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Abstract— The global demand of concrete in the future is more 

challenging task to find the suitable alternatives of natural 

aggregates, sand and cement for preparing concrete. Rigid 

pavement is the one type of pavements which resists more 

against the external loads and long life period if it is well 

designed. Rigid pavement structure is composed of a hydraulic 

cement concrete surface course and underlying base and sub 

base courses (if used). Concrete is prepared by mixing various 

constituents like cement, aggregates, water, etc. which are 

economically available. Concrete plays a critical role in the 

design and construction of the nation’s infrastructure. Almost 

three quarters volume of concrete is aggregates and the 

important content of concrete is cement. We have to find the 

suitable alternatives for both of these materials. 

I. INTRODUCTION 

Steel slag is a co-product of the steel making process in 

which Steel cannot be prepared in the Basic Oxygen 

Furnace (BOF) or in an Electric Arc furnace (EAF) without 

making its co-product; steel slag. The use of steel slag 

aggregates in concrete by replacing natural aggregates is a 

most promising concept. Steel slag aggregates are already 

being used as aggregates in concrete paving road mixes due 

to their mechanical strength, stiffness, porosity, wear 

resistance and water absorption capacity. 

The Fly ash is also by-product material of coal, which uses 

in furnaces for producing of heat and high temperature. Fly 

ash is the west material of coal combustion in furnaces. 

Fly ash is already being used in 15-30 % ratios of cement in 

concrete as a replacement of Portland cement duo to their 

physical and mechanical properties and similarity with 

cement. 

Studies and tests are done about use of steel slag as an 

aggregate and fly ash as cement in concrete by different 

researchers, but the researches were done separately for 

each of these materials. 

Here we want to do research on uses both of steel slag and 

fly ash in cement concrete mix, their effects, optimum 

percentage of suitable replacement, and economic 

comparison of concrete with and without steel slag and fly 

ash. There are we conducted experimental tests on 

conventional and modified concretes. 

The problem of fly ash and steel slag utilization is not 

confined to India alone but is being experienced all over the 

world. However, this problem is particularly acute in countries 

like India, where utilization of fly ash and steel slag has not 

received much attention. The degree of its utilization varies 

among different countries.  

In India, the present rate of utilization of waste material is 

only about 10 percent, which is below the world average of 

about 16 percent. Hence in this Study, it is aimed to describe 

the use of flu ash and steel slag in rigid pavement road works 

and its improvement of strength with compare to the 

conventional concrete.  

Extensive researches have been conducted for the applications 

of steel slag in broad areas of construction also fly ash 

material used in asphalt and Portland cement product. 

Thus, an important need exists to quantify the benefits of 

using such cheap materials in concrete technology and 

concrete asphalt pavement.  

In this study, several experiments have been conduct to study 

the effect of adding steel slag aggregates and fly ash in 

concrete composite and measuring the effect of these 

materials on the mechanical behavior of hardened concrete in 

order to overcome such problem mentioned above. The 

percentages of replacement in the concrete mix will be in 

range from 0 to 50%.  

Following are objectives of the studies: 

 To study the effect of steel slag and fly ash in concrete 

mix for different proportions. 

 To compare various results with conventional concrete 

and modified concrete.  

The Basic scope of this research is to investigate the 

properties of concrete with steel slag aggregates and fly ash 

cement, and economical evaluation of suitable sample. 

 To carry out physical tests on the aggregates, steel slag 

as per IS: 383 and fly ash as per IS: 3812 Guidelines. 

 To design a concrete mix for M30 as per IS:10262 

Guidelines. 
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 To conducted required tests such as compressive 

strength, flexural strength as per IS: 516, and split 

tensile strength as per IS: 5816, of conventional and 

modified concrete.  

 

II. MATERIALS 

(A) Cement 

Concrete is composed by different materials such as 

aggregates, water, cement as termed as binder because it 

brings the cohesiveness between the all ingredients 

combined together for producing one material called 

concrete. There are different types of cement used in 

construction of structures but ordinary Portland cement is 

popular binder used widely. According to ASTM, provided 

the definition of Portland cement as hydraulic cement which 

form a water-resistance product that produced by 

pulverizing clinker consisting the hydro calcium silicate and 

inter-ground addition. This type of cement is made by 

fusing calcium bearing materials with alumina-bearing 

materials. The sources of calcium are from limestone, 

shells, chalks etc.  

In these studies, ordinary Portland cement of 53 grades has 

been selected to be used in concrete mix, and its physical 

requirements are established according to India 

specification (IS-12269).  

 

(B) Aggregates 

Aggregate is an inert, inexpensive material dispersed 

throughout the cement paste so as to produce a large volume 

of concrete. Alternative definition, it is considered as inert 

materials of small sizes obtained either from decomposition 

or crushing of rocks. Two types of aggregates according to 

nature formation: 

Natural aggregate: they are extracted from the soil but 

without undergoing any modification in their internal 

structures.  

Artificial aggregate: they also come from the soil but result 

is a mix of physical or chemical modification operated on 

them. This process of obtaining artificial aggregate can be 

done by crushing them into the small sizes needed on the 

site. Aggregates are classified according to the size, shape, 

and texture and unit weight.  

