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ABSTRACT 
Past few decades the consumption of Concrete become very prominent and the demand for concrete is increasing 

rapidly due to rapid growth in the construction industry. As a result, the concrete industry is facing with a declining 

availability of natural resources used as a raw and construction materials. Cement is the widely used binding 

material in concrete and it’s over-exploitation of cement has led to various harmful consequences. Hence an 

alternative material for cement is required and it will lead to the decrease in the production of CO2. Similarly, the 

availability of river sand is also less and it leads to the need of alternative of fine aggregate with better properties 

which will eliminate the economic problem. In this study, conventional concrete M30 grade concrete mix was 

designed with Ground Granulated Blast Furnace Slag (GGBS) to cement and Copper slag (CS) to fine aggregate as 

partial replacement. The Compressive strength, split tensile and flexural strength  variation for concrete mix with 

GGBS (0%, 10%, 20% and 30%) and fine aggregate with varying percentage of Copper slag (0%, 10%, 20%, 30% 

and 40%) are determined at various curing period such as 7 and 28 days.  From the experimental test results, it is 

observed that the 28th day compressive strength, the split tensile strength and flexural strength of concrete up to 30% 

partial replacement of GGBS for cement along with 30% copper slag as fine aggregate give almost better results 

while compared with conventional concrete strength. Thus the alternate material for fine aggregate and cement by 

the partial replacement with Copper slag and GBBS, improve the strength characteristic and it safeguards the 

environment by utilizing waste properly and reduces its disposal problems. 
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INTRODUCTION 
For the stable and acceptable society, the use, as well as the transformation from the conventional 

procedures, demands more and it was mainly aiming towards the sustainability in all aspects. Among 

many challenging problems all over the world, the use of conventional construction materials in 

construction industries aims major issue. Thus, it demands the use of available materials in a proper way 

by reducing the difficulties that affecting the environment adversely. Based on this consideration, the 

concrete technologies have to advance with the consumption of many waste products in concrete, by 

reducing the causes of environmental pollution due to its large disposal. Many studies, on alternative 

binders such as lime1- 3, fly ash4-7, volcanic ash8, 9, Nano Silica10, Silica fume11 etc. had been carried out on 

the use of binding agents in civil engineering field. In concrete industry the use of alternate binding agent 

as the partial replacement for cement are becoming an advancing method and economically satisfactory 

technique in the enhancement of mechanical properties in concrete. 

For the recent years, researchers are concentrating on the aggregate replacement12-15 studies in concrete 

better quality mixes. Taking this into theaccount, this study mainly concentrates on the effect of GGBS as 

binding material in concrete as well as a combination of GGBS with cement and Copper Slag (CS) along 

with aggregate for a workable high-quality mix. By the use of GGBS and CS in concrete can reduces 
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environmental issues related to its disposal and use of GGBS as binding material lowers the liberation of 

heat by consumption of large quantity of cement in construction activities.  

 

EXPERIMENTAL  

Ordinary Portland Cement (OPC) of grade 43, natural sand less than 4.75mm size and coarse aggregate 

up to size range 20mm are used in this study. Both the fine and coarse aggregates used met the IS 

gradation 16requirements. Along with these materials, cement and fine aggregate are partially replaced 

with Ground Granulated Blast furnace Slag (GGBS) and Copper Slag (CS) respectively. GGBS is a slag 

obtained as aby-product of iron and steel manufacturing from a blast furnace. CS is also an industrial by-

product material produced from the copper extraction process. For this study M30 grade concrete mix was 

designed with partial replacement of cement with GGBS (0%, 10%, 20% and 30%) and fine aggregate 

with CS (0%, 10%, 20%, 30% and 40%). Once the casting of all the concrete specimens are over, it were 

demoulded after 24 hours, and placed in the curing tank till the period of testing time. For each 

combination of mixes three specimens were prepared and tested for the precise values. The mechanical 

properties of each concrete mixture was evaluated with respect to compressive strength, splitting tensile 

strength and flexural strength of hardened concrete17, 18 at curing periods of 7 and 28 days.  

