
IJSRD - International Journal for Scientific Research & Development| Vol. 7, Issue 02, 2019 | ISSN (online): 2321-0613 

 

All rights reserved by www.ijsrd.com 1405 

A Study on Geopolymer Mortar by Partial Replacement of Cement with 

GGBS and Sand with Quarry Dust 

S.Manasa1 H.Fayaz2 K.Venu Gopal Reddy3 Godlavetti Madhu4 Y.Ashok Kumar5 

1Assistant Professor 2,3,4,5BE Student 
1Department of Civil Engineering 

1,2,3,4,5Kuppam Engineering College, JNTUA University, India

Abstract— The major problem in the world facing today is 

the environmental pollution. In the construction industry, 

mainly the production of Portland cement will cause the 

emission of pollutants results in environmental pollution. We 

can reduce the pollution effect on environment, by increasing 

the usage of industrial by products in our construction 

industry. Geopolymer mortar is such a one and in the present 

study, to produce the geo-polymer mortar, the Portland 

cement is partially replaced with Ground Granulated Blast 

Furnace Slag (GGBS) and the fine aggregate is replaced with 

Quarry Dust. The compressive strength is calculated for each 

of the mix with ratio 1:3. The cube specimens are taken of 

size 70.6mm x 70.6mm x 70.6mm. The Geopolymer mortar 

specimens are tested for their compressive strength at the age 

of 7days, 14 days, 28 days, mixes of varying water-cement 

ratio as 0.45, 0.5, 0.6 respectively at different Stages of curing 

periods, the cubes strength are calculated for 7 days, 14 days, 

28 days. The result shows that. 
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I. INTRODUCTION 

For the construction of any structure, mortar is the main 

material. Mortar usage around the world is second only to 

water. The main ingredient to produce mortar is Portland 

cement. On the other side global warming and environmental 

pollution are the biggest menace to humans on this planet 

today. 

 The production of cement means the production of 

pollution because of the emission of CO2 during its 

production. There are two different sources of CO2 emission 

during cement production. Combustion of fossil fuels to 

operate the rotary kiln is the largest source and other one is 

the chemical process of calcining limestone into lime in the 

cement kiln also produces CO2.In India about 2,069,738 

thousand of metric tons of CO2 are emitted in the year of 

2018. 

 The cement industry contributes about 5% of total 

global carbon dioxide emissions. And, the cement is 

manufactured by using the raw materials such as lime stone, 

clay and other minerals. Quarrying of these raw materials also 

causes environmental degradation. To produce 1 ton of 

cement, about 1.6 tons of raw materials are required, and the 

time taken to form the lime stone is much longer than the rate 

at which humans use it. But the demand of mortar is 

increasing day by day for its ease of preparing and fabricating 

in all sorts of convenient shapes. So, to overcome this 

problem, the mortar to be used should be environmentally 

friendly. 

II. LITERATURE REVIEW 

Lakshmi Prasad et al (2017) studied the properties of GGBS 

and Phosphogypsum blended geo-polymer concrete. The 

results showed that the strength of geo-polymer concrete 

made by blending with GGBS has increased with increase in 

GGBS percentage and in case of Phosphogypsum the strength 

has increased up to certain limit and then the strength 

decreased with increase in Phosphogypsum percentage. 

 Sreenivasulu et al (2015) made a study on 

mechanical properties of geo-polymer concrete (GPC) using 

granite slurry (GS) as sand replacement. The different 

replacement levels were (0%, 20%, 40% and 60%) and the 

fly ash and ground granulated blast furnace slag (GGBS) 

were used at 50:50 ratios as geo-polymer binders. 

Compressive strength and splitting tensile strength properties 

were studied at ambient room temperature. From the results, 

it was observed that compressive strength values and splitting 

tensile strength values of GPC mixes were increased with the 

increasing replacement levels of GS from 20% to 40% at all 

ages as in the case of 20% GS + 80% sand and 40% GS + 

80% sand. But these values were decreased at the 60% 

replacement level of GS. It was concluded that optimum 

replacement level (40%) of GS can be used in place of sand. 

 Anil Ronald et al (2016) studied the mechanical 

properties of geo-polymer concrete reinforced with basalt 

fiber, both fly ash and GGBS were utilized in making geo-

polymer concrete. Alkaline solution used was sodium silicate 

and sodium hydroxide in the ratio of 2.5. Fibers were added 

to the geo-polymer concrete in the range of 0.5% to 2.5% at 

0.5% increments. The compressive strength of the GPC was 

observed to be enhanced by 34.74 % on the addition of the 

fibers. The percentage increase in tensile strength of the GPC 

was found to be 47.5% with the incorporation of basalt fibers. 

