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Abstract— The construction industry is the largest consumer 

of natural resources which led to depletion of good quality 

natural aggregates. This situation led us to explore 

alternative materials and granular slag a waste industrial by-

product is one such material identified for utilization it as 

replacement of natural Aggregate. The demand for and 

utilization of industrial by-products and wastes in road 

pavements is increasing and becoming more important. 

Government policies and public awareness is also 

contributing to the enhancement of both this demand and 

utilization. Manufactured aggregates may reduce 

environmental strain by minimizing over exploitation and 

indiscriminative use of natural aggregates which we get 

from the mining, quarrying and blasting activities. Waste is 

not a waste unless you waste it. Steel slag has potential and 

may also be utilized if technical feasibility can be proven. 

Hence, the principal objective of this research was to assess 

the possibility of used of steel slag in road pavements. This 

paper focuses on the use of steel slag as partially 

replacement in bituminous mix as coarse aggregate with 10 

%, 20% and 30% Steel Slag Proportion by weight of total 

weight of Mix. 
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I. INTRODUCTION 

The huge quantities of waste (such as scrap tires, glass, blast 

furnace slag, steel slag, plastics, construction and demolition 

wastes) accumulating in stockpiles and landfills throughout 

the world are causing disposal problems that are both 

economically and environmentally expensive. Dealing with 

the rising trouble of disposal of these materials is a matter 

that requires management and commitment by all parties 

involved. One of key solution to a portion of the waste 

disposal problem is to recycle and use these materials in the 

construction of highways. Strategies must be adapted to 

disposal of industrial by-products. So this could be a new 

approach to treat and utilize the biggest solid waste, steel 

slag. The amount of wasted steel slag will decrease, and so 

will its impact on the environment. Besides, natural 

resources will be protected and saved if this way can be 

validated and applied availably in other areas. 

II. OBJECTIVES OF STUDY 

Following are the objectives of study. 

1) To investigate the Physical properties of Steel slag. 

2) To replace natural aggregate with Steel slag. 

3) To study of Marshall Properties (Flow and 

Stability) of Bituminous mixes using Steel slag. 

4) To compare Steel slag bituminous mix with the 

conventional bituminous mix. 

A. Steel Slag: 

Steel slag is a byproduct obtained either from conversion of 

iron to steel in a Basic Oxygen Furnace (BOF), or by the 

melting of scrap to make steel in the Electric Arc Furnace 

(EAF). On average the production of 1 tons of steel results 

in 200 kg (EAF) to 400 kg (BF/BOF) of by- products. 

Properties of steel slag are mentioned in Table 1 and Table 

2. 

Constituent Composition (%) 

CaO 40-52 

SiO2 10-19 

FeO 10-40 (70 - 80% FeO, 20 - 30% Fe2O3) 

MnO 5-8 

MgO 5-10 

Al2O3 1-3 

P2O5 0.5-1 

S <0.5 

Metallic Fe 0.5-10 

Table: 1 Chemical Property 

Sr. 

No. 

Description 

of Test 

Test 

Method 

Test 

Result  

Observed 

Specification 

as per 

MORTH 

Table 500-8 

1 
Stripping 

(%) 

IS:6241-

1971 
97 % 

Minimum 

retain coating 

95% 

2 

Aggregate 

Impact 

Value (%) 

IS:2386 

P-IV 
15.62 % Max 24 % 

3 

Los Angle 

Abrasion 

Value (%) 

IS-2386 

(P-IV) 
24.34 % Max 30% 

4 

Flakiness 

and 

Elongation 

Index (%) 

IS:2386 

(P-I) 
26.66 % Max 30 % 

5 

Water 

Absorption 

(%) 

IS:2386 

(P-III) 
0.71 % Max 2% 

6 
Specific  

Gravity 

IS:2386 

(P-III) 
2.97 NA 

Table: 2 Physical Properties 

III. REVIEW OF LITERATURE 

A review of literature was undertaken to critically evaluate 

and learn from published research findings on the study of 

saturation flow rates as well as relevant information 

pertaining to the validity of the data from a statistical 
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viewpoint. Most research has been conducted to understand 

the effect of different vehicles type on the capacity of 

signalized intersections. Main focus of the review was on 

work zone factors affecting intersection capacity and 

identified various methods which had been used to measure 

saturation flow. 

