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Abstract— Cement concrete is capable of doing many things 

competently in construction industry and having varied uses 

or many functions in building construction. Cement concrete 

contains mainly cement, water, fine aggregate and coarse 

aggregate. Because of fast moving of construction industry 

leads to increase in use cement concrete in every 

construction project hence increase in the use of cement 

concrete materials namely Natural River sand and cement. 

So availability of this material are becoming insufficient in 

present world so today researcher have doing their best to 

find out alternative materials for this without losing their 

strength and durability. With same waste materials from 

industries damaging the comfort of human beings and 

environment to overcome this problem we made an attempt 

in our laboratory work to minimize this problem. In this 

project we used the industrial steel slag in place of natural 

sand with addition of steel fiber in cement concrete for M30 

grade of concrete. 
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I. INTRODUCTION 

Speedy industrialization throws extra amount of industrial-

solid waste. The negative result of this solid waste leads to 

create various problems to the environment. Moreover, these 

manufacturing products are the main cause for volatilization 

of CO2 and other hazardous gases which causes global 

warming and the destruction of the ozone layer which 

protects the large body from hazardous cosmic rays. 

Laboratory studies going on in utilization of manufacturing 

product waste and by products as partial or fully 

replacement of materials in concrete and construction 

industry, which in itself is a better reciprocal to dumping 

such waste as it will decreases the problems in environment 

and prevent the condition of outlaying area and this process 

helps in leading the change in environment and construction 

industry. 

In latter-days there is mighty progress in the sector 

of admixtures and present days the pozzolonic admixtures 

like silica, fly ash are commonly used to make better 

achievement characteristics of cement concrete. It is 

necessity of time to study and experiment the structures 

which will greatly improve the quality of being strong and 

power to withstand the force which leads to create grate 

performance concrete. The prime important in developing 

the high performance concrete is to have immense control 

on environment and to make structure strong and durable. 

However, use of pozzolonic admixtures like silica which 

directly affects the value of the project. Now its necessity to 

find the replacement for silica without losing the quality and 

performance of concrete on of better substitute of silica is 

industrial wastes.  Industrial wastes are two types: industrial 

by products and recycled wastes. The-first-type includes 

coal-ash, several- slags from metal industries-industrial-

slush and decay from industries and the other type industrial 

waste are various waste like capable of being moulded and 

rubber-wastes. 

II. OBJECTIVES OF THE STUDY 

Thesis includes the following objectives of the work 

1) Partial replacement of fine aggregate by an industrial 

steel slag with steel fiber as an additive in cement 

concrete of mix M3O grade. 

2) To obtain the strength of cement-concrete at various 

level of replacement of industrial steel slag with varying  

percentage with addition of steel fiber 

3) To procure a mix proportion for  M30 grade cement 

concrete using industrial steel slag as partial-

replacement of natural-sand and steel fiber as an 

additive to the cement concrete and establish the 

optimum usage of industrial steel slag and steel fiber. 

4) To learn the Workableness characteristics of M30 grade 

normal cement concrete with Different levels of 

replacement of industrial-Steel Slag and steel fiber. 

5) To learn the Compressive Strength of M30 grade 

normal cement concrete with different levels of 

replacement of industrial Steel Slag and steel fiber as an 

additive. 

6) To learn the Flexural Strength of M30 grade normal 

cement concrete with different levels of replacement of 

industrial Steel Slag and steel fiber as an additive. 

7) To learn the Split Tensile Strength of M30 grade 

normal cement concrete with different levels of 

replacement of industrial Steel Slag and steel fiber as an 

additive. 

III. METHODOLOGY 

Following are the materials that are used in cement concrete: 

A. Cement 

 In this laboratory study, we have used the Portland 

pozzolona-cement in cement concrete. Portland pozzolona-

cement is fly ash based cement. Natural properties of the 

cement used are mentioned down in following table. 

PARTICULARS VALUES OBTAINED 

1. Specific gravity 2.68 

2. Setting time (min)  

a. Initial set 46 minutes 

b. Final set 326 minutes 

3.Standard consistency 36% 

Table 1: 
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B. Fine Aggregate 

In this laboratory work, we have used the clean river sand as 

fine aggregate. The specific gravity and fineness modulus of 

natural sand were found to be 2.62 and 2.90% respectively 

ZONE-III. 

