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Abstract— Cement concrete is a versatile building 

construction material in civil engineering and it is also one 

of the world’s most extensively used construction material 

around the world in almost all construction projects and in 

many construction applications. Construction activities and 

projects are increasing around the world which has resulted 

into the excessive extraction and utilization of naturally 

available materials like natural river sand, stones and rocks, 

lime, clay, water etc. Currently the problems faced by the 

use of cement concrete includes high demand of cement 

concrete, cost of cement and concrete making materials, 

pollution, excessive extraction and utilization of natural 

river sand and stones, water etc. Because the sand is being 

extensively extracted from the river bed deposits, it is 

depleting at a faster rate. Hence it is necessary to find an 

alternative material such as industrial waste slag and waste 

pieces of stones from the stone quarries in the cement 

concrete production. This dissertation work deals with the 

study of partial replacement of natural fine aggregate by 

steel slag and natural coarse aggregate by waste limestone 

aggregate in M20 grade of cement concrete. Steel slag is a 

waste by-product obtained from the iron and steel plants and 

waste limestone aggregates are the waste broken pieces of 

limestone obtained from the limestone quarries. In this 

work, we have made an attempt to study the compressive, 

split tensile and flexural strength of M20 grade cement 

concrete by using steel slag and waste limestone aggregate 

as partial replacement to fine aggregates and coarse 

aggregates. The compressive strength test is studied for 7 

and 28 days of curing period and the split tensile and 

flexural strength is studied for 28 days of curing period. 

Key Words: Steel Slag, Waste Limestone Aggregates, M20 

Grade Concrete, Partial Replacement 

I. INTRODUCTION 

A. General 

The primary problems faced by the use of cement concrete 

is that the ever increasing demand of cement concrete, cost 

of cement and concrete, pollution due to the cement 

production, excessive utilization of natural resources in 

cement production and in construction activities, excessive 

use of sand and aggregates and potable water, carbon 

emissions during concrete productions etc. The manufacture 

and usage of cement concrete also exerts large amount of 

social and environmental problems. 

Natural river sand is one of the important 

constituent in the cement concrete production. Now a day 

the sand is being extensively utilized in almost all around 

the world in the construction activities. Throughout the 

world at all places, construction industries are developing at 

a faster rate which in-turn is resulting into the higher 

demand for concrete, sand and other concrete making 

materials. Natural river sand is highly expensive and is also 

depleting at a faster rate. The main function of sand in 

concrete is to improve the workability and uniformity of the 

concrete mixture. The main source of sand are the river bed 

deposits, because of the expensive sand and its increasing 

depletion, it has become very important to protect and 

preserve the environment and its natural resources which is 

an important step towards any development. 

The higher amount of sand depletion creates 

sensitive environmental damages. Government is now a 

days banning the sand mining, which is affecting the cost of 

the materials and time of the completion of construction 

project works. If this extensive utilization of sand continues 

in future, the sand may get completely depleted from the 

river beds. To overcome this problem, it is very necessary to 

search for the alternative materials for concrete production 

and in construction activities. 

For the economical and environmental purpose, it 

is important to think about and make use of the industrial 

waste by-products as the alternative materials in the 

construction activities and in the production of cement 

concrete. By utilizing the industrial waste by-product 

materials as the alternative materials it may reduce the cost 

of concrete production, reduce the pollution which helps in 

the effective ways of utilization for our development. 

Many industries and factories generate huge 

amount of wastes as a by-products during the time of 

processing. Safe disposal of these waste materials is the 

main problem. Unsafe disposal of these wastes can cause 

environmental problems. This made to think about how 

these waste materials can be put into its utilization without 

causing any damage to the environment. 

Out of many waste’s Steel Slag from the iron and 

steel plants and Waste Limestone pieces from the limestone 

quarries are one of the waste by-product materials which is 

requiring its attention towards its safe disposal and effective 

utilization. 

Therefore, in this project work carried out, an 

attempt has been made to study the acceptability and 

suitability of steel slag and waste limestone aggregate in 

making a cement concrete mix suitable for the 

implementation in the construction applications. 

