
Experiences in Performance Assessment of 

Engineering Low Energy Asphalt Mixes

Prof. Andreas Loizos
National Technical University of Athens (NTUA)

Laboratory of Pavement Engineering NTUA

59th Illinois Bituminous Paving Conference

11-12 December 2018

Champaign, Illinois

National

Technical

University of

Athens



Outline

Low energy asphalt mix/ technologies
Status of knowledge

Experience of Low Energy Asphalt mix on site

Perspectives and challenges 

2

59th

Prof. Andreas Loizos

NTUA



Low Energy Asphalt mixes
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Sustainable development process

Welfare of workers

Environmental aspects                    

(Kyoto protocol)

Goal: Conserve resources for use  by 

future generations

Goal: Bring greenhouse gas 

emissions down to levels of 1990

Goal: reduce exposure to bitumen and 

asphalt fumes
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Low Energy Asphalt: 

Incorporate technologies which reduce the mixing and laying temperatures and energy of manufacture of 

Hot Mix Asphalt
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Warm mix asphalt (WMA): produced and mixed at temperatures of 100oC to 140oC

Half-warm mix asphalt (H-WMA): produced with heated aggregate at a mixing temperature (of the mixture) 

between approximately 70ÁC and roughly 100ÁC (below water vaporization)

Cold mix asphalt (CMA): produced with unheated aggregate and bitumen emulsion or foamed bitumen 

produced

Low Energy Asphalt mixes
59th
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Low Energy Asphalt technologies
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Organic additives

ÅWaxes  

Chemical additives

ÅSurfactants

ÅEmulsification agents

ÅAdhesion promoters

Foaming process

ÅWater-bearing

ÅWater-based coating and bitumen foaming

ÅSequential aggregate coating and bitumen foaming

Emulsion 
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Organic additives

ÇThere are several technologies available (Sasobit, Asphaltan B, LEADCAPé).

ÇOrganic or wax additives are used to achieve the temperature reduction by reducing viscosity of binder. 

Low Energy Asphalt technologies
59th
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20-30oC
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Chemical additives

ÇThere are several technologies available: (Evotherm, Evotherm 3G, Rediset, Cecabaseé)

ÇThese products generally include a combination of emulsification agents, surfactants, polymers, and 

additives to improve coating, mixture workability, and compaction, as well as adhesion promoters. 

Low Energy Asphalt technologies
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20-30oC
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Foaming process

ÇThere are several foaming technologies available that could be sub-categorised into two groups: 
a) water-bearing  (zeolite) additives

b) water-based systems or sequential aggregate coating and binder foaming

ÇThe foaming action in the binder temporally increases the volume of the binder and lowers the viscosity, which 

improves coating and workability

Low Energy Asphalt technologies
59th
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20-30oC

Zeolite additives
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Water-based systems
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Bitumen emulsion (or Foamed bitumen)

ÇBitumen emulsions (less frequently foamed bitumen) can be mixed with aggregates in ambient conditions 

to produce cold mix asphalt

Low Energy Asphalt technologies
59th
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Bitumen emulsionFoamed bitumen
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Fuel savings

Lower energy costs
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Low Energy Asphalt mixes
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Fumes reduction

Lower carbon emissions

Reduced hazards for workers
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Low Energy Asphalt mixes

15

Indicative lifecycle carbon emissions for the production of one ton of asphalt

Total carbon footprint allocation 

for a typical road pavement project

Gossling, R., and Schiavi, I. (2009) asPECT ïMeasuring the 

asphalt footprint. Presentation given at the Asphalt 2009 

conference of the Asphalt Industry Alliance. Coventry, United 

Kingdom.

The Boston Consulting Group. (2009) Aggregates Sector 

Strategy Review. Final report created for the Carbon Trust. 

London, United Kingdom.
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Low Energy Asphalt mixes
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Extend paving window

Compaction aid

Less bitumen ageing
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Low Energy Asphalt mixes
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Fumes reduction

Extend paving window

Lower carbon emissions

Fuel savings

Compaction aid

Reduced hazards for workers

Lower energy costs

Less bitumen ageing
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Why Low energy asphalt mix/ technologies

Status of knowledge
Experience of Low Energy Asphalt mix on site

Perspectives and challenges 
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Status of knowledge
59th
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Á1956: Invention of ñFoamed Asphaltò by injecting steam into hot                
asphalt by Prof. Csanyi (Iowa state university)

Á1968: Mobil of Australia (Europe) acquired patent rights and 
modified the process by replacing it with cold water

Á1977: Chevron developed ñMix Manualò of emulsified asphalt

Á1985: Use of foam asphalt in RAP

Á1994: CMA with foam asphalt     

Á1995-96: First laboratory experiments on WMA (foaming process) 
conducted jointly by Kolo Veidekke and Shell in Europe.

