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Abstract— The use of supplementary cementitious materials 

is well accepted because of the several improvements 

possible in the concrete mix, for overall economy. The 

present work is a support to use the waste product from steel 

industry is helpful in cement which also helps to reduce the 

carbon footprint. In recent years Blast Furnace Slag when 

replaced with cement has emerged as a major alternative to 

conventional concrete and has rapidly gain the concrete 

industry’s attention due to its cement savings, energy 

savings, cost savings, socio-economic and environmental 

benefits. The present study reports the results of an 

experimental study, conducted to evaluate the strengths and 

strength efficiency factors of hardened concrete, by partially 

replacing the cement by various percentages of ground 

granulated blast furnace slag. The optimum GGBS 

replacement as cementitious material is characterized by high 

compressive strength, low heat of hydration, resistance to 

chemical attack, better workability, good durability and cost-

effective. The vision of being a developed nation is today’s 

scenario wherein considering the lowest level of 

individuality; everyone is focused towards ones benefits 

rather being philanthropists. The field of concrete technology 

runs in the same track wherein lot of advancement has come 

in where still basics play the major role. The changes 

adopted with respect to construction and building materials 

made a scope for change in the traditional way of concrete 

and bitumen. This is a study based on effects of Admixtures 

on concrete; where in the natural behavior of such is 

compared to that of changes in their behavior when such 

substances are added. It definitely causes an impact to its 

physical, material and characterized properties, but its 

implementation to the advantage of human environment 

makes a sensible part wherein the adverse effects are either 

reduced or omitted dependently. Most of the construction 

companies today prefer RMC from Concrete mix plants 

being transported to sites adding to an advantage of suitable 

properties of the concrete as required. Ground Granulated 

Blast Furnace Slag is taken as admixture used in the concrete 

of respective grading and following its suitability for various 

purposes is categorized depending upon the results obtained. 

In this work we are going to study the effects of GGBS on 

the compressive strength of the cements concrete by 

replacing cement with GGBS by 10%, 15%, 20%, and 40%. 

This project work also includes the benefits of using GGBS 

and its effects on the cement and concrete properties and its 

durability, and its sustainability. The utilization of 

supplementary cementitious materials is well accepted 

because of the several improvements possible in the concrete 

composites, and due to the overall economy. This report 

introduces studies and the properties of ground granulated 

blast furnace slag (GGBS). As concrete being important 

constituent in construction industry, improvements need to 

be done in concrete. Use of GGBS improves the quality of 

concrete. GGBS concrete is characterized by high strength, 

lower heat of hydration, and resistance to chemical corrosion. 

In recent years GGBS when replaced with cement has 

emerged as a major alternative to conventional concrete and 

has rapidly drawn the concrete industry attention due to its 

cement savings, energy savings, and cost savings, 

environmental and socio-economic benefits. The optimum 

GGBS replacement as cementitious material is characterized 

by high compressive strength, low heat of hydration, 

resistance to chemical attack, better workability, and good 

durability and cost-effective. From this study it can be 

concluded that, since the grain size of GGBS is less than 

ordinary Portland cement, its strength at early ages is less but 

continues to gain strength over a long period. This report 

includes effect of GGBS on various physical and chemical 

properties of concrete. Low carbon concrete (LCC) can be 

produced by replacing OPC with GGBS thus reducing 

emission of carbon dioxide by about 60% and at the same 

time quality of concrete is improved. 
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I. INTRODUCTION 

The Blast-Furnace slag is a by-product of the iron 

manufacturing industry. Iron ore, coke and limestone are fed 

into the furnace and the resulting molten slag floats above 

the molten iron at a temperature of about 1500 0C to 1600 

0C. The molten slag has a composition of about 30% to 40% 

SiO2 and about 40% CaO, which is nearly similar to the 

chemical composition of Portland cement. After the molten 

iron is tapped off, the remaining molten slag, which consists 

of mainly siliceous and aluminous residue is then water-

quenched and cooled rapidly, resulting in the formation of a 

glassy crystalline granulates. This glassy granulates are 

dried and pulverizedwhich is known as ground granulated 

blast-furnace slag (GGBS). The production of GGBS 

requires less additional energy as compared with the energy 

needed for the production of Portland cement. The 

replacement of Portland cement with GGBS will lead to 

significant reduction of carbon dioxide gas emission. GGBS 

is therefore an environmental friendly construction material. 