Hence it was concluded that addition of basalt fibers at 2% to 

the geo-polymer concrete can increase both compressive and 

tensile strength and basalt fiber act as a crack arrestor and 

prevent sudden failure of the structure. 

 Prasanna Venkatesan Ramani et al (2015) conducted 

an experimental study on the strength and durability 

properties of geo-polymer concrete prepared using the ground 

granulated blast furnace slag and black rice husk ash. Test 

results reveal that the addition of BRHA beyond 20% is not 

beneficial for geo-polymer concrete. The 30% BRHA 

replaced specimens neither achieved significant strength nor 

proved durable. The strength results showed that an optimum 

proportion of BRHA that can be used in geo-polymer 

concrete is 20%, considering the target strength of 30 MPa. It 

can also be seen from the durability studies that the geo-

polymer concrete performed remarkably well about chloride 

penetration and corrosion resistance for up to 20 % BRHA 

replacement. 
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III. MATERIAL USED IN MORTAR 

 GGBS (Ground Granulated Blast Furnace Slag) 

 Ordinary Portland Cement. 

 Fine Aggregate (Quarry Dust) 

 Water 

A. Properties of materials 

 

SL.NO Description OPC GGBS 

1 Specific gravity 3.15 2.82 

2 Fineness of cement 5 % 7 % 

3 Consistency of cement 26% 32% 

4 Initial setting time 30 min 55 min 

5 Final setting time 600 min 600 min 

Table 1: Properties of OPC&GGBS. 

SL.NO Description Quarry Dust 

1 Specific gravity 2.52 

2 Sieve analysis Zone-2 

Table.2: Properties of Quarry Dust. 

B. WATER 

Water cement ratio used is 0.45. It should be free from 

organic matter, impurities and salt and the pH value should 

be between 6 and 7 is used for casting and curing the concrete 

blocks as per IS456-2000. PH of water = 6.5. 

C. MIX PROPORTION FOR 1:3 CEMENT MORTAR 

Cement 

(kg) 

80% 

GGBS 

(kg) 

20% 

Quarry 

dust(kgs) 

W/C 

ratio 

Amount of 

water (kgs) 

0.130 0.032 0.570 0.45 0.073 

0.130 0.032 0.570 0.50 0.081 

0.130 0.032 0.570 0.60 0.097 

Table 3.Proportion 1: Cement (80%), GGBS (20%) 

Cement 

(kg) 

60% 

GGBS 

(kg) 

40% 

Quarry 

dust (kgs) 

W/C 

ratio 

Amount of 

water    (kgs) 

0.098 0.065 0.570 0.45 0.073 

0.098 0.065 0.570 0.50 0.081 

0.098 0.065 0.570 0.60 0.097 

Table 4.Proportion 2: Cement (60%), GGBS (40%) 

Cement 

(kg) 

40% 

GGBS 

(kg) 

60% 

Quarry 

dust (kgs) 

W/C 

ratio 

Amount of 

water (kgs) 

0.065 0.098 0.570 0.45 0.073 

0.065 0.098 0.570 0.50 0.081 

0.065 0.098 0.570 0.60 0.097 

Table 5.Proportion 3: Cement (40%), GGBS (60%) 

IV. TESTING OF MORTAR 

 
Table 6. Comparison of 7, 14&28 Days of First Proportion 

 
Table 7. Comparison of 7, 14&28 Days of Second Proportion 
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Table 8. Comparison of 7, 14&28 Days of Third Proportion 

V. CONCLUSION 

 Based on the observations and discussion made in the 

study following         conclusions can be derived upon  

 Cement can be replaced by using GGBS in the 

preparation of geo-polymer mortar. It helps in reducing 

carbon dioxide emission. 

 It is observed that increase in GGBS content increases 

the setting time and increases the degree of workability. 

 Maximum strength was observed with the second 

proportion 40% replacement of cement gives the, 

compressive strength is 21.43 N/mm2. 

 The use of M-sand is recommended as a potential 

replacement for conventional N-sand in mortar as it 

produced comparable strength in the geo-polymer 

mortar. 

 It is found that strength of blended geo-polymer mortar 

increases with age. 

 When the water cement ratio is 0.45 the demand of water 

is increased. 

 Geo-polymer mortar offers environmental friendly and 

protects the natural resource by utilizing the waste/by-

products from the industry which is harmful of the 

environment converted into value added construction 

building materials.  
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