Á1997-99: First test sections constructed in Europe (Norway, Germany) 
using WAM-Foam and organic (waxes) technologies

Á2002: NAPA Study Tour in Europe

Á2004:    First U.S. field trials with Aspha-min

Á2007:  AASHTO/ FHWA Scan study tour in Europe

ïVisited  field trial sections in Norway, Germany, and France

Á2007-17:NCHRP initiated projects on WMAé

Status of knowledge

Brief history

59th
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Ç Study tour in US

Ç Demonstration trials have been established since 2000.

ÁTypical trials include Sasobit, CECABASE and Aspha-Min.

ÁWater-based foaming techniques (Astec Double Barrel  Green, 
WAM-Foam).

Ç Laboratory evaluation and validation trials

Áthree thin surfacings (chemical additive, polymer additive, foaming)

Áa hotmix asphalt ócontrolô surfacing 

Ç After 2 yrs of trafficking, no discernible difference between the WMA 
and HMA ócontrolô sections

Ástructural (strength) performance evaluation 

Áfunctional (roughness, rutting, texture) performance evaluation 

Ç Austroads technical reports  

22

Status of knowledge

Australia

59th

Prof. Andreas Loizos

NTUA

https://austroads.com.au/
https://www.google.gr/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=2ahUKEwjKgp6b16PeAhXF-aQKHU3YCJcQjRx6BAgBEAQ&url=http://higherlogicdownload.s3.amazonaws.com/IPWEA/c7e19de0-08d5-47b7-ac3f-c198b11cd969/UploadedImages/Congress/2014/3A-3 Michael Caltabiano.pdf&psig=AOvVaw0zi80G1sHOg8vVoCgUXTne&ust=1540628678554801


Ç WMA was first introduced to China in 2005. 

Ç Since 2006, WMA (mainly Evotherm) has been implemented in 
dozens of projects

Áhighways and dense population urban zone roads

Álong tunnels

Ábridges.

Ç Reported WMA performance is satisfactory compared to HMA 
requirements

Ç WMA local specifications: 2008-2011

Ç National WMA specification, 2012-2013

Ç Challenges/ barriers

ÁNo local WMA technologies

ÁProduction cost is higher than HMA/ contractors reluctancy

ÁNeed for government environmental policies/                                                           
incentives for WMA construction

23

Status of knowledge

China
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Status of knowledge

South Africa

Field 

trials
Gained 

knowledge

ÇWarm Mix Asphalt Interest Group (WMAIG) was formulated in 2008. 

ÁSouth African Bitumen Association (Sabita)

ÁRoad Pavement Forum (RPF)

ÁSociety for asphalt Technology (SAT)

Ç Study tour in Europe

Ç Full-scale WMA trials (organic, chemical and foaming techniques) including HMA ócontrolô sections

ÇLaboratory evaluation (moisture susceptibility, rutting, modulus, fatigue) and monitoring during construction

ÇWMA can be produced satisfactorily using several technologies and incorporating Reclaimed Asphalt

ÇWMA best practice guideline based on gained knowledge and understanding 

59th

24
Prof. Andreas Loizos

NTUA



Status of knowledge

United States

Ç 2002 - NAPA Study Tour to Europe

Ç 2003 - Featured at NAPAôs Annual Convention

Ç 2004

ïDemonstration at World of Asphalt

ïFirst U.S. field trials (Aspha-min)

Ç 2005

ïWarm Mix Asphalt Technical Working Group (WMA TWG)

ïField trials

ïNCAT reports

Ç 2006

ïField trials

ïNCAT report

Ç 2007

ïAASHTO/ FHWA Scan study tour in Europe

ïNCHRP research initiated

WMA 
TWG

NAPA

FHWA

Others

DOTs

AASHTO

NCAT

59th
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Status of knowledge

United States

Ç 2008

ïDocumented WMA trials in 32 states

ï13 WMA technologies marketed in the US

ï1st International WMA Conference in Nestville,Tennessee

Ç 2010

ïDocumented WMA trials in 45 US States and all 10 Canadian 
providences

ï30 U.S. States and Canadian Provinces have specifications for WMA

ïOver 20 WMA technologies marketed in the U.S.