It can be used to replace as much as 80% of the Portland 

cement used in concrete. 

Blast Furnace Concretehas better water 

impermeability characteristics as well as improved 

resistance to corrosion and sulphate attack. As a result, the 

service life of a structure is increases and the maintenance 

cost reduced. 

Concrete is porous in nature; regular cement 

produces large amount of heat resulting in shrinkage & 

temperature cracks. The combined effect of surface cracks 

with porosity in concrete adversely affects the life of steel. 

Therefore, there is a big need of alternative product to 

strengthen concrete which combats deterioration of steel. 

Use of GGBS in the concrete generates less heat while 

mixing with the water against cement. It also helps to reduce 
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the heat of hydration resulting less shrinkage and 

temperature cracks in the concrete. 

The production of Ground Granulated Blast 

Furnace Slag requires little additional energy as compared 

with the energy needed for the production of Portland 

cement. The replacement of Portland cement with GGBS 

will lead to significant reduction of carbon dioxide gas 

emission. It is therefore an environmentally friendly 

construction material. GGBS from modern thermal power 

plants generally does not require processing prior to being 

incorporated into concrete and is therefore considered to be 

an environmentally free input material. It can be used to 

replace as much as 80% of the Portland cement used in 

concrete. It has better water impermeability characteristics 

as well as improved resistance to corrosion and sulphate 

attack. It enhances lower heat of hydration which reduces 

the risk of thermal cracking. It has higher durability, 

workability, reduces permeability to external agencies, 

which helps in making, placing and compaction easier. As a 

result, the service life of a structure is enhanced and the 

maintenance cost reduced. In view of the potential 

advantages of using GGBS, the Standing Committee on 

Concrete Technology (SCCT) endorsed in 2008 the proposal 

by the Public Works Central Laboratory (PWCL) to conduct 

a research study to investigate the strength development and 

durability of GGBS concrete. 

II. LITERATURE REVIEW 

Santosh Kumar Karri et. al.  selected 30%, 40% and 50% as 

cement replacement levels and cured the specimens of M20 

and M40 grade of concrete for 28 and 90 days. He found out 

that the workability of concrete increases with the increase 

in GGBS replacement level. He observed that the maximum 

compressive strength, split tensile strength and flexural 

strength is achieved at 40% cement replacement for both 

M20 and M40 grade concrete, beyond which the strength 

decreases slightly. Concrete cubes were also exposed to 

H2SO4 and HCl of 1% and 5% concentration and were 

tested for compressive strength at 90 days and 28 days 

respectively. It was observed that the resistance power 

increases up to 40% replacement beyond which it decreases 

but the compressive strength values of acid affected 

concrete decreases on comparison with normal concrete. It 

was also seen that the compressive strength of GGBS 

concrete affected to HCL was greater than that of H2SO4. 

Thejaskumar HM and Dr V. Ramesh studied the 

effects of partial replacement of cement with BFS on 

various properties of concrete. Compressive strength of 

concrete mixtures that were kept in water, 10% HCl and 

15% H2SO4 solutions were determined at the ages of 7, 28 

and 56 days with cement replacement ranging between 40 – 

60%. It showed that as the ages goes up, the compressive 

strength, split tensile strength and flexural strength soars up 

but it decreases with the increase in percentage of BFS. 

However, replacement up to 55% does not affect the 

strength negatively. After 56 days the samples having 53% 

of BFS, didn’t face a decrease in resistance, gained more 

compressive resistance in the solution of HCl and H2SO4. 

Magandeep et. al. in there paper observed that the 

Slump values of various mix proportions of GGBS 

concretes increased when replacement of GGBS increases 

from 10 to 40 %. Compressive strength and flexural strength 

decreases as the percentage of GGBS increases at the age of 

7 and 28 days but it increases with the increase in 

percentage of GGBS at the age of 56 days. He also observed 

that the split tensile strength of the mix with 20% and 30% 

cement replacement better performed than control mix at 56 

days where as the mix with 40% cement replacement 

showed a decrease in strength at 56 days. The sulfate 

resistance and chloride resistance increased in the specimens 

with 30% GGBS content than the specimens without GGBS. 

