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Abstract- It is well known fact that construction industry is 

prevailing largely based on OPC. The OPC has its drawbacks 

as the manufacturing process produces large amounts of 

greenhouse gases which is impacting the environment 

adversely. As the advancement of technology increased day by 

day new alternatives are preferred in making concrete. These 

alternatives include by-products like fly-ash, GGBS. silica 

fumes etc. in this present study GGBS is considered for making 

geopolymer concrete by completely replacing cement and using 

alkaline liquids for polymerisation process to take place. The 

mechanical properties of this geopolymer concrete made with 

100% GGBS (G.G.C) are studied to understand its behaviour 

under compression, tension and flexural loads. The 

geopolymer concrete is made by considering three molar 

concentrations on NaOH solution used in alkaline liquids. A 

comparison has been made between these molar 

concentrations. The compression, tensile and flexural strengths 

showed a maximum value at 12 molar concentrations when 

compared with 8M and 10M solutions. 

Keywords- Initials in Capitals; Separate with Semicolons 

1. INTRODUCTION 

In the construction industry usage of concrete made up 

of Portland cement (OPC) was observed to be increased 

in this past decade at an exponential rate resulting in an 

increase of cement production industries drastically. 

This, in turn, had a tremendous effect on the 

environment as the production of cement involved the 

emission of greenhouse gasses. The materials needed for 

the manufacturing of concrete are non-renewable and 

quickly exhausting. Yet, different mechanical and 

organic by-products are produced in excess with 

inherent cement characteristics.  

However, they are usually dumped into sites. The use of 

the outcomes, such as solutions to cement, preserves the 

environment, preserves funds and takes care of the 

problem of by-products dumping. The impact of OPC 

production is very large in the setting, particularly in 

India, where the interest in concrete constantly develops, 

in order to rapidly meet the demand for the building 

sectors. 

As a result, control of the use of the OPC by generating 

possible replacements is urgently necessary. In that 

distinctive situation, more research is being carried out 

all around the globe to produce distinct results of the use 

of OPC concrete replacement materials. One such 

alternative is the GPC which completely excludes OPC 

in its manufacturing of geopolymer concrete. 

2. EXPERIMENTAL INVESTIGATION 

The study deals with mechanical properties of GPC 

made with 100% GGBS (GGC). Experiments were 

conducted on GGC cubes for compressive strength and 

on cylinders for split tensile strength and on beams for 

flexural strength. The test samples were prepared in 

standard moulds and cured at ambient room temperature. 

The GGC was prepared by considering three different 

molar concentrations like 8M,10M and 12M. 

2.1 Materials used in the Study 

1. GGBS 

 2. Fine Aggregate 

3. Coarse Aggregate 

4. NaOH solution 

5. Na2SiO3 solution 

6. Water 

7. Superplasticizer 

 

The mix proportions were calculated by considering the 

density of concrete as 2400 kg/m
3
 and aggregate 

percentage was assumed as 77%. 

Table 2.1 Proportions of materials for GGC 

Mix 

ID 

GGBS 

kg/m3 

FA 

kg/m
3
 

CA 

kg/m
3
 

NaOH 

Solution 

kg/m
3
 

Na2SiO3 

Solution 

kg/m
3
 

Extra 

Water 

kg/m
3
 

SP 

kg/m
3
 

8M 368 555 1294 46 138 85 3.7 

10M 368 555 1294 46 138 82 3.7 

12M 368 555 1294 46 138 80 3.7 

 

3. RESULTS AND DISCUSSION 

3.1 Workability of G.G.C 

The workability properties of G.P.C with 100% GGBS were 

known by conducting Compaction factor test as per Indian 

standard for concretes. The compaction factor test was 

conducted on geopolymer concrete with 100% GGBS and 

their results are tabled in table 4.1. The workability of GGC 

varied with concentration of NaOH. The workability at three 
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different molarities namely 8 molar, 10 molar, 12 molar 

mixes was conducted separately and the pattern of 

workability at different molar concentrations was observed 

as below. 