Ç 2011

ïall 50 states had conducted trials of WMA 

ï2nd International WMA Conference in St Liouis, Missouri

ïNCHRP research programs initiated

Ç 2012

ïNAPA publications update for WMA best practices

59th

2008 2009 2010 2011 é
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Status of knowledge

United States
Ç NCHRP WMA-based research programs/ Issues addressed:

ïmix design and aging conditioning protocols

ïcritical engineering properties: moisture susceptibility, rutting

ïemissions

ïshort- and long-term performance in comparison with HMA

ïRAP/ RAS incorporation challenge

59th

Overall performance

WMA

HMA
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Status of knowledge

Canada

59th

Ç 2005

Three trial sections of WMA were placed in Montreal, using Aspha-

min zeolite

Three other projects were laid using Aspha-min. The first was a

demonstration project, placed using 280 tons of WMA.

Ç 2006

Other 2 projects were constructed later with temperatures ranging

between 0 and 5ÁC. Zeolite was incorporated into the control HMA and

a significant improvement in compaction was reported.

Seven demonstrations of the Evotherm technology were conducted

consuming nearly 10,000 tons of warm mix.

Ç 2005 & 2007 
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Status of knowledge

Europe
Ç Full-scale WMA trials including HMA ócontrolô sections

ÇLaboratory and field investigations

ÇWMA can be produced satisfactorily using several additives, except for foaming techniques

ÇReduction of fumes and aerosoles

Ç Bulletin issued which lists the ócertifiedô additives for incorporation in different asphalt mixes types 

Combined 

with RAP

Germany

59th

Overall performance

WMA

HMA
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ÇRehabilitation included 29cm of WMA

ÇPaving window 7.5 hours

Ç Immediately opened to jet aircraft traffic at a temperature of 85ęCwithout deformation

WMA

Rehabilitation

30

Status of knowledge

Europe

59th
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Status of knowledge

Ç First WMA trials using foaming techniques including HMA ócontrolô sections

ÁLaboratory investigations (resistance to deformation, abrasion and fatigue)  

ÁField investigations (rut depth, longitudinal smoothness and surface texture)

ÁEqual performance to HMA

ÇNorwegian WMA project, Low Temperature Asphalt 2011

ÁEvaluation of asphalt quality when changing from  HMA to WMA (difference 30oC)

ÁAnalysis of working environment and ergonomic working conditions when laying WMA and HMA

Europe

Ásignificant reduction in asphalt fumes and vapour
Áno difference in the mechanical exposures (in terms of heart 
rate and push-and-pull forces) by hand laying of HMA and WMA

ÁHMA (ref) mix        

ÁWMA mix

ÁHMA (ref) pavement        

ÁWMA pavement

Áno significant differences in mix properties
Áno significant differences in field rutting and roughness

Norway

59th
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Status of knowledge

Ç Laboratory evaluation and environmental assessment                       
(workability, compactability, water and rutting resistance, stiffness modulus / fatigue resistance)

ÇField trials are undertaken; if successful, guidance papers are prepared for use of the product

Europe

France

59th
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By Carbon Trustôs mission

Status of knowledge

Europe

France

59th

Production of warm and hot mix asphalts in France
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Status of knowledge

Europe United Kingdom

59th

1 Evidence of performance

ÅTechnology is still under-utilized in the UK.

ÅNevertheless, the use of low energy mixtures is now slowly increasing as the

industry has become more familiar about its presence and performance.

ÅAsphalt suppliers and research organizations are increasingly confident about

understanding its durability.

2 Knowledge and understanding

ÅNew trials made on various types of road have been documented and specifications

are now being developed to include lower temperature asphalt technologies.

3 Design guidance

ÅAn increasing number of documents are being released to help understand these

new products.

4 Affordability

ÅLower temperature asphalts could even become slightly cheaper as demand and

production increase.

5 Specification

ÅTRL developed the new document, ñSpecification for Low Temperature Asphalt

Mixturesò,may assist designers and specifiers

34
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Status of knowledge

Europe

59th

Netherlands

VLocal authorities use environment criteria in their bids to select asphalt. The point

system was put in place by the government; CO2 criteria weight can be up to 10%, thus

increasing the chance to win tenders.

VFoaming technique is used, which is sold at the same price as HMA. Asphalt also

typically contains a lot of reclaimed asphalt.

VBAM Group is currently undertaking a project part-funded by the EU (Life+ LE2AP) with

the goal to pave 1 km of road containing 80% reclaimed asphalt and produced at 80ÁC.

Czech Republic

VPreliminary national specifications for Low Energy Asphalt Mixes published by the

Czech Ministry of Transport in 2012.

