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 Present production about 150 million tons/ annum 

 175 thermal power plants in the country 

 About 80% of ash produced is used. 

 PPC production consumes about 25% of ash 

 Road works utilise about 20% of ash production 

Utilisation of Fly Ash in Road Works



 Can be used for construction of
 Embankments and backfills – Reinforced or unreinforced 
 Stabilisation of subgrade, sub-base and base course
 Rigid pavements, paving blocks, kerb stones

 Fly ash properties vary, to be characterised before use 

 Major constituents – oxides of silica, aluminum, iron, 
calcium & magnesium

 Environmentally safe material for road works

 Many favourable properties for embankment & road 
construction – Light weight (ideal over weak subsoil), higher 
shear strength (greater stability), no lumps, usually moist, 
compacted under inclement weather, cost savings, etc 

Utilisation of Fly Ash in Road Works



Engineering Properties of Fly Ash & Soil
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Typical Cross Section of Fly Ash Road Embankment
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Bottom ash or 
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Guidelines for Use of Fly Ash in 
Road Embankments 

(IRC SP:58)



Fly ash Embankment at Wazirabad 
 Construction of approach embankment for Wazirabad 

Signature Bridge at Delhi – Fly ash used as fill material in 
waterlogged area

 Huge savings in construction cost due to usage of fly ash 
instead of granular material in waterlogged area

 Reinforced earth wall of 6 m height constructed over
10.3 m high unreinforced fly ash embankment



Construction of Embankment



Environmental Acceptability

BDL (Below Detection Level) – 1 mg/kg

Limits as 
specified for 
Hazardous 
Materials by 
MOEF, GOI 

River 
bed Soil 
sample 
(No. 2)

River 
bed Soil 
sample 
(No. 1)

Rajghat 
Pond ash 
(No. 2)

Rajghat 
Pond ash
(No. 1)

BTPS 
Pond 
ash

Contaminant 
(mg/kg) ppm

50002340834323Copper

50010101BDL01Cadmium

50551157611355Chromium

20,0008010298105104Zinc

50001620802414Lead



 Use of reinforcement in backfill material to improve 
its strength – Reinforced embankment

 Composite material
 Facing panels
 Reinforcement
 Selected back fill material

 Friction between backfill and reinforcement
 Application

 Reinforced earth wall
 Improving bearing capacity

 Fly ash – better backfill material for reinforced 
embankments

Reinforced Fly Ash Embankment



Fly ash Stabilisation

Guidelines for Soil and Granular 
Material Stabilisation Using 

Cement, Lime & Fly ash
(IRC SP:89)
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Using Waste 

Plastic

in Bituminous 

Layer
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 Dry Process – Coating waste plastic over preheated hot 
aggregates, before mixing it with bitumen, IRC SP:98 

 Wet Process – When waste plastic is mixed with hot molten 
bitumen, patented process

 Improves property of aggregates, temperature required is 
same as mixing temperature (140 to 1650C)

 Size of waste plastic – Passing 2.36 mm sieve and retained 
on 600 micron sieve

 Dust and impurities in waste plastic not to exceed 1%

 Care to be taken to ensure aggregate temperature does not 
exceed 1800C, Otherwise harmful gases may be released 

 Coated aggregates mixed with ‘Paving Grade Bitumen’

Waste Plastics Usage 
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 Collection of waste plastic – Garbage trucks, rag pickers, NGOs, 
waste buyers, school children, etc

 Cleaning and shredding of waste plastic – De-dusted, washed 
if necessary

Process Details 
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 Mixing shredded waste plastic, aggregates, bitumen in HMP
Waste plastic to be injected using pipe under compressed air in a 
drum mix plant or through an opening over pug mill in batch mix 
plant, waste plastic should coat over hot aggregates first, bitumen is 
then added to aggregates, mixed for 15 seconds, loading in trucks 

Process Details 



Slag Usage in 

Road 

Construction

MORTH Specifications –
Crushed slag can be used in 
GSB, Cement Stabilised 
layer, WBM, Shoulders
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 Waste from copper smelting – Produced at Dahej (Gujarat) 
and Tuticorin (Tamilnadu)

 Similar to coarse sand in texture
CBR
(%)

Shear Strength  
Characteristics

Compaction 
Characteristics

Water 
Absorption

(%) 
(degree)

c
(kN/m2)

OMC
(%)

MDD
(KN/m3)

353507.023.21.19 

Copper Slag

U.K.Guruvittal



 Copper slag, a granular material poses problems like 
uneven compaction, shearing of compacted layer by 
trucks, etc 