Shaopeng Wu et al. (2006)  has discussed the 

feasibility of BOF steel slag used as aggregate in asphalt 

pavement by two points of view including BOF steel slag’s 

physical and micro properties as well as steel slag asphalt 

mixtures’ materials and pavement performances. The steel 

slag was used not only for unbound layers like road bases 

and sub-bases, but also for bituminous bound layers like 

surface layers. The conclusions of study was that , based 

upon testing and analyzing, BOF steel slag can be used as 

asphalt mixture aggregate in expressway construction, even 

in some of the performances of steel slag stone matrix 

asphalt mixtures(Smix) transcends where common mixture 

use aggregates from natural resources 

Koranne, S.S. and Bansode, S.S. (2010) studied the 

results obtained by aggregate testing and shows that the 

aggregate produced from water-cooled steel slag meets 

criteria for the used in asphalt mixes. When compared with 

aggregates produced from igneous rocks of silicate 

composition that was  used in asphalt mixes on motorways 

and roads belonging to highest traffic load categories, It was 

concluded that most properties of the slag submitted to this 

testing were equally good. The test results of the asphalt mix 

and placed asphalt layer shows that asphalt produced with 

steel slag aggregate has good resistance to permanent 

deformation, high stability with good flow properties and 

high stiffness modulus. Samples also show high stabilities, 

with good flow properties.  

Zore T. D. et al. had carried experiments by 

replacing natural material by steel slag and fly ash. These 

materials are use as blanket courses, bases or sub bases. It 

can be concluded that steel industry waste product is 

suitable and economical material for use in the road 

construction. Steel slag is easily available and has higher 

CBR value than fly ash hence saving is excess than fly ash 

use. The optimum mix is 15% steel slag mix in subgrade 

and in sub base for road construction. 

Marco Pasetto et al(2010)  presented the results of 

a laboratory study aimed at verifying the use of two types of 

electric arc furnace (EAF) steel slags as substitutes for 

natural aggregates, in the composition of base course and 

road base asphalt concrete (BBAC) for flexible pavements. 

The trial was composed of a preliminary study of the 

chemical, physical, mechanical and leaching properties of 

the EAF steel slags, followed by the mix design and 

performance characterization of the bituminous mixes, 

through gyratory compaction tests, permanent deformation 

tests, stiffness modulus tests at various temperatures, fatigue 

tests and indirect tensile strength tests. All the mixtures with 

EAF slag presented better mechanical characteristics than 

those of the corresponding asphalts with natural aggregate 

and fulfilled the requisites for acceptance in the Italian road 

sector technical standards, thus resulting as suitable for use 

in road construction 

A. Behnooda, M. Amerib,(2012) carried out an 

experimental investigation of stone matrix asphalt mixtures 

and investigated the feasibility of utilizing steel slag 

aggregates in Stone Matrix Asphalt (SMA) mixtures. The 

results showed that the use of steel slag as the coarse portion 

of aggregates can enhance Marshall Stability, the Marshall 

properties of mixtures, resilient modulus, and tensile 

strength, resistance to moisture damage and resistance to the 

permanent deformation of SMA mixtures. The maximum 

average stability value of the mixture prepared with 

limestone was 8.84 kN. The use of steel slag in preparation 

of Marshall Specimens resulted in increased values of 

Marshall Stability. Also, Marshall Quotient values increased 

in mixtures that contained steel slag. The use of steel slag as 

coarse portion of SMA mixtures resulted in an increase in 

MQ values compared to samples that contained limestone in 

their coarse portion. Therefore, the use of steel slag in SMA 

mixtures provides a positive contribution to the overall 

performance of asphalt pavements. 

Praveen Mathew, et al.(2013) in their work  

replaced natural coarse aggregates with steel slag aggregate 

(SSA) at various proportions of 20%, 40%, 60%, 80% and 

100%. Experiments were conducted to determine the 

compressive strength, flexural strength and split tensile 

strength of concrete with various percentages of steel slag 

aggregate. The results were compared with usual concrete. 