VIn 2013, an important road tunnel in Prague was paved using it.

VA couple of other research projects focusing on the development of Low Energy Asphalt

Mixes started in 2013.
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Status of knowledge

Europe

59th

Switzerland

VIndividual asphalt producers and contractors are promoting these

technologies.

VIn 2013, 870,000 tons of WMA and 830,000 tonnes of cold asphalt were

produced in Switzerland, making the country the 2nd largest producer of

lower energy asphalt mixtures in Europe.

VResearch project underway to include them in the standards .

Sweden

VIn 2013, Sweden produced about half a million tons of them.

Denmark

VPaved a motorway in 2012 and obtained very satisfactory results.

VNCC has paved many other sections since then.

Others é
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Status of knowledge
59th

Half-Warm Mix Asphalt

Ç Generally, sequential aggregate coating and bitumen foaming process is followed for developing H-WMA.

Ç Use of cold and wet sand and/or aggregates partially dried/ Vaporization of water allowing bitumen foaming

ÇTechnologies developed in France (Low Energy Asphalt: LEA), but limited use (France, Netherlandsé)

Prof. Andreas Loizos

NTUA

Types of asphalt technology energy consumption 

(Olard. F., et al., 2008)
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Status of knowledge
59th

Cold Mix Asphalt

Bitumen emulsionFoamed bitumen

Ç There are still concerns (e.g. high air-void, moisture damage resistance, long curing times required to achieve 
maximum performance etc) which reduce its widespread usage in asphalt layers

Ç General use for preservation/ surface dressings or for light traffic roads

ÇMore research is needed to develop high-quality CMA towards enhance applicability due its greatest 

environmental impact
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2016

2017

Status of knowledge
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Low Energy 
Asphalt Mixes

Europe USA

Chemical and organic additives were 
initially mainly used 

Mainly focused on foaming techniques

An initial capital investment usually ranging 
between $30,000 and $70,000 per plant

Typically add about $3 per ton to the cost of 

asphalt, thus making these methods more 
expensive in the long term

Criteria for asphalt performance 

V Today, almost 90% of the US market

uses foaming.

59th
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Status of knowledge
59th

WMA 
TWG

NAPA

FHWA

Others

DOTs

AASHTO

NCAT

Strategic policy
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Outline

Why Low energy asphalt mix/ technologies

Status of knowledge

Experiences of Low Energy Asphalt mix on site
Perspectives and challenges
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www.bcrra2017.com

International Conference

28-30 June 2017
Athens, Greece

BCRRA 2017

44

Effect of compaction temperatures on the warm mix

asphalt volumetrics and stability

Ozturk, H.I., et al.
V Turkey experience

Feasibility study on a thermoset polymer-coated 

emulsified warm-mix asphalt mixture

Yoo, P.J., Ohm, B.S., Park, K.S. and Al-Qadi, I.L. 

Performance evaluation of a 100% recycled asphalt 

pavement mixture using a polymer binder: A pilot 

study

Hajj, E.Y. , et al. 

ü Also others in Conferences and International Journalsé.

59th

Prof. Andreas Loizos

NTUA

http://www.bcrra2017.com/
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Materials/ technologies used

Accelerated tests

Lab performance 

assessment

Experience on Low Energy Asphalt mix on site
59th

Prof. Andreas Loizos

NTUA



46

Performance concerns
ÇMoisture susceptibility

ÇRutting potential

ÇCracking resistance

Experience on Low Energy Asphalt mix on site
59th

Incorporation of RAP

?

Material performance / technique usability 

Prof. Andreas Loizos

NTUA

https://blogs.aca-it.be/first-weeks-as-business-developer-at-aca/solution/
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Asphalt Pavement Industry Survey on Recycled Materials and Warm-Mix Asphalt 
Usage, 2017 

Experience on Low Energy Asphalt mix on site
59th

Use of RAP
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RAP in Europe in 2012

VGermany and the Netherlands have the highest recycling rate of

available reclaimed asphalt in Europe.
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Use of RAP

Experience on Low Energy Asphalt mix on site
59th

% RAP used for HMA/ WMA 

production (2012)
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ÇLaboratory evaluation
ÁMix design (RAP/RAS) 

ÁSamples fabrication and conditioning (ageing regimes) 

ÁPerformance criteria

ÇM-E Pavement design 
ÁPerformance indicators prediction

Long term performance 

assessment

? Field 

Material performance / technique usability 

Experience on Low Energy Asphalt mix on site
59th

Prof. Andreas Loizos

NTUA
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Structural performance Functional performance

?
Field 

Pavement Condition 
Assessment

Material performance / technique usability 

59th
Experience on Low Energy Asphalt mix on site

Long term performance 

assessment

Prof. Andreas Loizos
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Long-life pavements

Low Energy 
Asphalt mixes ?