In this project work carried out, in the preparation 

of cement concrete, steel slag has been used in place of 

natural river sand as a partial replacement and waste 

limestone aggregates has been used in place of Coarse 

aggregates (Basalt stones) as the partial replacement. Steel 

Slag is the waste by-product obtained from the iron and steel 

plants and Waste Limestone Aggregates are obtained from 

the Limestone quarries. Good strength is expected with 
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these materials in concrete as a partial replacement in 

concrete with or without admixtures. 

II. LITERATURE REVIEW 

Mohammed Nadeem, et al., (2012), in their paper entitled 

“Utilization of Industrial Waste Slag as aggregate in 

concrete applications by adopting Taguchi’s approach for 

optimization”. This paper carried out an experimental 

investigation to find out the effects of replacing the 

aggregates (fine and coarse aggregates) with steel slag 

(Crystalline and Granular) using Taguchi’s approach of 

optimization. This project was done in three stages, in first 

stage coarse aggregate was replaced with crystalline steel 

slag and in second stage fine aggregate was replaced 

partially with granular steel slag and in third stage both 

coarse aggregate and fine aggregates were replaced partially 

with crystalline and granular steel slag and replacement was 

from 0%, 10%, 20%, upto 100% full replacement. Strength 

tests were conducted for concrete specimens for 7 and 28 

days of curing and test results showed that the optimum 

value of replacement of aggregate with steel slag was found 

to be 30% to 50% at which the strength of concrete was 

increased by almost 5% to 15% than the plain concrete . 

Based on their entire experimental work, they concluded 

that the steel slag could be effectively utilized as a partial 

replacement for fine aggregate and coarse aggregates in all 

the construction applications. 

Maslehuddin, (2002), in his paper entitled “Effect 

on Concrete Properties by using Steel Slag and Crushed 

Limestone Aggregate”. In this investigation, he prepared 

cement concrete with Steel Slag separately and Crushed 

Limestone Aggregates separately and found that the 

concrete with steel slag was having better physical 

properties than the concrete containing crushed limestone 

aggregate. He conducted the strength tests on the prepared 

concrete specimens and found that the split tensile strength 

of cement concrete containing steel slag was less than the 

concrete containing crushed limestone aggregate upto a 

quantity of about 60% in concrete in concrete mix, replaced 

with crushed limestone aggregate. Steel slag was used as a 

replacing material for river sand and was replaced at 

following percentage levels of replacement intervals that is 

45%, 50%, 55%, 60%, 65%, respectively. 

Dr. Muyasser M. Jomaah, (2012), in his paper 

entitled “Using of Local Limestone as Aggregate in 

Concrete Mixture”. In this investigation work, he dealt with 

the properties of using local limestone wastes as a highest 

coarse aggregates in concrete mixtures as partial and full 

replacement for the conventional normal coarse aggregate. 

He prepared cube specimens of size 150 x 150 x 150mm 

containing limestone wastes as coarse aggregate in concrete 

mix, normal coarse aggregate were replaced with crushed 

coarse limestone wastes by 100% replacement value. He 

used crushed coarse limestone from the following three 

different locations such as Al- Sinea, Makhool and Himreen 

and he found that the limestone from the Al- Sinea gave 

good strength results without the admixtures. From his 

obtained results he concluded that using crushed coarse 

limestone wastes as coarse aggregates in concrete could 

show reductions in the dead load on building structural 

members and cost wise. Structural applications and concrete 

mix properties can be improvised to achieve economy. 

Finally he concluded that the crushed coarse limestone can 

be used as a good alternative material for normal coarse 

aggregate in concrete mixes. 

Kailash, et al., (2013), in their paper entitled 

“Characterization of Limestone wastes for the construction 

of Flexible Pavements”. This paper investigated the 

utilization of the Limestone wastes for construction of 

flexible pavements layers. In this research and investigation 

work, they carried out a survey to 7 villages of Chittapur 

taluk in Gulbarga district and found that about 70 lakh 

tonnes of limestone waste is generated every year. Thus they 

conducted laboratory test on the Limestone wastes such as 

modified procter compaction test to study the dry density 

and optimum moisture content on WMM and GSB mixes. 