 Copper slag+pond ash mix found to be workable, used in 
NH–45 B (Tamilnadu), Performance has been good

Copper slag +
Pond  Ash  (50:50)

Pond 
ash

Property

18.812.4MDD (kN/m3)
921OMC  (%)
011.5c (kN/m2)

3132 (degree)

Road Construction Using Copper Slag
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C&D Waste Guidelines – Specifications
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Processed C&D Waste
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Test Road Using C&D Waste in Delhi

U.K.Guruvittal



Test Road Using C&D Waste
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C&D Waste Use in DDA Road
 Location – West Delhi, 100m ROW 4-lane road, 3 km 

length problematic stretch (NH 10 to Bakkarwala) 
 Shallow water table (0.5 to 1 m depth below GL), 

water logging during rainy season
 SPT & DCP tests showed sub-soil to be weak and in 

loose condition up to 1.2 m depth, NMC nearing LL
 Replacement of loose sub-soil by compacting 

crushed C&D waste up to a depth 1.2 to 1.5 m 
 Size of crushed RA used ranging from 150 mm to 

4.75 mm/ 150 microns, about 2.6 lakh tonnes used
 Successful completion and good performance
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C&D Waste Use in DDA Road
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C&D Waste Use in DDA Road
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 About 4000 marble mines and 1100 marble processing 
units in Rajasthan produce 6 to 7 million tonnes/ annum

 MSD – Causing environmental and disposal problems
 Test track of 750 m length constructed in Nathdwara, 

District Rajsamand, Rajasthan has shown good 
performance

Marble Slurry Dust
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 Jarosite – Tailing produced during zinc mining, Jarofix – Inert waste 
produced after stabilising Jarosite 

 Feasibility studies on Jarosite / Jarofix indicated their suitability in 
road works

 However only Jarofix found suitable after leachate study

 Field test track embankment constructed using Jarofix shown good 
performance 

Jarofix in Road Works

Embankment Construction 
Using Jarofix
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 Kimberlite tailings – Waste from diamond mining in M.P
 AIV – About 31%, Can be used in base or sub-base course 

by adopting mechanical or cement stabilisation
 High value of water absorption (about 6%) makes them 

unsuitable for use in bituminous pavement

Kimberlite Tailings
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Step Wise Procedure for Using Local Materials

 Identifying the local material to be used in road works –
Quarry or mining waste, Fly ash, Slag, C&D Waste, etc
 From local enquiry / Industries Department

 Whether it is in the form of Coarse aggregates or Sand or a 
Combination of the two ? Refer to MORTH/ MORD Specifications
 Aggregates can be used in WMM / GSB / WBM depending upon AIV

 Sand type material can be used in Sub-base 

 Characterise the material – Subject it to Engineering Tests
 Depending upon mode of usage (Aggregate or Sand or Soil + Aggregate Mix) 

relevant tests to be conducted 

 Aggregate type – Gradation, AIV, Water absorption, Flakiness index

 Sand type or Soil + Aggregate Mix – Gradation, Plasticity, Proctor test, CBR

 If the material is a waste from an Industry – Environmental  
Acceptability Tests
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Step Wise Procedure….Contd

 Based on the results of engineering test results, decision to 
be made to use it as such or to use it after improvement
 In case local material properties meet specification requirements for use as such, 

it can be directly used in road construction
 If local material properties do not meet specification requirements, Additional 

tests for using it after improvement are required

 Improvement can be mechanical stabilisation or additive 
stabilisation
 Compacting to Modified Proctor Density can impart higher CBR
 Mixing conventional aggregates or intermixing two or more local materials can 

improve gradation, there by enhancing strength or decreasing plasticity
 If both above options, are not giving desired results, cement or lime stabilisation 

may yield compressive strength to meet Specifications 

 Using in Wearing Course – Laboratory tests 

 Entering into an agreement with waste generator for supply 
of the material
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Step Wise Procedure…..Contd

 Mix design to be adopted for pavement layer 
 Optimum mix for cement concrete or mechanical stabilisation or quantity of 

cement / lime to be determined after laboratory trials

 Pavement design as per IRC Guidelines after finalising the mix 
design for stabilisation

 Rate analysis for the local material to be used and approval

 Preparing the DPR incorporating the local material and also 
ensuring conventional road section to monitor performance

 Construction of the road

 Performance monitoring for Two years (Completion of two rainy 
seasons)

 Publishing the results and planning wide scale usage of local material 
if trials are successful
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