 

(C) Fine aggregates 

Fine aggregates are the aggregates’ passing through 4.75 

mm IS sieve. Indian specification classifies the final 

aggregate into four types based on its gradation as fine 

aggregate of grading zone-I to zone IV.  

Zone I is the fine aggregate passing 4.75 which is having 

the grading of 90 to 100%. Zone IV is the finer aggregate 

passing 150 Microns IS sieve having grading of 0 to 15%. In 

these studies, the sand used in concrete is local river sand 

which is classified in zone II. The analysis is done by using 

the Indian standard method for checking the size of sand. The 

results from laboratory are presented in the form of sieve 

analysis of fine aggregate. The specific gravity of river sand 

used in these studies is 2.63 with the water absorption of 

1.24%. 

 

(D) Flay ash 

Fly ash concrete was first used in the U.S. in 1929 for the 

Hoover Dam, where engineers found that it allowed for less 

total cement. And the major breakthrough in using fly ash in 

concrete was the construction of Hungry Horse Dam in 1948, 

utilizing 120,000 metric tons of fly ash. This decision by the 

U.S. Bureau of Reclamation paved the way for using fly ash 

in concrete constructions. It is now used across the country. 

Consisting mostly of silica, alumina and iron, fly ash is a 

“pozzolan” which is a substance containing aluminous and 

siliceous material that forms cement in the presence of water. 

When mixed with lime and water it forms a compound similar 

to Portland cement. 

Fly ash has also been used as substitute mineral filler in 

asphalt paving mixtures for many years. In these studies the 

cement have been replaced by fly ash for different replacing 

ratios of mixing (0, 05, 10, 15, 20, 25) 

 

(E) Steel slag 

Based on the definition of steel slag as by-product of industry 

steel making which can be produce by oxygen furnace or 

electric arc furnace. It is produced in the form of rocks which 

is ground into small particle size as fine or coarse steel slag 

for construction purpose. It is characterized by different 

mineral which combined together for producing good 

construction steel slag material, especially in road pavement. 

The main composition of steel slag is iron oxide, silicate oxide 

ferrous metallic, and manganese and aluminate oxide. In order 

to evaluate the quality of steel slag, the different tests have 

been conducted with respect the shape and size required to 

produce good mixture of concrete. The specific gravity of 

steel slag varies 3.0 to 4.0. 

In these studies the natural coarse aggregates of 20 mm have 

been replaced by coarse steel slag aggregate of 20 mm for 

different replacement ratio of mixing (0, 10, 20, 30, 40and 

50%).  

 

(F) Water  

Water is important ingredient of concrete as it actively 

participates in chemical reaction with cement. The specific 
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gravity of water as specified by Indian standard code is 1.0. 

The quality of water is important because impurities in it 

may interfere with the setting of cement may adversely 

affect the strength of the concrete. Water cement ratio used 

in this research was 0.4 as proved after obtaining the 

required workability as well as strength of concrete. 

III. EXPREMINTAL RESULTS 

This chapter has been focused on the determination of the 

quantity of concrete ingredients required to produce the 

good concrete mixes as well as the required strength. The 

materials used in these studies are available locally and 

research materials as fly ash and steel slag has been found 

in Ahmedabad. It is discussed also the results obtained from 

different experiments for grading of aggregates, fresh and 

hardened concrete.  

In order to evaluate the strength of concrete, the three 

specimens are casted and tested for each age according to 

Indian standards.  

The data collected from laboratory are summarized in the 

form of tables and charts in order to simplify the 

understanding of results obtained. 

 

2.2 Grading of aggregates 

The materials used in these studies are found locally, the 

coarse aggregates of 10 and 20 mm are used and replaced 

by the steel slag of 10 and 20 mm size and Portland cement 

replaced by fly ash C respectively.  

The fine aggregates used in these studies are also found 

locally as river sand. 

The specific gravity water absorption Bulk density 

aberration value of aggregates and steel slag are shown 

chart:  

 
Fineness modulus of sand, coarse aggregates and coarse 

steel slag as per IS: 2386 are 2.58, 8.10, and 8.41 

respectively. 

 

2.3 Mix proportion of concrete 

According to bureau of Indian standard guideline described 

in literature review, the mix design is required to select the 

suitability of materials as well as determination of quantity 

required in mix for producing the good concrete.  

The materials used in these studies are aggregate, sand, 

cement and water.  

The following information is considered in determination of 

mix proportion:  

• Grade of concrete: M30 and Grade of cement: 53 OPC  

• Maximum nominal size of aggregates: 20 mm  

• Workability of required: 50 to 70 mm and Maximum 

water cement ratio: 0.45  

• Type of aggregate: crushed angular aggregate and sand 

• Minimum and maximum cement content: 360 to 540 

kg/m3 thereafter the all required quantities were 

determined according to IS: 10262-2009.  