C. Coarse Aggregate 

In this laboratory work we have used coarse aggregate 

collected from local prabhudev construction Gulbarga. The 

specific gravity of coarse aggregate is 2.83 and water 

absorption is 0.80%. The size of the coarse aggregate is 

20mm down is adopted. Tests on aggregate are specific 

gravity and water absorption test, abrasion test (by Los 

Angeles abrasion test, deval abrasion and dory abrasion 

test), crushing test and impact test. 

D. Industrial Steel Slag 

In this laboratory work we have made an attempt to use the 

industrial waste by product in place of natural river sand in 

cement concrete. Steel slag was obtained from JSW hospet 

in Bellary district. The specific gravity of steel slag is 2.204 

and fineness modulus is 3.26% respectively ZONE-I. 

E. Steel Waste 

Locally available steel wastes from lathe industries were 

collected for the experimentation. The dosage for steel fibers 

is considered 0.5% in first series of laboratory work and 1%- 

2% of the volume of the moulds in second series of 

laboratory work. As per aspect ratio we have considered 

length of 20 mm. 

F. Water 

In our laboratory work clean Portable tap water was used for 

the preparation of specimens and the curing of the 

specimens in cement concrete. 

IV. CONCRETE MIX DESIGN FOR M30 GRADE CONCRETE 

In this laboratory work, we have used the M3O grade of 

concrete in experimental work. As per IS 10262-2009 we 

have obtained the mix design for regular concrete and from 

this obtained mix design of regular concrete we determined 

the mix proportion of industrial steel slag and steel fiber. 

A. Mix Proportions 

Cement = 437.77 kg/m3 

Water = 197.0 kg/m3 

Fine aggregates = 694.82 kg/m3 

Coarse aggregates = 1125.77 kg/m3 

Admixtures = 0 kg/m3 

Water Cement Ratio = 0.45 

Therefore, mix proportion per cubic meter of concrete are, 

Water Cement Natural Sand Coarse Aggregate 

0.45 1 1.587 2.571 

Table 2: 

V. CASTING AND TESTING OF SPECIMENS 

In this laboratory work, the cement concrete mix design was 

determined for M30 grade of concrete. According to mix 

design target strength of mix proportioning were determined 

and after that water cement ration was determined and all 

constituent  of cement proportion were determined as per 

standard code. Than after the determination of all 

constituent of cement the proportioning of cement concrete 

is carried out. In this project work we carried our project by 

partial replacement of natural sand by industrial slag and we 

have added the steel fiber as an additive in cement concrete. 

In this work we made an attempt in two series in first series 

we carried our project by partial replacement of natural sand 

by industrial steel slag in varying percentage namely 10%, 

20%, 30%, 40%, 50% and 60% with addition of 0.5% steel 

fiber(constant) and in second series we kept steel slag 

constant 40% and we added steel fiber in varying percentage 

namely 0.5%, 1%, 1.5%, 2%, 2.5% and 3% in cement 

concrete in this way we carried our laboratory work to find 

the compressive strength, tensile strength and flexural 

strength of cement concrete. Specimens of standard size as 

per Indian standards have been used for finding of strength 

of cement concrete. All materials are collected and weighed 

in weighing machine and after weighing of materials all 

materials are mixed in mixing tray in respective proportion 

and obtained water is added to this mix and mixing of 

cement concrete is carried out. 

Testing Procedure: 

A. Compressive Strength of Cement Concrete 

To determine the compressive strength of cement concrete, 

after finishing of laboratory work and 28 days curing the 

specimen taken out from curing tank and removed specimen 

is cleaned with the help of cloth and specimen is kept in 

atmosphere for few hours to dry. After that weight of this 

specimen is taken and after taking the weight the specimen 

is kept in compressive testing machine of 2000 KN capacity 

as recommended by IS 5816-1959. Value of compressive 

strength is noted when failure of specimen occurs. 

