodium hydroxide  

 Sodium silicate  

 Aggregates  

 Fine aggregate  

 Natural sand 

 GBFS 

 Coarse aggregate    
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1) Ground Granulated Blast Furnace Slag  

Ground granulated blast furnace slag comprises mainly of 

calcium oxide, silicon di-oxide, aluminium oxide, 

magnesium oxide. It has the same main chemical 

constituents as ordinary Portland cement but in different 

proportions and the addition of G.G.B.S in Geo-Polymer 

Concrete increases the strength of the concrete and also 

curing of Geo-Polymer concrete at room temperature is 

possible. 

2) Alkaline Liquid  

A combination of alkaline silicate solution and alkaline 

hydroxide solution was chosen as the alkaline liquid. 

Sodium-based solutions were chosen because they were 

cheaper than Potassium-based solutions.      

3) Aggregates  

The aggregates are the main components of the concrete 

which greatly varies the strength, density and other 

properties of the concrete. Different types of aggregates 

used are discussed below.  

4) Fine Aggregate  

The fine aggregate used in the project was locally supplied 

and conformed to grading zone II as per IS: 383:1970. It 

was first sieved through 4.75mm sieve to remove any 

particles greater than 4.75mm. Properties of the fine 

aggregate are tabulated below in Table 1. 
Serial no Properties Test Result 

1 Specific Gravity 2.60 

2 Fineness modulus 4.3 

3 Bulk density 1620kg/m2 

4 zone II 

Table 1: Properties of Natural Sand 

5) GBFS 

Molten slag, on leaving the blast furnace is directed into a 

specialized plant known as a granulator in which high 

pressure, high volume, cold water sprays to rapidly cool the 

molten slag resulting in the formation of an amorphous, 

coarse sand sized material exhibiting hydraulic cementitious 

properties. GBFS can be used as a light weight fill and in 

engineered fill applications. Properties of the GBFS is 

tabulated in Table 2 

Serial no Properties Test Result 

1 Specific Gravity 2.19 

2 Fineness modulus 5.18 

3 Bulk density 1051kg/m2 

4 Zone III 

Table 2: Properties of GBFS 

6) Coarse Aggregate  

Locally available coarse aggregate having the maximum 

size of (20mm) were used in this project. Properties of the 

coarse aggregate are tabulated in Table 3 

Serial no Properties Test Result 

1 Specific Gravity 2.7 

2 Fineness modulus 4.3 

3 Bulk density 16ookg/m3 

4 zone II 

Table 3: Properties of Coarse Aggregate 

III. PREPARATION OF ALKALINE ACTIVATOR SOLUTION 

The laboratory grade chemical was procured namely 

Sodium Silicate and sodium hydroxide. Distilled water was 

used to prepare alkaline activator solutions to avoid any 

mineral interference. The Alkali activator solution has to be 

prepared 24 hours advance before use. The Sodium 

hydroxide is available in small flakes and Sodium Silicate in 

liquid forms depending on the required solution of different 

morality has to be prepared. The ratio of sodium silicates 

and sodium hydroxide by mass was maintained as 2.5 

throughout the work. 

molarities 
GGBS 

Kg/m3 

F A 

Kg/m3 

C A 

Kg/m3 
NaOH 

Na2Sio3 

K g / m 3 

8 M 428.03 752.6 9 5 7 . 6 76.66 1 8 9 .0 0 

1 0M 426.90 748.5 9 5 4 . 9 78.35 1 9 4 .3 6 

1 2M 4 2 5 . 6 747.6 9 5 1 . 1 79.99 1 9 9 .0 0 

Table 4: Materials Required For 1m3 Concrete 

IV. PREPARATIONS OF GEOPOLYMER CONCRETE BLOCKS 

The geopolymer consists of GGBS as binding material, 

natural sand, GBFS as fine aggregate and alkaline activator 

solution as the liquid used for mixing the composition. The 

binder, fine aggregate and coarse aggregate were mixed in 

dry condition according to their mix proportions thoroughly 

till the homogeneous dry mix is obtained. Weights of 

materials are weighed as per required ratio. The fluid is 

added to the mixture and mixed properly for 3 minutes to 

get a homogeneous mixture. 

 
Fig. 1: Mixing in drum mixer 

V. RESULTS & DISCUSSIONS 

To know the strength of the GPC made with natural sand 

and GBFS, Compressive strength test have been done. 

A. Test Specimens  

The test specimens for compressive strength test were made 

of cubes having a size of 150mm x 150mm x 150mm cast 

iron steel moulds were used. For each mix proportion three 

numbers of cubes were cast and tested at the age of 3days, 7 

days and 28 days. 

 

molarities 

Compressive strength in N/mm2 

3days 7days 28days 

8M 47.56 58.11 71.30 

10M 49.98 60.99 75.00 

12M 53.70 65.11 79.88 

Table 5: Compressive Strength Results of Natural Sand 
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Fig. 2: Compressive Strength Result of Natural Sand 

This study shows that the geopolymer concrete 

made with 12M is having high strength compared to 8M and 

10M. The strength will goes on increasing with increasing 

the molarities and curing period (Ambient curing). 

 

molarities 

Compressive strength in N/mm2 

3days 7days 28days 

8M 29.22 35.62 39.45 

10M 33.00 38.21 42.20 

12M 37.99 41.00 47.77 

Table 6: Compressive Strength Results of GBFS 

 
Fig. 3: compressive Strength Result of GBFS 

By observing the above values we can say that the 

GBFS of 12M geopolymer concrete gives the high strength 

compared to 8M and 10M.  

VI. SUGGESTIONS FOR FUTURE WORK 

 Studies can be made on its durability property. 

 The compressive strength of the geopolymer concrete to 

be studied at later ages like 1-2 years. 

 The modulus of elasticity of the concrete cubes is to be 

determined. 

 Super plasticizers can be added to achieve better 

workability. 

 Can also use other alternatives for river sand and also 

cement. 

VII. CONCLUSIONS 

Based on the experimental investigation the following 

conclusions are listed below: 

 Compressive strength of cubes increases with 

increasing molarity that is strength of 12M is more than 

10M &8M. 

 River Sand attains more strength than GBFS. 

 The geopolymer concrete gained strength within 24 

hours at ambient temperature without water curing.  

 Light weight concrete can be achieved by using GBFS. 
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