The conclusions were drawn on the basis of experimental 

results that steel slag aggregate having acceptable properties 

such as crushing value, impact strength and water absorption 

shall be used in concrete. Incorporating slag in coarse 

aggregate reduces compressive strength by 2% in 20% 

replacement, 16% for 40% replacement, 17% for 60% 

replacement and 19% for 100% replacement.  

The flexural strength of concrete decreases with 

increase in percentage of steel slag aggregate (SSA), but all 

the mixes satisfies the minimum required flexural strength 

of concrete (4 MPa as per IRC 58-2002) for rigid pavement. 

The split tensile strength decreases with increase in 

percentage of SSA by 3.8% for 20% replacement, 8% for 

40% replacement, 12.6% for 60% replacement, 18% for 

80% replacement and 30% for 100% replacement. 

N. Sumi  & R. M. Aalathy (2013) have described 

the optimum level of replacement for strength and 

workability of concrete for pavement by replacing different 

percentage of fly ash and steel slag by weight of cement and 

fine aggregate for a mix of M40 grade concrete. The study is 

made on effect of fly ash and steel slag on the performance 

of various parameters of concrete to produce a cost-effective 

concrete for rigid pavements. An experimental investigation 

has been made to utilize the achieved flexural strength of 

concrete in the rigid pavement design which is greater than 

the required flexural strength as per IRC: 58-2002. 

Pavement design results are verified with Analysis software. 

Sr. 

No. 

Description of 

Test 

Test 

Method 

Test results 

Observed 

Test results 

Observed 

1 

Penetration 

value of 

bitumen 

IS : 

1203 
59.61 50-70 mm 

2 Ductility 
IS : 

1208 
91.54 Min 40 cm 

3 
Specific 

Gravity 

IS : 

1208 
1.02 Min 0.99 

4 
Softening 

Point 

IS : 

1205 
54.47 >47 

0
C 

Table 3: Physical Properties Of Bitumen (VG 30) 
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IV. METHODOLOGY 

This research work is based on laboratory investigation and 

analysis of different tests carried out in the laboratory. The 

different tests for fly Steel slag are Specific Gravity test, 

Impact value test, Abrasion test, Flakiness test (F.I) and 

Elongation index (E.I), Penetration test, Ductility test, 

softening point. The different proportions of steel slag will 

be used and the Marshall Stability test and stability-flow 

analysis will be carried out to check the use of steel slag in 

the modified bituminous mixes for flexible pavement. 

Finally the recommendations will be given in terms of 

proportion of steel slag content for pavements. 

A. Methods for Marshall Stability test 

Marshall Method is applied with penetration bitumen or 

viscosity grade bitumen (VG 30). It requires the preparation 

and evaluation of a series of tests with different bitumen 

content of each other. The Marshall test uses standard 

cylindrical test specimen that are 10 cm diameter by about 

7.5cm high. The specimens are prepared using a prescribed 

procedure for heating, mixing and compacting the bitumen-

aggregate mixtures. The two principle features of the 

Marshall method of mix design are a density-voids analysis 

and a stability-flow test of the compacted test specimens. 

The stability test is a type of unconfined compressive 

strength The Marshall stability of each test specimen is the 

maximum load resistance in Newton that the specimen 

develops, whilst the Marshall Flow value is the total 

movement or strain occurring in the specimen between no 

load and maximum load during the stability test. The 

optimum binder content then selected for design is 

essentially a compromise value which meets specified 

requirement for stability, deformation and void content. 

The coarse aggregates and Steel aggregate, fine 

aggregates and the Stone Dust material should be 

proportioned and mixed in such a way that final mix after 

blending has the gradation within the specified range. 

The specified gradation of mineral aggregates and 

bitumen as per IRC 29-1968.The aggregate and Stone dust 

are mixed together in the desired proportion as per the 

design requirements and fulfilling the specified gradation. 