The compressive strength of specimen calculated by using = 

F = P/A 

B. Split Tensile Strength of Cement Concrete 

To find the split tensile strength of concrete, overall 

completion of work and curing periods of cylinder after this 

the cylinder is separated from curing container and it 

cleaned with cloth and weight of specimen is taken and it is 

taken near the compressive testing machine and cylinder is 

placed in horizontal in testing machine of 2000KN capacity 

and load applied gradually until specimen get fail and note 

down the reading of failure of specimen.  Tensile strength is 

determined using F= 2P/ (πDL) 

C. Flexural Strength of Cement Concrete 

To investigate the value of flexural strength of specimen, in 

the end of curing period of prism the specimen is taken out 

from curing space and it is washed with cloth and weight of 

cleaned specimen is noted and this specimen is carried out 

close to universal testing machine and specimen is placed in 

testing machine like loading is placed at 133 mm distance 

and bottom placed at 400 mm. after proper placing of 

specimen as per IS recommended, load is applied at rate of 

140 kg/cm2/min or 1800 N/min until specimen get failed 

and note down the failure specimen. 

In the end if amount of space between the line of 

fracture more than 133 mm than following equation used - 

Fb= (P x L) / (b x d2) 

If line of fracture is more than 110 mm and less 

than 133 mm than below mentioned equation used- Fb=(3 x 

p x a) / (b x d2) 
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VI. RESULTS 

A. Slump Results 

Slump cone results for M30 Grade of cement concrete 

shown in table below 

Sl. 

No 

Percentage of steel 

slag 

Addition of steel 

fiber 

Slump in 

mm 

1 0 0 74 

2 10 0.5 76 

3 20 0.5 79 

4 30 0.5 83 

5 40 0.5 87 

6 50 0.5 84 

7 60 0.5 81 

Table 3: 

 
Fig. 1: 

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 40% with a 

0.5% addition of steel fiber in cement concrete 

B. Compressive Strength of Cement Concrete 

Compressive strength results for varying percentage of steel 

slag with addition of 0.5% steel fiber in cement concrete. 

 
Table 4: 

 
Fig. 2: 

From the above graphical representation, we can 

observe that the compressive strength is gradually increasing 

with replacement of FA by SS i.e. 0% to 40%, with an 

addition of 0.5% steel fiber. Hence compressive strength of 

cement concrete shows the highest at 40% SS + 0.5% SF i.e. 

41.081 N/mm2 at 28 days   for same curing period as that of 

normal cement concrete. This concludes that after 40% 

replacement by SS with an addition of 0.5% SF in cement 

concrete there is an decrease in compressive strength. 

C. Split Tensile Strength of Cement Concrete 

Split tensile results for varying percentage of steel slag with 

addition of 0.5% steel fiber in cement concrete 

 
Table 5: 

 
Fig. 3: 

From the above graphical representation, we can 

observe that the tensile strength is gradually increasing with 

replacement of FA by SS i.e. 0% to 40%, with an addition of 
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0.5% steel fiber. Hence Split tensile strength of cement 

concrete shows the highest at 40% SS + 0.5% SF i.e., 4.061 

N/mm2 at 28 days for same curing period as that of normal 

cement concrete. This concludes that after 40% replacement 

by SS with an addition of 0.5% SF in cement concrete there 

is an decrease in tensile strength. 

D. Flexural Strength of Cement Concrete 

Flexural strength results for varying percentage of steel slag 

with an addition of 0.5% of steel fiber in cement concrete 

 
Table 6: 

 
Fig. 4: 

From the above graphical representation, we can 

observe that the flexural strength is gradually increasing 

with replacement of FA by SS i.e. 0% to 40%, with an 

addition of 0.5% steel fiber. Hence flexural strength of 

cement concrete shows highest at 40% SS + 0.5% SF i.e. 

7.127 N/mm2 at 28 days for same curing period as that of 

normal cement concrete. This concludes that after 40% 

replacement by SS with an addition of 0.5% SF in cement 

concrete there is an decrease in flexural strength. 