CRR test and direct shear test on GSB mixes. Test results 

were compared with conventional concrete and results 

showed that the limestone aggregate fulfilled the 

requirements and can be used as a replacing material to 

basalt aggregate in GSB and WMM layers. It was also found 

that the limestone waste showed good interlocking 

properties compared to basalt limestone was also found to 

be economical compared to basalt as early transportation 

and processing charges are required but ultimately this 

limestone waste is available at free of cost. 

Ibtehal Saleem Fathi, (2014), in his paper entitled 

“Effect of Using Crushed Limestone in Concrete mixes as 

fine aggregates on Compressive strength and Workability”. 

In this investigation work, two types of cement concrete 

mixes were prepared such as concrete mix with crushed 

limestone as fine aggregate and the second type was 

conventional concrete containing natural river sand as fine 

aggregates. After conducting the desired tests on the 

prepared concrete mixes, test results obtained showed that 

concrete mix containing crushed limestone as fine 

aggregates requires more water content than the 

conventional concrete mix to obtain and maintain the same 

workability. But its test results also showed that the concrete 

containing crushed limestone as fine aggregates gave more 

compressive strength than the conventional concrete and it 

was found that the increase in the compressive strength 

depends upon the water cement ratio, type of cement 

concrete mix and the age of cement concrete in days. Finally 

this investigation concluded that crushed limestone waste 

can be used for preparing the good quality of cement 

concrete which might be suitable for paving blocks for 

footpaths, gardens, bus stops and any other public places. 

P. S Kothai, et al., (2014), in their paper entitled 

“Utilization of Steel Slag in Concrete as a partial 

replacement material for fine aggregates”. In this 

experimental investigation they studied the effect of 

utilizing the steel slag as  a partial replacement material for 

natural fine aggregates in M20 grade concrete and also 

studied the mechanical properties of M20 grade concrete 

with steel slag as partial replacement material to fine 

aggregates. This experimental work concluded that using 

steel slag as a partial replacement material to fine aggregates 

in concrete improvises the compressive, flexural and split 

tensile strength and modulus of elasticity of concrete for an 

optimum value of replacement of fine aggregates with steel 

slag. This work also declared that benefits like cost 
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reduction in materials and construction, social benefits and 

mass utilization of waste by-product materials can be 

achieved. 

III. MATERIALS AND METHODOLOGY 

A. Materials used for the Preparation of Cement Concrete: 

1) Cement: 

In this project work, cement used is Bharathi Cement which 

is PPC (Portland Pozzolana Cement) confirming to IS: 1489 

part-1 (1991). This cement is Fly Ash based cement. The 

physical properties of cement obtained from the tests carried 

out are given in below table 1. 

Sl. No 
Material 

Properties 

Cement Test 

Results 

1. Initial Setting Time 47 minutes 

2. Final Setting Time 330 minutes 

3. 
Standard 

Consistency Test 
40% 

4. Specific Gravity 2.69 

5. Fineness 5% 

Table 1: Physical Properties of Cement 

B. Fine Aggregates: 

1) Natural River Sand: 

Natural river sand which is locally available obtained from 

the Bheema river of Shahapur Taluk is used as fine 

aggregates. The physical properties of sand obtained from 

the tests carried out are given in below table 2. 

Sl. No Material Properties Natural River Sand 

1. Specific Gravity 2.60 

2. Water Absorption 2.3% 

3. Fineness modulus 2.7 

4. Zone III 

5. Moisture Content 4.74% 

6. Bulk Density (Loose) 1.414 gm/ml 

7. Bulk Density (Compacted) 1.596 gm/ml 

8. Bulking of Sand 6.35% 

Table 2: Physical Properties of Fine Aggregates (Natural 

River Sand) 

2) Steel Slag: 

Bellary Steel Slag was used as a replacement material for 

fine aggregates in cement concrete. Steel Slag was obtained 

from the local Lahoti Stone Crushers near Kusnoor road 

Gulbarga. The physical properties of Steel Slag are given in 

below table 3 

Sl. No Material Properties Steel Slag 

1. Specific Gravity 2.104 

2. Bulking of Steel Slag 16.279% 

3. Bulk Density (Loose) 0.821 gm/ml 

4. Bulk Density (Compacted) 1.077 gm/ml 

5. Zone I 

6. Water Absorption 1.26% 

7. Fineness Modulus 3.21 

Table 3: Physical Properties of Steel Slag 

C. Coarse Aggregates: 

1) Basalt Coarse Aggregates: 

The Basalt coarse aggregates of 20mm down size obtained 

from the local stone crushers Gulbarga were used as coarse 

aggregates in cement concrete. The physical properties of 

coarse aggregates are given in below table 4. 

