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Abstract:- Production is always accompanied with 

generation of waste. A waste is not a waste unless we find 

its potential to utilize it as resource. In India there are many 

steel plants which are producing several million tons of 

steel. However, the production of steel is associated with 

generation of slag, a solid waste. This large quantity of steel 

slag generated has no significant applications and is dumped 

haphazardly.On the other hand, industrialization and 

infrastructure development in large scale has caused 

depletion of natural resources that has resulted in scarcity of 

natural construction materials. Hence, it is imperative to find 

alternatives for conventional construction materials. Many 

researches have been carried out to use industrial waste for 

construction activities. Steel slag is one potential industrial 

waste that can be utilized as an alternative for natural. Road 

sector is a large consumer of natural aggregates; therefore 

steel slag can effectively be used as a replacement in large 

volume.Reuse of steel slag as an alternative can be seen as a 

way to limit the amount of waste disposed, minimize the 

consumption of natural resources and also reduces 

environmental pollution, since it is being dumped as a waste 

.The objective of this study is to assess the utilization of 

steel slag in flexible pavements. This research work mainly 

focuses on using the steel slag as a replacement for natural 

aggregate in Asphalt mixtures in various proportions as per 

Indian codepractice and aims to ascertain the maximum 

amount (%) that can be used as an alternative to natural 

aggregate in asphalt 

mixtures of flexible pavements. The study was conducted by 

mixing the steel slag with different proportions like 10%, 

20%, 30%, 35% and results were analyzed for many scope 

of application as a substitute for natural aggregates and 

tested for liberation of potential harmful gases with the 

addition of steel slag. 
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I. INTRODUCTION: 
India comprises a large number of steel plants and they are 

producing several million tons of steel. However, the 

production of steel is always associated with  generation of  

slag,  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). The 

quantity of crude steel production is around 80 million tons 

per year (Annual report, 2014 – 15 Ministry of Steel, GOI) 

from different steel industries in India. On average the 

production of 1 ton of steel results in 200 kg (EAF) to 400 kg 

(BF/BOF) of Slag i.e., 20 – 40% of the production 

(Palassanjayet al, 2015). Presently, this large quantity of slag 

generated has no significant applications and dumped on the 

land available near the plants. These materials are posing 

disposal problems that are both economically and 

environmentally expensive.Presently, this large quantity of 

slag generated has no significant aggregates in road 

construction works in India if its technical feasibility is proven 

as per the conventional construction practice in the country 

 
    1.2 Objective and Scope 
   The objective of this study is to assess the possibility of                                 

utilizing steel slag as a replacement for natural aggregate in 

asphalt mixtures for the construction of flexible pavements. 

For this it is aimed to, 

i. Investigate the Physical properties of the Steel slag 

collected. 

ii. Replace natural aggregate with the Steel slag. (% by 

weight) 

iii. Prepare test specimens of various proportions of Steel 

slag. 

iv. Study the Volumetric properties of those specimens and 

its Marshall properties such as stability and flow. 

v. Ascertain the Optimum (%) of the steel slag that can 

replace  natural aggregate 

vi. Determine the mechanical properties of mix by 

performance based tests such as Stiffness Modulus and 

Indirect Tensile Strength tests. 

vii. Determine  the mix response to Rutting 

viii. Study the  effect of using steel slag on environment 

through Thermo Gravimetric Analysis  

ix. Compare the results of steel slag Asphalt mixtures with 

conventional asphalt mixtures. 

 
2.1 Methodology 
Based on the review of literature, the methodology was 

formulated. To achieve the objectives, different proportions of 

steel slag were added as a replacement for natural aggregate 

and tested for conventional properties. The detailed 

methodology is given in Figure 2.1 
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2.1.1 Bitumen – VG30 Grade 

The bitumen used in this study is VG 30 grade which is most 

commonly used for road construction in India. Conventional 

bitumen with known characteristics is used in this study and 

its properties are shown in table 3.1, 

2.1.2 Steel Slag 

Steel slag is a byproduct obtained from the conversion of steel 

from Iron in steel melting shops. The Steel slag sample 

required for this study is collected from Mecheri town Salem, 

Tamilnadu in required quantities. The physical characteristics 

of the collected sample were studied and discussed below. 

The chemical composition of the steel slag is shown in table 

3.2.  