E. Compressive Strength Results 

for Varying Percentage of addition of Steel fiber with 40% 

replacement of natural sand by steel slag in cement concrete 

shown below 

 
Table 7: 

 
Fig. 5: 

From the above graphical representation, we can 

observe that the compressive strength is gradually increasing 

with addition of steel fiber i.e. from 0% to 1.5% of steel 

fiber, with constant 40% replacement of FA by SS in cement 

concrete. Hence compressive strength of cement concrete is 

highest at 40% SS + 1.5% SF i.e. 41.909 N/mm2 at 28 days 

for same curing period as that of normal cement concrete. 

This concludes that after 40% replacement with SS with an 

addition of 1.5% SF in cement concrete there is an decrease 

in compressive strength.  

F. Split Tensile Strength for 

varying percentage of addition of steel fiber with 40% 

replacement of natural sand by steel slag in cement concrete 

shown below 

 
Table 8: 
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Fig. 6: 

From the above graphical representation, we can 

observe that the tensile strength is gradually increasing with 

an addition of steel fiber i.e. from 0% to 2% of steel fiber, 

with constant 40% replacement of FA by SS in cement 

concrete. Hence split tensile strength of cement concrete is 

highest at 40% SS + 2% SF is 5.070 N/mm2 at 28 days for 

same curing period as that of normal cement concrete. This 

concludes that after 40% replacement with SS with an 

addition of 2% SF in cement concrete there is an decrease in 

tensile strength. 

G. Flexural Strength Results for 

varying percentage of addition of steel fiber with 40% 

replacement of natural sand by steel slag in cement concrete 

shown below 

 
Table 9: 

 
Fig. 7: 

From the above graphical representation, we can 

observe that the flexural strength is gradually increasing 

with an addition of steel fiber i.e. from 0% to1.5% of steel 

fiber, with constant 40% replacement of FA by SS in cement 

concrete. Hence flexural strength of cement concrete shows 

highest at 40% SS + 1.5% SF i.e. 7.383 N/mm2 at 28 days 

for same curing period as that of normal cement concrete. 

This concludes that after 40% replacement with SS with an 

addition of 1.5% SF in cement concrete there is an decrease 

in flexural strength. 

VII. GALLERY 

 
Fig. 8: 

 
Fig. 9: 

VIII. CONCLUSION 

1) Suitable mix proportion is determined for M30 grade of 

cement concrete using industrial steel slag in place of 

natural sand with addition of steel fiber as an additive. 

2) Slump cone test result shows the consistency of cement 

concrete increases as the percentage of replacement of 

natural river sand by steel slag increases up to 40% and 

with addition of steel fiber in cement concrete. 

3) From this study, we conclude that, natural river sand 

can be partially replaced by steel slag up to 40% with 

1.5% of steel fiber. 

4) From above study, we conclude that, optimum value is 

gained at 40% replacement of natural sand by industrial 

steel slag with addition of 0.5% steel fiber in cement 

concrete shows optimum value for compressive 
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strength, tensile strength and flexural strength results 

for M30 grade of cement concrete.  

5) From experimental investigation the result analysis of 

Compressive strength of cement concrete showed 

highest at 40% SS and 0.5% SF with 41.081 N/mm2 at 

28 days of curing period, tensile strength highest at 40% 

SS and 0.5% SF with 4.061 N/mm2, flexural strength 

highest at 40% SS and 0.5% SF with 7.127 N/mm2 for 

first series. 

6) In second series work by keeping the 40% industrial 

steel slag constant in cement concrete and using 

different percentage of steel fiber shows the 1.5% 

addition of steel fiber to cement concrete increases the 

compressive strength and flexural strength of cement 

concrete. 

7) 2% addition of steel fiber in cement concrete shows the 

increase in the tensile strength of cement concrete for 

M30 grade of concrete. 

8) Optimum value we gained in second series is 40% 

SS+1.5% SF for compressive strength and flexural 

strength and 40% SS + 2% SF for tensile strength of 

cement concrete for M30 grade of concrete. 

9) Compressive strength of cement concrete showed 

highest at 40% SS and 1.5% SF with 41.909 N/mm2 at 

28 days of curing period, tensile strength highest at 40% 

SS and 2% SF with 5.070 N/mm2, flexural strength 

highest at 40% SS and 1.5% SF with 7.383 N/mm2 for 

second series of work. 
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