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Overview of Steel Slag in INDIA

 Around 19.5 million tonnes of, steel slag is generated every year in India from various

integrated steel plants

 National steel policy 2017 envisages the crude steel production in the country will be nearly 300

million tonnes by 2030-31

 Accordingly, the steel slag production is also likely to increase to 60 Million tonnes by 2030-31

 Disposal of steel slag is a major concern for steel industries as it is considered as a waste

material and largely disposed of as a land fill or piled up inside the steel plants

 Conversion of RAW steel slag as Processed Steel Slag Aggregates exhibits great potential as a

substitute of natural aggregate for Steel Slag Road Construction

 Massive National Highway Development program posed a unsustainable demand of of natural

aggregate for road construction, which is presently around 1.1 billion tonnes per annum

 This demand is slated to increase by 2.2 billion tons by 2025. Potential utilization of processed

steel slag aggregate as substitute of natural aggregates can meet out this demand partially
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Free Lime Pocket in Slag

High volume expansion potential in the 
presence of moisture

Major Challenges with Steel Slag: Volumetric Instability 
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The major Carbonation Reactions :

□ (Ca,Mg)SiO3 +CO2 →(Ca,Mg)CO3 +SiO2

□ Ca(OH) +CO + H O→CaCO + 2HO

□ Mg(OH) +CO + H O→MgCO + 2HO

Major Challenges : Vesicular Structure and Tufa Formation  
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Steel slag exhibit  higher corrosivity than natural soils. Especially when steel slag is to be used in unbound applications 

(embankment, road bases, etc.), the corrosion potential of steel slag should be evaluated carefully

Effect of pH on Corrosion Rate Corrosion in BOF Slag Aggregate

Corrosion susceptibility of Slag Aggregate can be evaluated by determining  the Metallic Fe fraction in slag aggregate   

Corrosion Stains in Concrete  

Major Challenges : Corrosion Potential of Steel Slag   
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Source of High  pH Leachate in Road

Leachate Contamination in Native Soil and Water Bodies

Major Challenges : Environmental Concerns
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Steel Slag Valorizations as Road Making Aggregates 

Processed Steel Slag Aggregates

Structural Formula Mineral Name S.No. 

β-Ca2SiO4 Larnite 1 

Ca2Fe2O5 Srebrodolskite2 

Ca3SiO5 Tricalcium silicate 3 

Me2+Me3+
2O4 Spinel (Fe,Mg,Mn,Al) 4 

FeOWustite 5 

CaCO3Calcite6 

MgOPericlase 7 

Typical Mineralogical Phases in Steel Slag 

Beneficial Mineralogical
Phases can be Maximised in
Steel Slag by Controlling the
steel slag processing and
methodology in liquid state
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Steel Slag Processing as Road Making Aggregates 

Molten Slag Controlled Air Cooling  

Transportation to the Slag Yard  
Primary Crushing  

Magnetic Separation  

Secondary Crushing  

Steel Slag Aggregates 
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PROCESSING OF STEEL SLAG AS ROAD MAKING AGGREGATES 

 Controlled Cooling

 Balling and Mechanical Breaking

 Primary Metal recovery

 Primary and Secondary Crushing

 Secondary Metal recovery

 Sizing/Screening in different sizes

 Weathering or Surface modification depending upon

type of steel slag

 Stockpiling
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Position [°2θ] (Copper (Cu))

10 20 30 40 50 60
0

5000

10000
 20211001-Tata-BOF-aged-9-5Slag

Calcite 45.0 %
Brownmillerite 11.8 %
Dolomite 1.6 %
Larnite 37.6 %
Srebrodolskite 0.9 %
9015421 0.9 %
Merwinite 0.0 %
Wadsleyite 0.4 %
Coesite 0.1 %
Mn4 Al11 1.7 %

Mn4 Al11 
[%]

Coesite [%]Wadsleyite [%]9015421 [%]Srebrodolskite [%]Larnite [%]Dolomite [%]Brownmillerite [%]Calcite [%]