Sl.  

No 
Material Properties 

Basalt Coarse 

Aggregates 

1. Specific Gravity 3.0 

2. Bulk Density 1581.196 kg/m
3
 

3. Water Absorption 0.54% 

4. Fineness Modulus 4.9 

5. Aggregate Impact Value 18.13% 

Table 4: Physical Properties of Basalt Coarse Aggregates 

2) Waste Limestone Aggregates: 

Limestone wastes obtained from the Shahabad Limestone 

Quarries of Gulbarga district is used as a replacement 

material for Basalt coarse aggregates in cement concrete. 

The physical properties of Waste Limestone Aggregates is 

given in below table 5. 

Sl.  

No 
Material Properties 

Waste 

Limestone 

Aggregates 

1. Specific Gravity 2.727 

2. Bulk Density 1400.854 kg/m
3
 

3. Aggregate Impact Value 12.857% 

4. Water Absorption 0.17% 

5. Fineness Modulus 3.8 

Table 5: Physical Properties of Waste Limestone Aggregates 

D. Water: 

Clean Potable Water was used for the Mixing and Curing 

purpose of cement concrete. As per the IS: 456-2000 

specifications. 

IV. MIX DESIGN OF M20 GRADE CONCRETE 

A. Mix Proportions: 

Cement = 350.0 kg/m
3
 

Water = 192.0 liters 

Fine Aggregates = 688.0 kg/m
3
 

Coarse Aggregates = 1295.0 kg/m
3 

Admixtures = 0 kg/m
3
 

Water Cement Ratio = 0.55 

Therefore, 

Water: Cement: Fine Aggregate: Coarse Aggregate 

0.55: 1: 1.965: 3.70 

V. RESULTS AND DISCUSSION 

A. Slump and Compaction Factor Results: 

1) Slump Cone Test Results and Compaction Factor Test 

Results for M20 Grade Cement Concrete 

Sl. 

No 

Percentage of 

Replacement 

Interval (%) 
Slum

p in 

(mm) 

Compaction 

Factor 
Steel 

Slag 

Waste 

Limestone 

Aggregate 

1. 0 0 74 0.891 

2. 10 50 76 0.896 

3. 20 50 79 0.899 

4. 30 50 83 0.912 

5. 40 50 85 0.917 

6. 50 50 89 0.920 
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7. 60 50 86 0.914 

 
Fig. 1: Slump Cone Test Results for M20 Grade Cement 

Concrete For Different Levels Of Percentage Replacement 

Intervals 

 
Fig. 2: Compaction Factor Test Results for M20 Grade 

Cement Concrete for Different Levels Of Percentage 

Replacement Intervals 

B. Compressive Strength Test Results For M20 Grade 

Cement Concrete Cube Specimens (IS: 5816-1959): 

Sl. 

No 
Designation 

Replacement 

Interval in 

(%) 

Compressive 

Strength in N/mm
2
 

SS WLA 

Avg 

strength 

of 7 

Days of 

curing 

Avg 

strength 

of 28 

Days of 

curing 

1. 
Normal 

Concrete 
0 0 8.168 26.611 

2. 
CC with SS 

and WLA 
10 50 8.717 26.793 

3. 
CC with SS 

and WLA 
20 50 9.348 28.339 

4. 
CC with SS 

and WLA 
30 50 9.752 29.587 

5. 
CC with SS 

and WLA 
40 50 10.296 31.081 

6. 
CC with SS 

and WLA 
50 50 10.431 31.186 

7. 
CC with SS 

and WLA 
60 50 9.580 28.776 

 

Fig. 3: Average Compressive Strength Test Results For M20 

Grade Cement Concrete Cube Specimens For 7 And 28 

Days Of Curing Period 

C. Split Tensile Strength Test Results of M20 Grade 

Cement Concrete Cylinder Specimens (IS: 5816-1970): 

Sl. 

