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Abstract:  Ground Granulated Blast Furnace Rag (GGBS) has emerge as a prominent cement replacement material in the 

construction industry 'cause of its numerous advantageous properties. This study investigate the feasibility and effectiveness of 

utilizing GGBS as a partial replacement for cement in concrete production, you know. Through a comprehensive literature review 

and experimental analysis, the study explore the impact of GGBS substitution on various properties of concrete, including 

strength, durability, workability, and sustainability aspects, you know. Different concrete mixtures with varying percentages of 

GGBS replacement are evaluate to determine the optimal dosage for achieving desired performance characteristics. 

I. INTRODUCTION 

Partial replacement of cement with Ground Granulated Blast Furnace Rag (GGBS) is a technique that has gain popularity in the 

construction industry 'cause of its numerous benefits, you know. GGBS is a by-product of the iron and steel industry, produced by 

quenching molten rag from a blast furnace with water or steam, which results in a granular material. It has cementitious properties 

and can partially replace Portland cement in concrete mixes. The use of GGBS in concrete has several advantages. Firstly, it 

significantly reduces the amount of Portland cement needed in the mix, thus reducing the carbon footprint of concrete production, 

you know. GGBS improves the durability of concrete, reduces workability, and increases the long-term strength of concrete. The 

use of GGBS in concrete has several important things, you know, you know. Firstly, it significantly reduces the amount of 

Portland cement needed in the mix, thus reducing the carbon footprint of concrete production, like, you know. This is 'cause the 

production of Portland cement requires high temperatures and releases, releasing significant amounts of carbon dioxide into the 

atmosphere!!! By replacing some of the cement with GGBS, the amount of Portland cement used in the mix is reduced, and hence 

the carbon footprint is also reduced and stuff. 

II. PROBLEM STATEMENT & AIM 

a) Problem Statement 

Concrete is widely use worldwide due to its versatility, durability, and affordability. The production of cement is linked to 

high carbon emissions, so GGBS is being explored as an alternative to mitigate these environmental concerns, you know. 

b) Aim of The Project 

To study the change in compressive strength of concrete by partial replacement of cement with varying percentages of 

GGBS. 

 OBJECTIVES & SCOPE 

a) Objectives of The Project 

1. To find out the compressive strength of concrete by partial replacement of cement with GGBS. 

2. To find out the optimum percentage of GGBS for the best results of compressive strength. 
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3. To reduce environmental problems. 

4. To find the strength of concrete with and without GGBS. 

5. To find out the suitability of GGBS to cement in terms of strength. 

b) Scope of The Project 

1. GGBS offers benefits in durability, sustainability, appearance, and strength when partially replacing cement. 

2. A combination of GGBS with another admixture can be carried out. 

3. The partial replacement of OPC in concrete by GGBS not only provides economy but also facilitates environment-

friendly disposal of waste rag from steel industries. 

III. METHODOLOGY 

The methodology of incorporating Ground Granulated Blast Hot Plate Slag (GGBS) in concrete involves several key steps for 

ensuring a not so accurate assessment of its effect on the compressive and other properties. The steps procedure adopted for 

designing a snowstorm harvesting structure is mentioned here all said and done.It has various adventages when used as a 

replacement for cement in the concrete mixture but only in specific procentages. There is still a lack in understanding of the 

utmost amount of GGBS that may be used in concrete mixtures to achieve these benefits while sort of maintaining the required 

properties of the concrete. The problem statement for this research paper will focus on sort of identifying the utmost amount of 

GGBS that can be used in concrete mixtures while sort of maintaining the required properties of the concrete. 

 

 

                                                          Fig 1: Methodology Flow Chart 

 

 Study and Data Collection 

Different data is required for the study of properties of concrete having GGBS. Data were obtained from the various 

research papers, review papers, books, and the experimental studies conducted. Data is collected and studied for the 

project. 

Different materials, percentage of GGBS properties of concrete, test to be conducted, etc are obtained from the 

literature papers. 

 

 Selection of Materials 

1. Ordinary Cement 

2. Aggregate 

3. Arse Aggregate 

4. Water 

5. GGBS (Ground Granulated Blast Furnace Slag) 

 

 GGBS Uses And Properties: 

A. Uses: 

1. Ground Granulated Blast Furnace Slag (GS) is a by-product from the steel industry found in extensive applications 

within different construction projects. 

2. A common utilization involves as a supplementary cementitious material in producing high-performance and durable 

concrete. GGBS betters the concrete properties by enhancing its workability, reduce heat for hydration, and increase 

resistance against chloride ingress, ideal for marine and coastal structures! 

3. Apart from that, GGBS is utilized for stabilizing soils, offering an eco-friendly answer to enhance the engineering 

properties of expansive or soft soils in diverse construction projects. 
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B. Properties: 

1. GGBS is white. 

2. Having particle size finer than cement. 

3. Gives smooth texture and glassy feeling when observed  by taking GGBS in hand. 

 

 Physical properties of GGBS 

a) Standard consistency 35% 

b) Initial setting time (in min) 126 

c) Final setting time (in min) 362 

d) Water absorption 0.19 P.H 9 to11 

e) Bulk Density 1200 kg/m3 

f) Specific gravity 2.85 to 2.95 

g) Fineness 350m2 /kg 

h) Particle size 0.1 to 40 microns. 