 

RESULTS AND DISCUSSIONS 
Compressive strength 
Compressive strength test was carried out with different percentage of GGBS as partial replacement of 

cement in concrete specimens and the strength results are measured at 7 and 28 days are shown in Table-

1. It revealed that the compressive strength of GGBS blended concretes was decreases with the increase 

in the addition of GGBS. With 30% GGBS for cement replacement, showed that the compressive strength 

of concrete was decreased to 32N/mm2 from 37 N/mm2 value, so that rate of decrease in compressive 

strength is less and it confirms the use of GGBS as a binding material along with cement.  

 
Effect of GGBS and CS on compressive strength of concrete 
The effect of GGBS as binder material and CS as fine aggregate concrete mixes are also studied and the 

results of combination mixes are tabulated in Table-2. From the results, it was clear that strength increases 

substantially compared to concrete with GGBS alone. It is due to the contributions from pozzolanic 

reactions of CS as well as GGBS.  

The variations in 28th day compressive strength of GGBS and CS mixed concrete are shown in Fig.-

1.The result at 28 days of concrete indicated a significant improvement in strength compared with the 

control mix and the compressive strength value obtained for 30% GGBS with 30% CS shows the 

maximum value of 53 N/mm2. 

 
Table - 1: Compressive strength results of GGBS mixed concrete at 7 and 28 days of curing. 

GGBS% Mix Designation 
Compressive Strength, N/mm2 

7 Days 28 Days 

0% M1 27 37 

10% M2 28 36 

20% M7 29 34 

30% M12 31 32 

 

Split Tensile Strength 

The split tensile strength tests were carried out on the 150mm diameter and 300mm height cylindrical 

specimens, which have prepared with GGBS and CS along with GGBS combinations of concrete mixes. 

Table-3 shows that the variations in split tensile strength values obtained at different curing periods of 

GGBS concrete specimens. The split tensile strength value shows an increase in strength of 4.29 N/mm2 

from conventional concrete strength value of 3.6 N/mm2. 
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Effect of GGBS and CS on split tensile strength of concrete 
Split tensile strength on concrete mixes with GGBS along with cement and CS with fine aggregate was 

determined and test results are listed in Table-4. The values indicate an increase in strength than the 

control mix concrete due to increase in weight of CS content. At the curing period of 28 days, increase in 

GGBS and CS combinations results in an improvement of split tensile strength of 4.79N/mm2 from the 

conventional concrete value of 3.6 N/mm2. This highest split tensile value was obtained with 30% GGBS 

and 30% CS concrete and the rate of increase was around 33% compared with conventional concrete. 
 

Table - 2: Compressive strength results of GGBS and CS mixed concrete 

GGBS % 
Copper 

Slag, % 
Mix Designation 

Compressive Strength, N/mm2 

7 Days 28 Days 

0% 0% M1 26 37 

10% 

0% M2 27 36 

10% M3 28 38 

20% M4 30 41 

30% M5 33 44 

40% M6 33 45 

20% 

0% M7 25 34 

10% M8 33 45 

20% M9 34 46 

30% M10 36 49 

40% M11 38 51 

30% 

0% M12 24 32 

10% M13 34 46 

20% M14 37 50 

30% M15 39 53 

40% M16 38 52 

 
Fig.-1: Effect of GGBS and CS percentages on 28th day compressive strength 

Flexural Strength 

Flexural strength of concrete mixtures was determined at the ages of 7 and 28 days  concrete on the 

beams of size 100×100×500mm prepared as per Indian standard and the results of GGBS mixed concrete 

are given in Table-5. At 28 days curing age, the flexural strength of 30% GGBS added concrete shows the 

strength of 4.4N/mm2and it was more than the conventional concrete strength value.  
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Table - 3: Split tensile strength results of GGBS mixed concrete at 7 and 28 days of curing 