1.70.10.40.90.937.61.611.845.0

Mineralogical Phase Analysis: Processed Steel Slag Aggregate
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L.O.I (%)
Al2O3

(%)

Cr2O3

(%)

K2O

(%)

TiO2

(%)

P2O5

(%)

SO3

(%)

MnO

(%)

Fe2O3

(%)

MgO

(%)

SiO2

(%)

CaO

(%)

Processed Steel Slag 
Aggregates

4.975.392190.104630.089710.483890.851180.229971.8490928.03703.5391114.168140.2851CONARC STEEL SLAG

3.916.516540.104740.058040.492460.652640.209570.4903530.47643.5332315.365138.1911
ELECTRIC ARC 

FURNACE

14.324.423570.087560.039330.472950.515882.63261.8833315.82122.954679.166747.6821
BOF STEEL SLAG 

SOURCE 1

15.03
3.489720.126780.064490.692681.563450.33410.4984315.80951.6149410.292250.4881BOF STEEL SLAG

SOURCE 2

14.83
1.648810.049910.040880.413670.89880.403880.8843217.79701.8163410.174651.0419BOF STEEL SLAH 

SOURCE 3

11.478.860080.034082.555240.66220.20450.20220.34606
6.64104.1812733.125131.7181

NATURAL AGGREGATES

Chemical Composition: Processed Steel Slag Aggregates
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INDIA’S FIRST ASPHALT STEEL SLAG ROAD: SURAT, GUJARAT
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Asphalt Steel Slag Road: Crust Composition

500

200

250

125
50

TYPE A- ALL LAYERS WITH
NATURAL AGGREGATE

Subgrade (Effective CBR = 8%) GSB Layer WMM DBM BC

625mm

500

200

250

125
50

TYPE B- ALL LAYERS WITH
STEEL SLAG AGGREGATE

Subgrade (Effective CBR = 8%) GSB Layer WMM DBM BC

625mm

500

150

150

75
50

TYPE C- ALL LAYERS WITH STEEL SLAG 
AGGREGATE WITH REDUCED THICKNESS

Subgrade (Effective CBR = 30%) GSB Layer WMM DBM BC

425 mm

32 % Reduction  in Overall   
Pavement Thickness

CONVENTIONAL ASPHALT ROAD
STEEL SLAG ROAD WITH 

CONVENTIONAL THICKNESS 

STEEL SLAG ROAD WITH REDUCED 
THICKNESS 
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Steel Slag Road: Comparative Structural Deflection 

0 mm 200 mm 300 mm 450 mm 600 mm 900 mm 1200 mm 1500 mm 1800 mm
D1 D2 D3 D4 D5 D6 D7 D8 D9

Section A,                   
INNER  LANE  LHS                       

(Control Section with 
Natural Aggregates)

BC+DBM = 175, 
WMM+GSB = 450, 
SUBGRADE = 500

140KN 996 789 665 514 410 273 211 172 147

Section B,                            
INNER  LANE LHS                                     

(Steel Slag in WMM, 
GSB, Subgrade)

BC+DBM = 175, 
WMM+GSB = 450, 
SUBGRADE = 500

140KN 416 256 207 160 138 110 97 86 78

Section  C,                    
INNER LANE LHS                                     

(Steel Slag in WMM, 
GSB, Subgrade)

BC+DBM = 125, 
WMM+GSB = 300, 
SUBGRADE = 500

140KN 385 226 178 136 117 97 86 76 69

LHS SIDE, INNER LANE, AVERAGE DEFLECTION VALUES  AT  LOAD 140KN

Description Thickness in mm Force
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India’s First National Highway Steel Slag Road Section NH 66