 

 Chemical properties of GGBS: 

a) Calcium oxide 40% Silica 35% 

b) Alumina 13% Magnesia 8% 

c) Glass content 90-100% (depending upon the cooling method and temp) 

 Results for all above properties: 

Cement: 

Grade = OPC 53 grade 

Fineness = 2% 

Consistency = 31.5% 

 Initial setting time = 43 min 

Final setting time = 330 min 

GGBS: Specific gravity = 2.85 

FA: 

 Zone = II 

 Fineness modulus = 2.78 

Specific gr. = 2.62 

CA: 

Specific gr. = 2.65 

 Water absorption = 0.45% 

 

IV. MIX DESIGN: 

The process of choosing suitable ingredients of cement and determining their relative quantities to produce cement of the 

required strength, durability, and workability possible economically is known as the cement mixture design. The ingredient 

proportioning of cement is determined by the required performance of cement in two conditions, namely liquid and solid 

conditions. If the liquid cement is not manageable, it cannot be correctly put and compacted. The property of manageability, 

therefore, becomes of crucial importance. The compressed resistance of solid cement which is generally deemed to be an 

indicator of its other possessions depends upon various factors, e.g. quality and quantity of glue, water, and aggregates; 

switching and blending; placement, compression, and treatment. From a technical perspective, the wealthy combinations 

might result in high contraction and cracking in the structural cement, and to the development of high heat of vaporization in 

mass cement which might cause cracking. 

 

 TYPES 

Nominal mix:  

In the past, the specifications for concrete prescribed the proportions of cement, fine and coarse aggregates. These 

mixes of fixed cement aggregate ratio which ensures adequate strength are termed nominal mixes. These mixes provide a 

marginal strength, however, due to the variability of mix ingredients the nominal concrete for a given workability varies 

widely in strength. 

 

Standard mix: 

 The nominal mixes of fixed cement aggregate ratio vary widely in strength and may result in varied mixes. For this 

reason, the minimum compressive strength has been included in many 4 specifications. These mixes are termed standard 

mixes. IS 456- 2000 has designated the concrete mixes into some grades as M10, M15, M20, M20, M25, M30, and M40. In 

this designation, the letter M refers to the mix and the number to the specified 28-day cube strength of the mix in N/mm2. 

The mixes of grades M10, M15, M20, and M25 correspond approximately to the mix proportions (1:3:6), (1:2:4), (1:1.5:3), 

and (1:1:2) respectively. 
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 Specification of the concrete mix: 

1. Grade: M30 

2. Type of cement: OPC 53 Grade 

3. Max. nominal size of aggregates: 20mm 

4. Cement content: 400Kg/m3Fine aggregate content : 955Kg/m3 

5. Coarse aggregate content : 1095 Kg/m3 

6. W/C ratio : 0.38  

7. Replacement percentage of GGBS : 10%, 20%, 30% of cement 

 

 Table no.1 Mix design for the cube:   

 Nominal mix 

Materials Quantities 

Cement (Kg/m3) 12.24 Kg 

Fine aggregate 

(Kg/m3) 

21.84 Kg 

Coarse aggregate 

(Kg/m3) 20 mm 

(60%) 10 mm 

(40%) 

 

19.67 Kg 

13.12 Kg 

W/C ratio 0.45 

Water 5.50 lit 

Admixture 147 ml 

 

 10% GGBS Mix 

 

Cement (Kg/m3) 11.061 Kg 

GGBS (Kg/m3) 1.224 Kg 

Fine aggregate 

(Kg/m3) 

21.84 Kg 

Coarse aggregate 

(Kg/m3) 20 mm (60%) 

10 mm (40%) 

19.67 Kg 

 

13.12 Kg 

Water 5.50 lit 

Admixture 147 ml 

 20% GGBS Mix 

 

Cement (Kg/m3) 9.792 Kg 

GGBS (Kg/m3) 2.448 Kg 

Fine aggregate (Kg/m3) 21.84 Kg 

Coarse aggregate 

(Kg/m3) 20 mm (60%) 10 

mm (40%) 

19.67 Kg 

 

13.12 Kg 

Water 5.50 lit 

Admixture 147 ml 
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 30% GGBS Mix 

 

Cement (Kg/m3) 9.792 Kg 

GGBS (Kg/m3) 2.448 Kg 

Fine aggregate 

(Kg/m3) 

21.84 Kg 

Coarse aggregate 

(Kg/m3) 20 mm 

(60%) 10 mm (40%) 

19.67 Kg 

 

13.12 Kg 

Water 5.50 lit 

Admixture 147 ml 

 

 Procedure for Casting and Curing of specimen: 

1. Batching 

2. Cleaning and fixing molds 

3. Mixing 

4. Placing, compacting, and finishing 

5. Curing 

 

                                              

                                                                                         Fig 2. Mixing 

 

 
 

Fig.3 Placing, Compacting, and Finishing 

 Compressive strength test : 

 

The compressive strength of the concrete cube test provides an idea about all the characteristics of concrete. By this single 

test one judges whether Concreting has been done properly or not. The compressive strength of concrete depends on many 

factors such as water-cement ratio, cement strength, quality of concrete material, and quality control during the production 

of concrete,  

etc. Cubes of dimensions 150 x 150 x 150 mm were cast and 

 cured for 7, 14, and 28 days of curing periods. The universal testing machine of capacity 1000KN has been used to test the 

cubes and to measure the compressive strength of concrete. 
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V.  RESULTS AND DISCUSSIONS 

 

 Compressive strength of concrete: 

The compressive strength of concrete was observed on 150x150x150 mm cubes under a universal testing machine. 