GGBS % 

 
Mix Designation 

Split tensile Strength, N/mm2 

7 Days 28 Days 

0% M1 2.66 3.6 

10% M2 2.75 3.72 

20% M7 2.88 3.99 

30% M12 2.91 4.29 

 

Table - 4: Split tensile strength results of GGBS and CS mixed concrete 

GGBS,% 
Copper Slag, 

% 
Mix Designation 

Split tensile Strength, N/mm2 

7 Days 28 Days 

0% 0% M1 2.66 3.6 

10% 

0% M2 2.75 3.72 

10% M3 2.83 3.83 

20% M4 2.97 4.01 

30% M5 3.18 4.3 

40% M6 3.46 4.67 

20% 

0% M7 2.95 3.99 

10% M8 3.05 4.12 

20% M9 3.17 4.29 

30% M10 3.26 4.41 

40% M11 3.37 4.56 

30% 

0% M12 3.17 4.29 

10% M13 3.23 4.37 

20% M14 3.41 4.61 

30% M15 3.54 4.79 

40% M16 3.34 4.52 

 

 
Fig.-2: Effect of GGBS and CS percentages on 28th day split tensile strength 

 

Table - 5: Flexural strength results of GGBS mixed concrete at 7 and 28 days of curing. 

GGBS,% Mix Designation 
Flexural Strength, N/mm2 

7 Days 28 Days 

0% M1 3.08 4.16 

10% M2 3.12 4.26 
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20% M7 3.03 4.31 

30% M12 2.95 4.40 

 

Effect of GGBS and CS on flexural strength of concrete 
Similar to compression and split tensile strength tests, flexural strength tests were also conducted on 

concrete specimens prepared with GGBS and CS. The results obtained for the various mix combinations 

are shown in Table-6. It was observed that for 30% GGBS with 30% CS replacement concrete specimen 

gives the considerable improvement in strength. Figure-3 presenting the variation in 28-day strength 

achievement of various proportions of concrete mixes. 

 

 
Fig.-3: Effect of GGBS and CS percentages on 28th day flexural strength 

 
Table - 6: Flexural strength results of GGBS and CS mixed concrete 

GGBS % Copper Slag % 
Mix 

Designation 

Flexural Strength, N/mm2 

7 Days 28 Days 

0% 0% M1 3.08 4.16 

10% 

0% M2 3.12 4.26 

10% M3 3.19 4.32 

20% M4 3.31 4.47 

30% M5 3.42 4.62 

40% M6 3.46 4.67 

20% 

0% M7 3.03 4.31 

10% M8 3.46 4.67 

20% M9 3.49 4.72 

30% M10 3.60 4.86 

40% M11 3.66 4.95 

30% 

0% M12 2.95 4.40  

10% M13 3.49 4.72 

20% M14 3.63 4.91 

30% M15 3.73 5.04 

40% M16 3.70 5.00 
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CONCLUSION 
The compressive strength of the specimen containing 30% GGBS as a replacement for cement gives a 

reduction in strength value and it is lesser compared to conventional concrete strength value, and thus it 

confirms the use of GGBS as a binding material along with cement.  

From the split tensile strength results of GGBS mixed concrete, the 28-day result shows an increase in 

strength of 4.29 N/mm2 from conventional concrete strength value of 3.6 N/mm2. Concrete mixes with 

GGBS along with cement and CS with fine aggregate was indicated an increase in strength of 4.79N/mm2 

from the conventional concrete value of 3.6 N/ mm2 with 30% GGBS and 30% CS concrete.  

The flexural strength of 30% GGBS mixed concrete shows a strength value of 4.4N/mm2 which is more 

than the conventional concrete strength and the concrete with combination of GGBS and CS also gaves 

the considerable improvement in strength. 

The results showed that the strength properties of concrete were acceptable it was worth in utilizing 

GGBS and CS in concrete as a partial replacement for cement and aggregate and also it proves as a good 

technique for solving an environmental issue caused by its disposal. 
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