The required quantity of the mix is taken so as to produce 

compacted bituminous mix specimen of thickness 63.5 

approximately. Approximately 1200g of aggregate in which 

10 %, 20% and 30%  by the weight of Mix the steel slag  

and stone dust are taken and heated to a temperature of 175
0
 

to 190
0
C. The bitumen heated to temperature of 120 

0
C to 

138
0
C and the required quantity of first trial percentage of 

bitumen 4.5 % by weight of mineral aggregate is added to 

the heated aggregate and mixed together. The mixing is 

temperature about 160 
0
C. The mix is placed in mould and 

compacted by rammer with 75 blows on each side. Then the 

sample was extracted and heat at 60 
0
C according to the 

standard procedure. The dry blending method used in which 

the hot aggregates mixed with filler in the prescribed 

quantities and then binder added to the mix in respect to 

bitumen content 5%, 5.5 %  and 6% . The summary of 

Marshall Method mix design consists of the following step  

1) Prepare a series of test specimens for a range of 

different binder content.  

2) Determine the bulk density of each specimen.  

3) Calculate the percentage of air voids in each 

compacted specimen.  

4) For each specimen, calculate the percentage of 

voids in the compacted mineral aggregate 

framework.  

5) Determine the Marshall Stability and Flow of each 

specimen.  

6) Correct the measured stability values. and Prepared 

separate graphical plots for binder content versus 

each of the following;  

7) Stability, Flow value, GMB (Bulk sp. Gravity), 

Voids in mineral aggregates (VMA), Air voids 

content,    VFB (voids filled with bitumen).   

8) Determine the optimum bitumen content.  

B. Test Results 

The 20 % steel slag aggregate is selected for the Marshall 

Stability test and the following are result of 20 % Steel slag 

aggregate. 

(1). 20% Steel Slag Aggregate (10mm) 

%Bitumen Content Gt Gm Vv Vb 

4.5 2.58 2.35 8.914 8.861 

5 2.56 2.381 6.992 10.052 

5.5 2.54 2.446 4.142 11.214 

6 2.53 2.414 3.32 12.501 

6.5 2.51 2.402 4.302 13.329 

Table 4: Volumetric Properties of Mix For   20 % Steel Slag 

Aggregate (10mm) 

%Bitumen 

Content 
VMA VFB Stability 

Average 

Flow 

4.5 17.775 49.85 8.098 2.096 

5 17.044 58.976 10.627 2.359 

5.5 15.356 73.026 13.94 2.582 

6 15.821 79.015 10.866 2.918 

6.5 17.631 75.559 7.894 3.083 

Table 5: Volumetric Properties of Mix For   20 % Steel Slag 

Aggregate (10mm) 

(2). For Conventional Mix 

%Bitumen Content Gt Gm Vv Vb 

4.5 2.555 2.334 8.649 8.88 

5 2.537 2.36 6.976 9.963 

5.5 2.519 2.405 4.525 11.227 

6 2.502 2.387 4.596 12.2 

6.5 2.485 2.369 4.668 13.146 

Table 6: Volumetric Properties of Mix For Conventional 

Mix 

%Bitumen 

Content 
VMA VFB Stability 

Average 

Flow 

4.5 17.529 50.658 7.175 2.11 

5 16.939 58.816 9.567 2.56 
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5.5 15.752 71.273 12.301 2.97 

6 16.796 72.636 10.59 3.23 

6.5 17.814 73.795 8.303 3.56 

Table 6: Volumetric Properties Of Mix For Conventional 

Mix 

 

V. CONCLUSION 

From the Various Laboratory Test performed on Steel Slag 

and result were collected. The Test result shows good and 

within the Indian Specification. The Steel Slag aggregate 

satisfy the Basic requirements for Used as aggregate. 

The following are conclusion  

1) The aggregate striping value was conducted on 

Steel slag with VG 30 Bitumen. The striping value 

is 97 % which is within limit 

2) The Steel slag physical properties like Impact 

Value, Abrasion Value, Specific Gravity and water 

absorption are as  per requirements of MORTH. 

3) The Marshall Stability and Flow value are satisfied 

for the 20 % steel slag proportion. 

4) The result of conventional mix and steel slag 

aggregate mix shows almost same.  
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