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INTRODUCTION

India has 5.4 million kilometers of road network, which 
is the  second largest in the world.
Majority of the roads in India are Flexible (Bituminous) 

Pavement Roads
Wearing Course (Bituminous)Wearing Course (Bituminous)

Bituminous Base Layer

Granular Layer

Subgrade
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Most of the road projects executed are 
implemented by Flexible Pavements, the 

failures of which are Rutting, Cracking
and Moisture Damage

Cracking Rutting
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Moisture induced 

damage



Indian Road Construction Scenario
MATERIAL

 In india, about 15,000 tonnes of aggregates are required
per kilometer of highway

 A typical NHDP of 60 km road improvement requires 20
lakh ton of material

ENERGY
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 90,000 litres of fuel for drying and heating of aggregates
per kilometer of highway

 For a lead of 200 km (very common in North India), 180
lakh litre of diesel in transportation is consumed

 Caused by heating of bituminous binder and HMA

 Amount of emissions doubles for every 10C increase in
production temperature

EMISSIONS



Concern & Need of Study
 Stone aggregates constitute more than 80-85% by

volume of the pavement materials for construction

 With the increased unrestricted use, sources are fast
depleting and may vanish in near future

 The energy sources are diminishing as well

 The greenhouse gases are increasingly emitted, causing
disturbance in the environment and ecological balance
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disturbance in the environment and ecological balance

Alarming Need to explore conservation of
Material and environment protection
techniques/measures leading to sustainable
roads



Recycling of Pavements

Reclaimed Asphalt Pavement (RAP)

Removal and reuse of asphalt layer of
existing Pavement is termed as Recycling of
existing bituminous pavement materials to
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existing bituminous pavement materials to
produce new pavement material results in
considerable savings of material, money and
energy



Benefits of RAP

• Reduction in energy
requirements to heat
virgin aggregates &
binders

• Hedge against rising
bitumen prices &
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bitumen prices &
global uncertainty
which can effect supply

• Reduces amount of
virgin aggregates &
bitumen which reduces
material costs



• First developed at Iowa State University in 1956

• Hot bitumen (135–180ºC) turns to foam when mixed
with a small quantity of cold water (typically 1.5-3.5 %
by mass) in a special-purpose expansion chamber.

Foamed Bitumen

Foaming bitumen is checked 
for its foaming characteristics:

8Source: Wirtgen (2012)

for its foaming characteristics:
1.Expansion Ratio: Maximum
volume of foam relative to the
original volume of bitumen
denotes the Expansion Ratio
2.Half Life: It’s the time in
seconds for the foam to
collapse to half of its maximum
volume



Expansion Ratio

• A measure of the
viscosity of the
foam

• Indicates how the
bitumen will

Foamed Bitumen Characteristics

bitumen will
disperse

Half-life

• Measure of the
stability of the
foam



Foamed bitumenFoamed bitumen - ~ 180 oC

RAP + fresh aggregates - room 
temperature

Finer aggregates “spot -welds” the 
coarser aggregates

Foam Bitumen Mix (FBM) or 
Bitumen Stabilized Material (BSM) 

RAP Fresh aggregates

Cement (1%)

coarser aggregates
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Effect of Properties of Binders on Foaming 
Characteristics and Performance of Mixes

Effect of RAP, moisture content and Foaming

Characteristics on volumetric and strength

characteristics of Foam Bitumen Mixtures.

Findings : For particular grade of binder, all mixtures
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Findings : For particular grade of binder, all mixtures

containing 0%-50% RAP exhibited increased resilient

modulus with increased foam binder content. However

50% to 80% RAP mixtures exhibited increasing resilient

modulus with increasing foam binder content and then

decreased.



Advantages of Foamed Bitumen
• Foamed binder increases strength and reduces moisture

susceptibility of granular materials

• Reduces binder and transportation costs

• Time saving

• Conserves energy

• No environmental side effects
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• No environmental side effects

• No risk of binder runoff or leaching from stockpiles

• Can be constructed even in some adverse weather conditions

• Easy to apply

• Rapid strength gain

• Saves aggregate and binder consumption
Leading to Greener Road Construction Approach………..



Cold Recycling using Foamed Bitumen: A Case 
Study- Rehabilitation of  section of NH2

Severe rutting on NH 2

Pavement condition Map CracksSevere rutting on NH 2



Field Investigation 

• Test pit observations: in-situ field densities of

Subgrade soil, Granular sub base (GSB) and

Granular base course (Wet Mix Macadam) were

determined by sand replacement method.

• Coring of bituminous mixes: Properties of existing

DBM and BC layer.