Summary of all data calculated in the form of tables as shown 

below:  

 
Numbers of specimens and quantity of mix materials for each 

trail of mix proportion in these studies: 

6 Cubes (15x15x15) cm for 7 and 28 days curing 

6 Cylinders (15ØX30) cm for 7 and 28 days curing 

3 Beams (15X75) cm for 28 days curing   

Quantity of Mix materials for each proportion of these studies 

are in kg/cc. 

 
 

2.4 Experimental results 

The concrete mix proportion used in these studies is 

1:1.5:2.58 with the water cement ratio of 0.42. 

The concrete mix of M30 is selected in these studies as per 

rigid pavement requirement. According to Indian standard 

referred for performing different laboratory experiments, the 

two types of concrete properties are evaluated.  

 

2.4.1 Fresh concrete  

Fresh concrete is the property of concrete which is evaluated 

in term of workability by slump and compaction factor test. 

The bulk density (unit weight) is also tested; the following 

table and pictures show the results and work of fresh 

concrete’s tests of four trails of conventional and modified 

concrete:  
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2.4.2 Hardened concrete  

The important property of hardened concrete is the strength 

which is evaluated in term of compressive, flexural, split 

tensile strength in these studies. The different specimens are 

casted for each trial of mix.  

According to Indian standard, the minimum 3 specimens are 

casted for each age of curing (7&28 days) and tested.  

 

A. Compressive strength  

The compressive strength of hardened concrete is tested 

according to Indian standard (IS-14858:2000). The 3 

specimens of cubes (15*15*15 cm) were casted and tested 

for age of 7 and 28 days. The plane area of specimen 

(cubes) is calculated (150*150) mm and obtained 22500 

mm2. The following pictures and figures show the research 

work in the laboratory for different experiments:  

 
 

B. Split tensile strength  

The tensile strength of hardened concrete is tested according 

to Indian standard (IS: 5816-1970). The 3 specimens of 

cylinder are casted and tested for each 7 and 28 days of 

curing. In these studies, the 7 and 28 days of curing are 

presented for conventional and modified concrete.  

The maximum load applied on the cylinder specimens was 

250 and 500 KN respectively. The specimens are tested 

horizontal with the area equal 141372 mm2.  

The split tensile strength of concrete should be between 8 to 

12% of compressive strength results.  

In this experimental testing procedure and result is shown in 

the form of figures and table. The split tensile strength is 

found between 9 and 12% of compressive strength results as 

shown in the figure and table below:  

 
 

C. Flexural strength 

Flexural strength of hardened concrete is evaluated according 

to Indian standard (IS: 516 - 1959). 

The 3 specimens of beams (15*15*75 cm) are casted and 

tested for 28 days of curing.  

The flexural strength test of both conventional and modified 

concrete is also carried out for checking the modulus of 

rupture. In the below table shows the average results in which 

modified concrete performed better with compare to 

conventional concrete. 

 
 

2.5 Summary  

The experimental results described in this chapter have 

presented for both conventional and modified concrete. The 

different tests performed for fresh concrete proved that fly ash 

and steel slag are the best waste materials to be used in road 

construction. 

The results obtained from 7&28 days of compressive strength 

test have demonstrated the required targeted strength (36 

Mpa) is achieved except the last trail.  

Split tensile strength result is found as 10% of compressive 

strength as specified by bureau of Indian standard code.  

Flexural strength results also show that the increasing the 

waste materials %, the strength increased considerably. 

The both fly ash and steel slag could be used as the mix 

materials in place of natural aggregates and cement if locally 

and economically available 

IV. CONCLUSION 

The effect of steel slag and fly ash on the properties of 

concrete mix for rigid pavement in the main research work 

have carried out in these studies, thereafter the comparison 

between the both conventional and modified concrete have 

considered in order to cheek the suitability of optimum 

quantity of waste materials and concrete mix and their effects 
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on it. The following conclusions are written based on the 

context of this paper: 

• Steel slag is a by-product of the steel making process, 

which is already being used as aggregates in concrete 

paving road mixes due to their mechanical strength, 

stiffness, wear resistance and water absorption 

capacity. 

• The Fly ash is also by-product and waste material of 

coal combustion in thermal power houses. Fly ash is 

already being used in 15-30 % ratios of cement in 

concrete as a replacement of Portland cement duo to 

their similar physical and mechanical properties.  

•  In these studies, the replacement on aggregates and 

cement by steel slag and fly ash percentage such as 0, 

10, 20, 30, 40, 50% and 0, 5, 10, 15, 20, 25% 

respectively. 

• Fly Ash & Steel slag could be used in concrete mix 

because of its suitable Physical and Mechanical 

properties.  

• The fresh modified concrete results show that fly ash 

& steel slag could be used as alternative concrete 

materials. 

• The compressive, Split tensile and flexural strength of 

conventional concrete is less than modified concrete 

up to Trail Mix No 4, but in Trail no 5, it is not 

achieved the required strength. 

• As per excremental results we can select trail no 4 

(replacing of 15 % of flay ash and 30 % of steel slag) 

as optimum replacement of aggregates in cement for 

30 Mpa concrete. 

• As per cost comparison of conventional and modified 

concrete, if the fly ash and steel slag as co product 

materials could be locally available, are cheaper than 

cement and aggregates. 
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