T. Vijaya Gowri et. al. investigated the effects of 

partial replacement of cement with GGBS on compressive 

strength, split tensile strength and flexural strength of 

concrete at 28, 90, 180 and 360 days. He used 50% GGBS 

as replacement material of cement for various water/binder 

ratios i.e. 0.55, 0.50, 0.45, 0.40, 0.36, 0.32, 0.30 and 0.27. 

He observed that the High Volumes of slag concrete gains 

appreciable amount of strength at later ages (90 days 

onwards) and it increases with decrease in water/binder 

ratios. He found out that the strength of high volume of slag 

concrete is more at later ages because of slower hydration of 

slag with Ca(OH)2 and water. He concluded that on 

replacement of cement by 50% GGBS helps to reduce the 

cement content of concrete, thereby reducing the cost of 

concrete and also protecting the environment from pollution. 

M. Ramalekshmi et. al. discussed the results of 

partial replacement of cement with 50% - 80% of GGBS on 

compressive strength of concrete at 7, 14 and 28 days. She 

concluded that slag replacement decreases the strength of 

concrete in short term when compared to control OPC. 

However, in long term it exhibits greater final strength. Thus 

50% GGBS as replacement showed maximum compressive 

strength at 28 days. Experiments were also conducted on 

beam-column with and without GGBS with 50% 

replacement. The specimen were tested at 28 days under 

constant axial load and varying lateral load which showed 

increase in load carrying capacity of the specimen by 6.6 %. 

Thus 50% GGBS as replacement can be used in RC 

specimens. 

S. Arivalagan investigated the strength and strength 

efficiency factors of hardened concrete, by partially 

replacing cement with 20% , 30% and 40% GGBS at 

different ages. The specimens when tested at 7 and 28 days, 

showed increase in compressive strength for 20% 

replacement of cement. Split tensile strength and flexural 

strength of concrete also increased at 20% cement 

replacement. The increasing strength is due to filler effect of 

GGBS. It was also found that the degree of workability of 

concrete was normal and it increased with the addition of 

GGBS. 

Reshma Rughooputh and Jaylina Rana studied the 

effects of partial replacement of OPC by GGBS on various 

properties of concrete including compressive strength, 

tensile strength, splitting strength, flexure strength, modulus 

of elasticity, drying shrinkage and initial surface absorption. 

Cement was partially replaced by 30 % and 50 % of GGBS 

by weight and test was performed at 7 and 28 days. It was 

found that GGBS in concrete leads to lower early 

compressive strength gain but higher later compressive 

strength gain. Flexural strength of test specimens increased 

by 22% and 24%, tensile strength increased by 12% and 

17% for 30% and 50% replacement respectively. Drying 

shrinkage increased by 3% and 4%. Static modulus of 
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elasticity increases by 5% and 13%. She also observed that 

the initial surface absorption decreases as the GGBS content 

increases because GGBS decreases the permeability of 

concrete. Based on the results the optimum mix was the one 

with 50% GGBS. 

Yogendra O. Patil et. al. researched on the effects 

on compressive strength and flexural strength of concrete 

with partial replacement of cement with various percentages 

of GGBS. The tests were conducted at 7, 28 and 90 days 

with replacement ranging from 10 % to 40 %. It was 

observed that the strength of concrete is inversely 

proportional to the percentage of replacement of cement 

with GGBS. The replacement of OPC by GGBS up to 20% 

shows the marginal reduction of 4 – 6 % in compressive and 

flexural strength for 90 days curing and beyond that of more 

that 15%. He concluded that, GGBS as replacement of OPC 

by 20% results in reduction in cost of concrete at the current 

market rate by 

III. LABORATORY INVESTIGATION 

A. Plan of Experimentation 

The experimental investigation is planned as follows: 

1) To find the properties of the materials such as cement, 

sand, coarse aggregate, water and GGBS. 

2) To obtain mix properties of opc concrete for M40 by 

method (10262-2009). 

3) To calculate the mix proportion with partial 

replacement such as 40 % & 60% of GGBS and OPC. 