Table 3.1 Compaction factor results of G.G.C 

S.no 
Mix 

ID 
Molarity 

Workability 

(compaction 

factor) 

1 G.G.C 

8 
8 M 0.87 

2 G.G.C 

10 
10 M 0.90 

3 G.G.C 

12 
12 M 0.92 

 

From the table 3.1 the compaction factor value for GGC at 

12 Molarity was observed to be 0.89 and the value was 

observed to be decreasing for 10 M and 8 M mixes.  

 

3.2 Compressive strength of G.G.C 

Compressive strength of GGC was conducted in a 

compression testing machine and the load at which the cube 

is crushed is noted and the test is conducted on 3 cubes for 

each mix and their average has been calculated. The test was 

conducted for GGC mix with three molar concentrations 

8molar, 10molar, 12molar. As the impact of curing age is 

very important for strength gain. To study the nature of 

strength parameters in concrete the cubes must be cured for 

different ages and their proportions of strength gain for 

corresponding respective ages. The percentage increase in 

strength is compared between these ages so that the 

geopolymer concretes behaviour can be studied properly for 

its use in commercial manner.  The test was conducted for 3, 

7 and 28 days and their results have been tabulated and 

charts are drawn to graphically represent these results. 

 

From figure 3.1 it is evident that the strength in compression 

of GGC is increasing with increase in molarity 

concentration. 

For 8 molar GGC mix the strength in compression for 3 

days was above 63% when compared with 28 days. The 14 

days strength for this mix is about 75% that of 28days.  For 

10 molar GGC mix the strength in compression for 3 days 

was above 65% when compared with 28 days. The 14 days 

strength for this mix is about 75% that of 28days.  

For 12 molar GGC mix the strength in compression for 3 

days was above 67% when compared with 28 days. The 14 

days strength for this mix is about 76% that of 28days. Of 

these three molarity concentrations 12molar mix had the 

maximum strength in compression at 28 days which is 62.1 

MPa. 

 

 
 

 

The behaviour of GGC under split-tensile strength is seen in 

fig 3.2. This test is conducted for 8molar, 10molar and 

12molar concentrations. The split-tensile strength increased 

with increase in molarity. The maximum split tensile 

strength was obtained at 12 molar concentration at 28 days 

curing period. 

For GGC8 mix the tensile strength gain for 7 days was 

around 85% that of 28 days strength with a strength of 3.24 

MPa.  

For GGC10 mix the tensile strength gain for 7 days was 

around 86% that of 28 days strength with a strength of 3.32 

MPa.  

For GGC12 mix the tensile strength gain for 7 days was 

around 85% that of 28 days strength with a strength of 3.48 

MPa.  

 

 
 

 

3.3 Flexural strength of G.G.C 

0

20

40

60

80

8  molar 10 molar 12 molar

Fig 3.1 Compressive strength of 

GGC 

3 days 7 days 28 days

0

0.5

1

1.5

2

2.5

3

3.5

4

8  molar 10 molar 12 molar
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The flexural strength of GGC at three different molar 

concentrations for 7 days and 28 days have been conducted 

and the results showed that the flexural strength of GGC 

increases with increase in molar concentration.  

From Fig 3.3 it is evident that the mix GGC 8 which had no 

fibers and molar concentration of 8 showed flexural strength 

of 5.84 MPa at days. At 7 days the beams gained a flexural 

strength of 79 % of 28 days strength. 

the mix GGC 10 which had no fibers and molar 

concentration of 10 showed flexural strength of 6.11 MPa at 

days. At 7 days the beams gained a flexural strength of 82 % 

of 28 days strength. 

the mix GGC 12 which had no fibers and molar 

concentration of 12 showed flexural strength of 6.34 MPa at 

days. At 7 days the beams gained a flexural strength of 81 % 

of 28 days strength. 

 

4. CONCLUSIONS 

 The experimental investigations conducted on 

G.G.C showed that the workability is 

increasing with increase in molar concentration.  

 The compressive strength of GGC showed a 

maximum value of 62.1 MPa at 12 molar 

concentration. 

 The split tensile strength was maximum at 12 

molar concentration with a value of 3.48 MPa. 

 The flexural strength of GGC was observed at 

12M and showed a strength of 6.34 MPa. 
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