 INDIA’s First National Highway Steel Slag Road Section is built on NH 66

Mumbai Goa National Highway

 This is four lane road comprising Asphalt and Cement Concrete Steel

Slag Road Sections

 Processed CONARC Steel Slag Aggregates are utilized as 100 % substitute

of natural aggregates

 Around 80000 tonnes processed steel slag aggregates are utilized in the

construction of road

 Slag Cement is utilized for construction of Cement Concrete steel slag

road section

 Steel Slag aggregates are produced at JSW Steel Dolvi plant using

customized steel slag valorisation technology developed by CSIR-CRRI
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India’s First Cement Concrete Steel Slag Road: Maharashtra
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Asphalt Steel Slag Road: Crust Composition

500 
Subgrade

200 GSB

250 WMM

100 DBM

40 BC

ALL LAYERS WITH
NATURAL AGGREGATE

1090mm

Design Traffic = 62 MSA 

475 Subgrade

150 GSB

150 WMM

75 DBM
50 BC

ALL LAYERS WITH STEEL SLAG 
AGGREGATE WITH REDUCED 
THICKNESS

425 mm

900 mm

Design Traffic = 75 MSA 

CONVENTIONAL BITUMINOUS ROAD BITUMINOUS STEEL SLAG ROAD

28 % Reduction  in  
Pavement Thickness

500 mm SUBGRADE

150 mm GSB

100 mm DLC

300 mm PQC

CEMENT CONCRETE STEEL SLAG 
ROAD  

ALL LAYERS OF CC 
PAVEMENT WITH STEEL 
SLAG AGGREGATES
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LAYING OF BITUMINOUS LAYER : Steel Slag Road NH-66

Treatment of Steel Slag 
Aggregates

Production of Bituminous Mix
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Structural Evaluation : Heavy Weight Deflectometer
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COMPRESSIVE STRENGTH TEST OF PQC CORE

Eq. 
Cube 

Strength

Correct. 
C/S

Correctio
n Factor, 

F

Comp. 
Strength

Failer
load

Legnth/Di
ameter 
Ratio

Appx. 
Density  

After 
capping)

VolumeArea

Diameter

Length after Capping
Mass after 
CappingCore No Avg.D-3D-2D-1

MpaMpaYMpaKNXkg/m3mm3mm2mmmmmmmmAvg.mmmmgm

53.1842.541.0042.36295.42.02765.01340465.196973.7894.2394.0794.3294.30192.22192.16192.273706.4
JSW/PQC-

2

46.7737.421.0037.292632.02950.31358316.577053.4494.7794.6594.7094.95192.58192.80192.354007.5
JSW/PQC-

3

PQC Core Test Results
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Steel Slag Road:  High Altitude Border Areas
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STEEL SLAG ROAD, JAMSHEDPUR, JHARKHAND: TATA STEEL 
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MAJOR BENEFITS OF STEEL SLAG ROAD  

 Reduction in overall Bituminous Road Thickness by 30 to 40 %

 Conservation of around 80000 tons of Natural Aggregates for construction of 1 Km six lane road

 Reduction in construction cost by 40 to 45 % in Bituminous and Cement Concrete Steel Slag Road

 Improved Durability of Road by 4 to 5 times

 Negligible Maintenance cost

 Reduction in Green House Gases Emission by 48 % by substituting natural aggregates with processed steel slag aggregates

 Cheaper, economical option of Natural Aggregates for Road Construction
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Appreciation from Hon. Prime 
Minister     

STEEL SLAG ROAD BRO
PROJECT: Infra creation and
circular economy, both will get
an impetus. Compliments to all
those involved with this effort
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AWARDS   

SKOCH GOLD AWARD SHARED WITH TATA STEEL MD, 
Shri T.V. Narendran   
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Appreciation Letters   
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Technology Dissemination  

Release of Scientific Documentary Movie on Steel Slag
Road by India Science Channel of Vigyan Prasar, Govt. of
India

Webinar on Steel Slag Road 
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THANKS FOR KIND ATTENTION 

Satish Pandey

Principal Scientist 

CSIR-Central Road Research Institute, New-Delhi 

M: 9999366937, satishpandey.crri@nic.in