Compressive strength is observed after the water curing period of 7, 14 & 28 days. 

 

 
Fig 3. Compressive strength test 

 

 7 DAYS COMPRESSIVE STRENGTH TEST RESULT 

1. Nominal mixture 

 

Cube 

numbers 

Compressive 

strength 

(N/mm2) 

The average 

strength of 

three cubes 

Cube 1 2725  

Cube 2 27.88 27.39 

N/mm2 

Cube 3 27.5  

 

 

2. 10 % GGBS Mixture 

 

 

 

 

 

 

 

 

3. 20 % GGBS Mixture 

Cube 

numbers 

Compressive 

strength 

(N/mm2) 

The average 

strength of 

three cubes 

Cube 1 27.35  

Cube 2 27.70 27.55 

N/mm2 

Cube 3 27.60  

 

4. 30 % GGBS Mixture 

Cube 

numbers 

Compressive 

strength 

(N/mm2) 

The average 

strength of 

three cubes 

Cube 1 27.30  

Cube 2 28.05 28.41 

N/mm2 

Cube 3 29.90  

 

 

Cube 

numbers 

Compressive 

strength 

(N/mm2) 

The average 

strength of 

three cubes 

Cube 1 33.63  

Cube 2 32.15 33.05 

N/mm2 

Cube 3 33.38  
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5. 30 % GGBS Mixture 

Cube 

numbers 

Compressive 

strength 

(N/mm2) 

The average 

strength of 

three cubes 

Cube 1 25.55  

Cube 2 26.10 26.00 

N/mm2 

Cube 3 26.76  

 

 

 14 DAYS COMPRESSIVE STRENGTH TEST RESULT 

1. Nominal mixture 

 

 

 

 

 

 

 

 

2. 10 % GGBS Mixture 

 

 

 

 

 

 

 

 

3. 20 % GGBS Mixture 

 

 

 

 

 

 

 

 

 

4. 30 % GGBS Mixture 

 

 

 

 

 

 

 

 

 8 DAYS COMPRESSIVE STRENGTH TEST RESULT 

 

1. Nominal mixture 

 

 

 

 

 

 

 

 

 

 

Cube 

numbers 

Compressive 

strength 

(N/mm2) 

The average 

strength of 

three cubes 

Cube 1 33.63  

Cube 2 32.15 33.05 

N/mm2 

Cube 3 33.38  

Cube 

numbers 

Compressive 

strength 

(N/mm2) 

The average 

strength of 

three cubes 

Cube 1 33.80  

Cube 2 34.50 33.81 

N/mm2 

Cube 3 33.15  

Cube 

numbers 

Compressive 

strength 

(N/mm2) 

The average 

strength of 

three cubes 

Cube 1 35.15  

Cube 2 35.60 35.46 

N/mm2 

Cube 3 35.65  

Cube 

numbers 

Compressive 

strength 

(N/mm2) 

The average 

strength of 

three cubes 

Cube 1 32.65  

Cube 2 31.90 32.53 

N/mm2 

Cube 3 33.05  

Cube 

numbers 

Compressive 

strength 

(N/mm2) 

The average 

strength of 

three cubes 

Cube 1 37.52  

Cube 2 36.85 37.24 

N/mm2 

Cube 3 37.35  
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2. 10 % GGBS Mixture 

 

 

 

 

 

 

 

3. 20 % GGBS Mixt 

Cube 
numbers 

 

Compressive 
strength 
(N/mm2) 

 

The average 
strength of 
three cubes 

Cube 1 40.50  

Cube 1 40.45 40.06 N/mm2 

Cube 1 40.85  

 

4. 30 % GGBS Mixture 

Cube 
numbers 

Compressive 
strength 
(N/mm2) 

 

The average 
strength of 
three cubes 

Cube 1 35.75  

Cube 1 36.20 36.21 N/mm2 

Cube 1 36.70  

 

IV. SUMMARY AND CONCLUSION 

 Summary: 

The purpose of this study is to compare the compressive strength of conventional M30-grade concrete with GGBS-added 

concrete. The above experimental results suggest that 20% GGBS replacement is a better choice for compressive strength. 

 Conclusion: 

1. 20% GGBS cement replacement is the optimum percentage, giving the highest compressive strength! 

2. Compressive strength reduces when GGBS replacement surpasses 20%. 

3. Compressive strength is enhanced while curing time increases. 

4. Achieving economy is possible by using GGBS as a cement replacement! 
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