No 
Designation 

Replacement 

Interval in (%) 

Split Tensile 

Strength in 

N/mm
2
 

SS WLA 

Avg strength 

of 28 Days of 

curing 

1. 
Normal 

Concrete 
0 0 2.486 

2. 
CC with SS 

and WLA 
10 50 2.636 

3. 
CC with SS 

and WLA 
20 50 2.755 

4. 
CC with SS 

and WLA 
30 50 2.930 

5. 
CC with SS 

and WLA 
40 50 3.069 

6. 
CC with SS 

and WLA 
50 50 3.112 

7. 
CC with SS 

and WLA 
60 50 2.872 

 
Fig. 4: Average Split Tensile Strength Test Results For M20 

Grade Cement Concrete Cylinder Specimens For 28 Days 

Of Curing Period 

D. Flexural Strength Test Results Of M20 Grade Cement 

Concrete Prism Specimens As Per (IS: 5816-1970): 

Sl. 

No 
Designation 

Replacement 

Interval in (%) 

Flexural 

Strength in 

N/mm
2
 

SS WLA 

Avg strength 

of 28 Days of 

curing 

1. 
Normal 

Concrete 
0 0 3.558 

2. 
CC with SS 

and WLA 
10 50 3.723 

3. 
CC with SS 

and WLA 
20 50 3.933 

4. 
CC with SS 

and WLA 
30 50 4.127 

5. 
CC with SS 

and WLA 
40 50 4.345 

6. 
CC with SS 

and WLA 
50 50 4.353 
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7. 
CC with SS 

and WLA 
60 50 4.154 

 
Fig. 5: Average Flexural Strength Test Results For M20 

Grade Cement Concrete Prism Specimens For 28 Days Of 

Curing Period 

 
Fig. 6: Average Compressive, Split Tensile And Flexural 

Strength Test Results For M20 Grade Cement Concrete 

Cube, Cylinder And Prism Specimens 

VI. CONCLUSIONS 

1) With this study, a suitable mix proportion for M20 

grade cement concrete using steel slag and waste 

limestone aggregate as a partial replacement of natural 

fine aggregates and natural coarse aggregates is 

achieved. 

2) Slump cone test result shows the consistency of cement 

concrete increases as the percentage of replacement of 

fine aggregate by steel slag increases up to 50% with a 

constant 50% replacement of coarse aggregate by waste 

limestone aggregate. 

3) Compaction factor test result shows, the workability of 

cement concrete increases with the increase in the 

percentage of replacement of fine aggregate by steel 

slag up to 50% with a constant 50% replacement of 

coarse aggregate by waste limestone aggregate. 

4) From this study, we can conclude that, both river sand 

and natural coarse aggregate can be replaced by steel 

slag as a fine aggregate and waste limestone aggregate 

as a coarse aggregate up to 50% for the manufacturing 

of cement concrete. 

5) From the above study, we can conclude that the strength 

characteristics of cement concrete is showing optimum 

results at 50% replacement of natural fine aggregate by 

steel slag with a constant 50% replacement of natural 

coarse aggregate by waste limestone aggregate. 

6) It is concluded that, the strength characteristics of 

cement concrete decreases as the percentage of 

replacement of natural fine aggregates by steel slag 

increases above 50% with a constant 50% replacement 

of natural coarse aggregate by waste limestone 

aggregate. 

7) With the above study, the mean target strength of M20 

grade cement concrete is achieved with partial 

replacement of natural fine aggregate by steel slag and 

natural coarse aggregate by waste limestone aggregate. 

8) With the above study, the combined effect of using steel 

slag as a fine aggregate and waste limestone aggregate 

as a coarse aggregate as partial replacements is 

achieved in M20 grade plain cement concrete. 

9) Cement concrete can be made economical by partially 

replacing the natural fine aggregates by steel slag and 

natural coarse aggregates by waste limestone 

aggregates. 

10) By this study, we can produce green, sustainable and 

eco-friendly cement concrete by partially replacing the 

natural fine aggregate by steel slag and natural coarse 

aggregate by waste limestone aggregate. 
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