 

 

 
 

Fig: 2.1 Steel Slags 
 
2.1.3 Analysis of physical properties of natural aggregate and 

steel slag 

To ensure that the collected sample meets the required 

specification to be used as a replacement for the natural 

aggregate, a series of laboratory tests were carried out as 

specified by the Ministry of Road Transport & Highways 

(MoRTH) specificationV revision and it has been detailed in 

Table 3.3. the details of the tests carried out are detailed below 

 
Table II. Characteristics of VG30 Bitumen 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Fig: 2.2Methodology Flow Chart 
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                        Table II(b) Chemical Composition of Steel Slag 

 
 

Table II(c) Physical properties of Coarse aggregates for DBM as per 

MoRTH  specification V revision 

 
 

3.0 Results and Discussion:  

 

3.1 Physical Properties of SS and NA 

3.1.1 Sieve Analysis  

Gradation of Steel slag was carried out with a series of IS 

sieves ranging between 37.5 mm and 75 micron. The results 

are given below in table 3.1. From the test carried out to 

analyze the size of the Steel slag, result obtained is 26.5 mm a, 

which can be used as a substitute for natural aggregates. 
 

Table 3.1 Gradation of steel slag – Sieve Analysis 

 
 

3.1.2 Specific Gravity Test ((IS 2386 (Part III) – 1963) 

The specific gravity of natural aggregate and steel slag were 

determined as follows, 

Weight of the Jar, W1                    = 692.27g 

Weight of jar and Aggregate (Slag), W2 = 1612.14 g 

Weight of Jar, Aggregate and water, W3 = 2141.82 g 

Weight of jar and water, W4                    = 1563.04 g 

The specific gravity of the steel slag (sample) is calculated by, 

                     W2 – W1 

Specific Gravity =  ------------------------------ =  2.697 

                  (W4-W1) – (W3 –W2) 

Similarly, the specific gravity of natural aggregate is found to 

be 2.70. 

 

 
Fig 3.1Specific gravity of Steel slag and Natural Aggregate 

 

It was inferred that the specific gravity values for steel slag 

and natural aggregates was similar. 

3.1.3 Aggregate Impact Test (IS:2386 (part –IV)-1963) 

The Impact value of the natural aggregate and steel slag were 

determined as follows, 

Impact value of steel slag, 

Total weight of the dry sample (W1) – 366.0 gm 

Weight of the portion passing through 2.36 mm Seive (W2)– 

89.0 gm 

Aggregate Impact Value (%) = (W2 / W1 ) x 100 

 = (89.0 / 366.0) x 100 

= 24.32 % 

Similarly, the impact value of natural aggregate was found to 

be 21%, as shown in fig 4.3.  
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Figure 3.2Aggregate Impact Value 

The impact values of both steel slag and natural aggregate are 

well within the permissible limit specified by MoRTH which 

is 27%. The specifications given by MoRTH. 

3.1.4 Water Absorption Test IS2386 – Part III 

The water absorption for steel slag and natural aggregate 

observed are given in Table 4.2 

Table III (a )Water absorption of NA and SS 

 

MoRTH specifies a maximum water absorption of 2%. The 

results obtained here for steel slag is well within the limit. 

3.1.5 Stripping value of the Aggregate (IS:6241) 

The stripping value observed for steel slag is 98% and natural 

aggregate is 99%. The minimum retained coating specified by 

MoRTH is 95%.  

            
Fig 3.3: Water Absorption 

       
Figure 3.4 Stripping value of NA and SS 

The physical properties of the steel slag and natural aggregate  

found are summarized in the following table 3.3 

Table 3.3 Physical Properties of SS and NA 

 

3.2 Mix Design – Marshall Method 

The Asphalt mix adopted in this study is Dense Bituminous 

Macadam (Binder course of flexible pavement) grade II. 

Marshall moulds were prepared for conventional Asphalt mix 

and Steel slag mix in various proportions of steel slag starting 

from 10% replacement of natural aggregate. The aggregate 

gradation adopted is given in table 3.4 and shown in fig.4.9   

Table 3.4 Combined Gradation 

ofAggregate
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Fig 3.5: Gradation Chart 

3.2.1 Volumetric Properties of the mix 

The following volumetric properties of the extracted samples 

were analyzed to ascertain the Marshall stability and flow for 

the samples for determining the Optimum binder content for 

the proportion of DBM mix. 