• Classified traffic volume survey:

• Collection of milled material materials: RAP mix

design



Mix Design with RAP using Foam 
Bitumen



Physical properties of the bitumen VG 30

S.N
o

Test As per IS/
ASTM

Results
obtained

MoRTH
specification

1 Specific Gravity at
27°C

IS 1202 1.01 0.99(min)

2 Ductility at (27 °C, cm) IS 1208 100+ 75(min)
3 Softening point, °C IS 1205 50 35-50

4 Penetration at 25 °C, IS 1203 65 60-704 Penetration at 25 °C,
100g, 5 sec. 1/10th mm

IS 1203 65 60-70

5 Viscosity, 60°C, poises,
min

ASTM
D4402

2726 2500

6 Viscosity, 135°C,
poises, min

ASTM
D4402

7.62 4.50



Foaming Procedure

Air pressure: 550 kPa;

Water pressure: 600 kPa;

Amount of bitumen being foamed

Bitumen foaming was undertaken in WLB-10S laboratory plant to

determine the foaming characteristics according to the following test

operational conditions:

Amount of bitumen being foamed

during each test: 500 g at a rate

of 50 g/s.
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Optimum Expansion Ratio and Half Life at 
different Binder Temperature and Water 
Content

Tempera
ture (0C) 

Water 
content, (%) 

ER, 
(%)

HL,
(sec)

170 3 6 16
5 12 155 12 15
7 16 8

180 3 8 14
5 14 12
7 18 10



Foam Mix Design
• Gradation of Mix: OPC cement grade 43 ; stone dust

was blended with 80% of RAP material to meet the
gradation requirement of IRC 37: 2012.

• Optimum Moisture Content: Maximum dry density is
obtained at 6% Optimum moisture content.

• Optimum Foaming Condition: The best foam was
observed at temperature of 180°C and at a foamingobserved at temperature of 180°C and at a foaming
water content of 5%, which has been used for mix
design (ER 14 and HL 12)

• Sample Mix and Compaction: Prepared and mixed at
particular Foamed Binder Content in Wirtgen WLM
10 pug mill mixer and compacted as per Marshall
method 75 blows in each faces



Optimization of Foam Mix 

Marshall method of mix design is not used. 

As per IRC: 120-2015, Indirect Tensile Strength of the 
Marshall Samples (called Briquette samples in this 
case) is used to determine the Optimum Foam Binder case) is used to determine the Optimum Foam Binder 
Content.

Based on the ITS result, an optimum foam bitumen 
content is selected for design



Variation of Dry and Wet ITS with Foam 
Bitumen Content
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PERFORMANCE EVALUATION OF MIXES
The performance tests are done on DBM , BC and 
foam bitumen stabilized RAP layer
The performance evaluation tests include various 
tests, as stated below:

1. Indirect Tensile Strength (ASTM D 6931) and TSR 
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(AASHTO T283)

2. Resilient Modulus (ASTM D7369)

3. Hamburg’s Wheel Tracking Test for Rutting

4. Beam Fatigue Test (ASTM D7460) for Fatigue Life 

cycles



Resilient Modulus 
The elastic modulus based on the recoverable strain
under repeated loads is called the Resilient Modulus.

Resilient modulus correlates stress-strain for rapidly
applied loads – like those experienced by pavements.

Measure of stiffness.

Test Parameters Resilient Modulus, MPa
(average of 3 tests)

oType of Pulse = Haversine

oPulse Width = 250 msec

oPeak Load = 1000 N

oPulse Period = 3000 msec

(average of 3 tests)
2.0% 
Foamed 
Binder 
Content

2.25% 
Foamed 
Binder 
Content

3.0% 
Foamed 
Binder 
Content

25°C 35°C 25°C 35°C 25°C 35°C

1552 1034 2577 1444 2319 1550



INDIRECT TENSILE STRENGTH

Used to determine the splitting tensile 
strength of bituminous mix and is 

related to the cracking potential of 
pavement.
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Sample Avg. Dry ITS 
(MPa)

Avg. Wet ITS 
(MPa)

DBM 1.2 1.1
BC 0.87 0.85
RAP Mix 0.40 0.32



Performance  Test   -Beam Fatigue Test.