4) To prepare the concrete specimens such as cube for 

compressive strength for flexural strength and also 

cubes for durability studies in laboratory with 0% 10% 

20% & 30% replacement of f GGBS with OPC M40 

grade concrete. 

5) To cure the specimens for 14 days and 28 days. 

6) To evaluate the characteristics of concrete such as 

compressive strength & flexural strength. 

7) To evaluate the durability studies of M40 grade GGBS 

replacement concrete. 

8) To evaluate & compare the results. 

9) To check the economic viability of the usage of GGBS 

keeping in view of the safety measures. 

B. Properties of Ingredients of Concrete 

The materials used in the experimental work namely cement 

GGBS, fine aggregate below: 

1) Cement 

Ordinary Portland cement of 43 Grade (ultra tech) was used 

in this investigation. 

2) Fine Aggregate 

Aggregate smaller than 4.75mm and up to 0.007 mm are 

considered as Fine aggregate. The Properties Fine aggregate 

are as follows 

 Specific gravity: 2.52 (Density bottle method) 

 Fineness modulus: 2.25 (sieve analysis) 

 Water absorption of sand: 1.0% 

 Free (surface) moisture of sand : nil 

3) Coarse Aggregates 

Aggregate greater than 4.75mm are considered as coarse 

aggregates. the Properties of Coarse aggregates as follows 

Specific gravity: 2.71 

Fineness modulus: 7.27 

4) Water absorption of 20 mm Aggregate 

0.5% Free (surface) moisture of 20 mm aggregate as follows 

Sieve analysis of Fine aggregate: conforming to table II of is 

383 

5) GGBS 

In the present investigation GGBS marketed by cements is 

used. 

a) Replacement of Cement with GGBS 

The mix proportion with partial replacement of OPC with 

40% and 60% of GGBS are calculated. 

C. Casting and Curing of Test 

The specimens of standard cubes (150 mm x 150 mm x 150 

mm) 3 No’s, and Standard cylinders of (150 mm diameter 

300 mm height) 3 No’s are cast for each cycle. In all 24 

specimens the cement was replaced by GGBS by (40% and 

60%) with M40 mix case were cast for 28 days and days 

curing. 

D. Curing 

24 hours after casting the test specimens, cubes, cylinders 

and prisms are de-moulded and immediately immersed in 

clean and fresh water tank and allow it for curing for 28 

days and for 14 days in portable water. 

IV. CONCLUSIONS 

Based on the analysis of experimental results and discussion 

there upon the following conclusion can be drawn. 

1) With the increase in GGBS replacement level 

workability of concrete increases. 

2) With grade of concrete the compressive strength 

increases with the increase when cement is replaced by 

GGBS. At 40% replacement of cement by GGBS the 

concrete attained maximum compressive strength for 

any grade of concrete. 

3) There is increase in flexural strength when cement is 

replaced with GGBS. The flexural strength was 

maximum at 40% replacement of GGBS. 

4) Workability of concrete increases with the increase in 

GGBS replacement level. 

5) As the GGBS content increases, the water/binder ratio 

decreases for the same workability and thus, the GGBS 

has positive effects on the workability. 

6) In most of the cases, compressive strength decreases 

with the increase in percentage of GGBS at early age 

but it increases with increase in percentage of GGBS at 

later ages. 

7) Split tensile strength and flexural strength also 

decreases with the increase in percentage of GGBS at 

early age but it increases with increase in percentage of 

GGBS at later ages. 

8) The increase in strength is up to a certain limit of 

replacement, beyond which it starts decreasing and the 

later age strength increases due to slower reaction of 

GGBS with Ca(OH)2 

9) It was also found that in some cases the increase in 

percentage of GGBS resulted in lower strength but 

because of which the reduction in cost of concrete at 

current market rate was of about 14 – 20% 

10) Load carrying capacity increased when the specimens 

with GGBS were tested under constant axial load and 

varying lateral load. 
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11) GGBS fails the initial absorption confirming that the 

surfaces of their concrete mixes were practically 

impermeable. 

12) On replacement of cement by GGBS helps to reduce 

the cement content of concrete, thereby reducing the 

cost of construction because the price of GGBS is 

about 25 - 50% less than that of OPC. 
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