Theoretical specific gravity of the mix, Gt(g/cc) 

= 100/([100-Pb] /Gse) + (Pb / Gb) 

Where,                                                                Weight of 

binder mix Pb   = %by                       Specific 

Gravity of Bitumen Gb  = 1.038           Specific Gravity of 

Aggregate Gse = 2.760    Substituting values,                                      

Theoretical Specific Gravity Gmm  = 2.59 g/cc 

Bulk specific gravity of mix, Gm 

Density measured from mix 2 Where,                                                                

Weight of mix in air =1245.80  Weight of mix in water 

(Buoyancy wt)= 735.10g Saturated surface dry weight (SSD)

 = 1249.70g Density of the mix given by                                              

= Wt in air/  (SSD wt – Wt in water)    Bulk specific gravity 

of mix , Gm   = 2.421 g/cc 

Air Voids Percent ,Va 

= Gmm–Gmb /Gmm * 100 

Where,   Maximum Theoritical Specific Gravity= 2.59 Kg/cc  

Bulk Specific Gravity  =2.421 Kg/CCSubstituting values,                                      

Theoretical Specific Gravity Gmm  = 2.59 g/cc      Air voids 

percent Va = 6.53 % 

Voids in Mineral Aggregate , VMA 

= (100 – ( Gmb (100-Pb)– Gse) * 100 

Where,  Bulk Specific Gravity = 2.421 Kg/CCPb = % by 

Weight of binder in MixGse = Specific Gravity of the 

aggregateSubstituting values Voids in mineral aggregateVMA 

= 15.51 % 

 

 

Voids filled with bitumen, VFB 

= (VMA -Va/ VMA) * 100   

Where,                                                                 Voids in 

Mineral Aggregate VMA  = 15.51%                       Air Voids 

Va = 6.53%         Substituting values,                                             

Voids filled with Bitumen    VFB   = 57.92 % 

Table 3.5 Volumetric Properties obtained for Conventional DBM 

 

3.2.2 Optimum Binder Content 

A Graph is plotted for Binder Content (% by Wt. of the 

aggregate) Versus % Air voids as shown in fig.4.16 . The 

binder content corresponding to 4 % air voids is considered as 

Optimum Binder Content. From plot, OBC obtained for 

Conventional DBM Mix is 4.62 %by wt. of the aggregate 

 

 
Fig 3.6: OBC obtained for Convention DBM mix 

3.2.3Marshall stability and Flow for Conventional DBM Mix 

The Marshall Stability and flow values observed for 

conventional DBM mix prepared with optimum binder 

content are 1566 Kg and 3.14 mm respectively. The Marshall 

stability test is shown in fig.4.17. MoRTH specifies the 

following requirements for DBM mix as shown in table 3.6 

 
Table 3.6Volumetric Properties obtained for Conventional DBM Mix 
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Fig 3.7: Gradation Chart for 35% SS Mix 

The Optimum Binder Content and Stability values obtained 

for various proportions of Steel slag are shown in fig.3.8 and 

3.9 

 

 
Fig 3.8: Optimum Binder Content for various SS Asphalt mix 

 
Fig 3.9: Marshall Stability for various SS Asphalt mix 

To determine the strength and durability properties of 

conventional and steel slag asphalt mix, separate test 

specimens were prepared for conventional mix with achieved 

OBC and  steel slag Asphaltmix with 30% steel slag 

proportion and OBC. The following performance tests such as 

Indirect Tensile Strength, Stiffness Modulus and Rutting tests 

were carried out in laboratory and comparison of the results 

obtained were made. 

 

3.2.4Indirect Tensile Strength Test (ITS) / Tensile Strength 

Ratio (TSR) 

To evaluate the moisture susceptibility and tensile strength of 

Steel Slag Asphalt mixture ITS and TSR were carried out as 

shown in the fig. 4.24 and 4.25. The results obtained are given 

in the table 4.9.  

 
Table 3.7ITS and TSR values for 30% SS steel slag Asphalt mix 

 

       
Fig 3.8: Chart showing TSR of 30% SS Asphalt 

3.2.5 Stiffness Modulus Test 

To analyze the pavement response to traffic loading Stiffness 

modulus test was carried out using a Universal Testing 

Machine, as shown in fig 3.9 and the results obtained for 

convention Asphalt mix and 30% SS Asphalt mix are given in 

the table 4.10 

       
Fig 3.9 Stiffness Modulus 
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Table 3.8Stiffness Modulus Test 

Results

 

     
Fig 3.10 Stiffness Modulusfor results 

From the above test, it was inferred that SSA mixture has 

performed better than conventional DBM mix. 

3.2.6Rutting Test 

Immersion wheel tracking test was carried out to assess the 

Asphalt mix response to traffic loadings. Pavement distress 

due to rutting was ascertained for both the mixes and the 

results are detailed in Table 3.9 and Fig 3.12 shows the 

deformed sample. 

 
Table 3.9 Rutting Test Results 

 

     
Fig3.12: Rut Depth Measurements 

From the above test, it was inferred that SSA mixture has 

performed better than conventional DBM mix. 