Loading frequency 10 Hz
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Loading frequency
Test Type
Peak Tensile Strain
Test Temperature
Max. No. of Cycles

10 Hz
Constant Strain
600 microns
25 deg C
10,000,000

Sample No. cycles to Failure
DBM 1,90,860

BC 84,036
RAP 16,786



Performance  Test   -RUTTING TEST
Conducted on Hamburg’s Wheel Tracking (HWT) Machine

as per AASHTO-T 234
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Load
Number of Passes
Test Temperature
Specimen Thickness

10,000 N
20,000= 10,000 load cycles
45 deg C
50 mm

Sample Rut Depth in mm
DBM 1.9

BC 2.5
RAP 2.3



Pavement Design

Layer Specification Thickness,mm
185 MSA, 

Granular Sub Base 
(GSB)+ Granular Base 

450

Layer Specification Thickness, mm, 
185 MSA

Granular Sub Base 
(GSB)+ Granular 

450

In the present case, the cumulative standard axles have been
worked out for 15 years design life by assuming an annual
growth rate of commercial vehicles as 5%. IITPave software was
used to carry out the pavement design as per IRC 37:2012 with
90% reliability performance.

Crust composition with 800 MPa E value for 
BSM layer

(GSB)+ Granular Base 
(WMM)

450

Foam Bitumen 
Stabilized Base (BSM)  
(recycled layer)

175

Dense Bituminous 
Macadam (DBM)

70

Bituminous Concrete 
(BC)

50

(GSB)+ Granular 
Base (WMM)

450

Dense Bituminous 
Macadam (DBM)

185

Bituminous 
Concrete (BC)
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Conventional Pavement Design 



Construction Project on NH 2

Surface after milling Crusher Dust spread over milled surface



Construction Project

Spreading of cement 
Surface after spread of 
cement on  fresh aggregate 



Construction Project

Cold in situ recycling taking place

Grading and profilingRolling operation 

Cold in situ recycling taking place



Construction Project

Recycled surface before overlay Recycled road after overlay

Photo 11: Photo 12:



Foam Bituminous Mix (Base Course) on Section of 
NH 44

Application of Tack Coat on BSM Layer before laying of BC



Collection of Foamed Stabilized Mix from Plant
View of Foaming  Plant

Laying and Compaction of Foamed Stabilized 
Mix

Close view of Foamed Stabilized Mix

Collection of Foamed Stabilized Mix from Plant



GHG Emissions: The Green Benefit
• The most significant contribution of cold in situ recycling is significant

reduction in transportation of materials as well as reduction in
requirement of fresh aggregate and bitumen.

• The case study comprises of 85 km of a 4 lane highway with a lane
width of 3.5 m.

Boundary Conditions
• The focus is on the process carried out in the construction of the road

and the material used for making the layers of the road.

• Any road furniture is excluded and hence no calculations for the• Any road furniture is excluded and hence no calculations for the
Greenhouse emissions from the process carried out during the
production of such materials are made.

RAP Design Conventional Design

BC 50mm BC 50mm
DBM 50mm DBM 185mm
BSM 175mm

BC: Bituminous Concrete
DBM: Dense Bituminous Concrete
BSM: Bitumen Stabilized Material

Scope of work presented in the paper



Analysis through CHANGER
• The data collected from the site was analyzed through

CHANGER software.
• The construction equipment and transport of material for both

the design has not been considered.
• Use of foam stabilized technique enables utilization of 80% of

recycled aggregate and about 60% less bitumen for construction
of pavement.

Pavement Design (RAP) Conventional Design 

Consolidated results: tCO -eq Consolidated results: tCO -eqConsolidated results: tCO2-eq Consolidated results: tCO2-eq

Construction materials: 

Recycled Aggregate 4.9
Bitumen

35.5Cement 13.6 

Bitumen 24.3
Aggregate 18.7

Aggregate 9.2

From mix preparation 20.2 From mix preparation 59.2 

Total CO2 equivalent 
emissions:

73.5 Total CO2 equivalent emissions: 113.4



Conclusion 
• The indirect tensile strength (ITS) and tensile strength

ratio (TSR) values of recycled mix were found to be more
than satisfactory whereas resilient modulus (MR) values
achieved were significantly higher than the specified
values (as per IRC37:2012).

• Aggregate and bitumen saving per km/ lane are found
about 833 and 31 tonne, respectively using the foamabout 833 and 31 tonne, respectively using the foam
stabilized mix design in place of conventional design.

• Embodied energy of cement and recycled aggregate is
also taken into consideration for GHG emission
calculations. Approximately 34 % equivalent CO2 is saved
per km per lane construction.

• For a 85 Km and 4 lane road construction project, carbon
emission reduction of about 13600 tonne equivalent
CO2 will be achieved.



Cold recycled materials are good opportunity to save
money and resources. The recycling process resulted
in construction time saving, minimal use of virgin
aggregates, less transportation of materials and
several other environmental benefits

THANK YOUTHANK YOU