 

3.2.7 Thermo Gravimetric Analysis 

To assess the thermal stability of the steel slag and to check 

the presence of any potential harmful gases Thermo 

Gravimetric Analysis (TGA) was carried out using Thermo 

Gravimetric Analyzer.  Change in mass of steel slag was 

detected from the TGA as shown in fig. 4.32 and Table 3.10. 

Here, the weight loss detected was 2.73% at 200oC. 

 
Table 3.10 – Weight loss in steel slag with increase in 

Temperature 

 
 

  
Fig 3.13:Weight loss in Steel slag – TGA Graph 

The gas liberated from Steel Slag in Thermo 

GravimetryAnalyser (TGA) was collected  from the exhaust 

of the TG analyzer and was analyzed using Gas 

Chromatography (GC) technique.The Chromatogram of the 

standard Hydrogen and of the Hydrogen present in the sample 

analysed is shown in Fig 3.14 and 3.15. The concentration of 

various components present in the sample are tabulated in 

Table 3.11 
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Fig 3.14: Chromatogram of standard Hydrogen 

         
Fig 3.15: Chromatogram of Hydrogen liberated from Steel Slag in TGA 

Table 3.11 – Composition of Gas from Steel Slag 

 
Source- MCRC, Taramani 

From the above test , it was observed that the weight loss was 

very minimal till 200 oC and steel slag was thermally stable. 

However, the maximum temperature maintained for Asphalt 

mixture is 160oC as per the conventional practice. The gas 

liberated during the above test contained no potentially 

harmful gases. 

4.1 Summary 

The purpose of this study was to assess the usage of steel slag 

in asphalt mixtures of flexible pavements.  To check the 

feasibility of usage of steel slag along with natural aggregate, 

the physical properties of steel slag were analyzed based on 

the methods specified in IS standards. The natural aggregates 

were partially replaced by steel slag starting from the range of 

10% by weight of steel slag, satisfying the gradation 

procedure specified by the MoRTH. Gradually, the percentage 

of replacement was increased every 10%. Marshall Method of 

mix design was adopted in this study. Marshall Moulds were 

prepared in required numbers for both conventional and Steel 

slag Asphalt mixes and their volumetric properties were 

studied to ascertain the optimum binder content.                                                

Strength and durability tests specified by MoRTH were 

carried out for the maximum proportion of Steel slag mixed 

Asphalt mixture to study their mechanical properties. The 

results were compared with that of the conventional Asphalt 

mix. To assess the thermal stability and the effect on 

environment Thermo gravimetric Analysis was carried out. 

 
IV.   Conclusion 

The following conclusions have been drawn from this 

research work and are as follows, 

i. From the physical properties analyzed, it was found 

that steel slag can replace the natural aggregates, as 

their properties are similar and meet the requirements 

of an aggregate to be used in asphalt mixtures in 

flexible pavement construction.  

ii. The proportion of steel slag in Marshall mix has been 

restricted to 30% since the proportions beyond, failed 

to satisfy Gradation Graph.  

iii. The Optimum Binder Content for 30% SSA mix is 

found to be 4.82 % by weight of aggregate which 

satisfy the code specification and the Marshall 

stability and flow values for the same were also 

found to be satisfactory which is even higher than the 

conventional asphalt mix. 

iv. Performance tests such as Indirect Tensile Strength 

test and Tensile Strength Ratio, Stiffness Modulus 

test, Rutting test on SSA mix have shown good 

results which indicate that the modified mix is 

durable and Strong.   

v. The weight loss of steel slag was very less (2.73% at 

200oC) during TGA . Hence steel slag proves to be 

thermally stable. 

vi. Thermo Gravimetric Analyzer – Gas 

Chromatography results show that the concentration 

of Methane and Carbon dioxide were nil in the gas 

which was liberated from Steel Slag. It was inferred 

that, both these Green House Gases (GHGs) were not 

emitted from Steel Slag in TGA.  

However, H2 concentration in the gas from SS was found to 

be 0.609%. Hence, it is established that there is no 

environmental impact from the gases liberated from SS at 

higher temperature. 

Hence, steel slag proves to be a potential industrial waste that 

can be used in Asphalt mixture of flexible pavements with no 

harm to the environment. 

4.3 Future Scope of Study 

In the collected steel slag, 4.75 mm sized Aggregate was 

found to be less in quantity and so the maximum proportion 

was restricted to maximum of 30% by weight of aggregate. 

Steel slag may be crushed and used which will result in usage 

of steel slag as a replacement in maximum proportion in 

Asphalt mixtures. This study was carried out in laboratory. 

Field researches may also be pursued in future. Though steel 

slag is not a hazardous industrial waste, leaching 

characteristics of steel slag mixed asphalt mixtures must be 

assessed.  
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