A sustainable pavement may be defined as άa pavement that minimizes
environmental impacts through the reduction of energy consumption, natural
resourcesand associatedemissionswhile meeting all performanceconditions and
standards.έ

59th
Experience on Low Energy Asphalt mix on site
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Long-life pavements

59th
Experience on Low Energy Asphalt mix on site
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Suitable materials selection

Çasphalt layers

Çbase-subbase layers

Long-life pavements

Pavement structure 
V low energy

V cost-effective

V durable &

highest-performing

Low energy mix with 

foamed bitumen 

(foamix) suitability ? 

Limit distresses 

on surface layer

59th
Experience on Low Energy Asphalt mix on site

Prof. Andreas Loizos
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Outline

Why Low energy asphalt mix/ technologies

Status of knowledge

Experience of Low Energy Asphalt mix on site
Á Foamed Asphalt mix

Perspectives and challenges 
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Aggregate       RAP Foamed bitumen

Foamed Asphalt mix (Foamix)

Experience on Low Energy Asphalt mix on site
59th
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NTUA



ÇProduced by a process in which water (typically 2 %) is injected into the hot bitumen, resulting 

in spontaneous foaming and temporary alteration of physical properties of bitumen

ÇWater, on contact with hot bitumen is turned into 

vapour, which is trapped in thousands of tiny 

bitumen bubbles

ÇFoam dissipates in a very short time in less than 

a minute and the original properties of bitumen are 

regained

Ç Incorporating foamed bitumen into the aggregates 

produces foamed asphalt mix (foamix)

Current  Foam Nozzle  
Configuration

Foamed bitumen/ Foamed Asphalt mix 

Experience on Low Energy Asphalt mix on site
59th
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BUBBLES  - as in ñbitumen cappuccinoò

Steam Surface tension

Foamed bitumen

Experience on Low Energy Asphalt mix on site
59th
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Foamed Asphalt mix

Non-continuously bound

DIFFERENT BEHAVIOUR PATTERNS

58

Continuously bound

Asphalt mix

ÁNon-continuously bound (spot welds)

ÁMillions of individual visco-elastic points

ÁStress dependent behaviour (granular)

ÁFine particles immobilised (durability)

Foamed Asphalt mix (foamix)

Experience on Low Energy Asphalt mix on site
59th
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Outline

Why Low energy asphalt mix/ technologies

Status of knowledge

Experience of Low Energy Asphalt mix on site
Á Foamed Asphalt mix

Á Laboratory design and mix optimization

Perspectives and challenges 
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Laboratory design and mix optimization

Foamability

Foamability of bitumen is characterized in terms of expansion ratio (ER) and half-life (HL)
ÁER: Ratio between the maximum volume achieved in the foam state and the initial volume of the binder

ÁHL (Ű1/2): Time between the moment the foam achieves maximum volume and the time it dissipates to half of 

the maximum volume

Experience on Low Energy Asphalt mix on site
59th
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Laboratory design and mix optimizationLaboratory design and mix optimization

Foamability optimization

Hailesilassie B.W., Thesis, Stockholm, Sweden, April 2016

ñMorphology Characterization of Foam Bitumen and Modeling                        

for  Low Temperature Asphalt Concreteò 
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Laboratory design and mix optimizationLaboratory design and mix optimization

Foamability optimization- Effect of water content and bitumen temperature

Experience on Low Energy Asphalt mix on site
59th
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Aggregate Skeleton Composition
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Laboratory design and mix optimization

Experience on Low Energy Asphalt mix on site
59th
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Greater flexibility
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Bituminous binder 6%

4%

A
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e
 F

ille
r

Granular Cold 

Mix

Visco-elastic 

Cold Mix

Cemented

(Brittle)

Cold Mix

Less economical mixes 

fatigue

rutting

brittle

cracking

HMA

Unbound

Crushed stone/  

gravel

Stress 

dependent

Time, 

temp dependent

Strongly 

cemented

C1 or C2

Lightly 

cemented

C3 or C4

ñLinear-elasticò

Experience on Low Energy Asphalt mix on site
59th
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Laboratory design and mix optimization

Experience on Low Energy Asphalt mix on site
59th
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dry wet
Laboratory design and mix optimization

Both dry & soaked conditions

Experience on Low Energy Asphalt mix on site
59th
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Tensile Strength Retained (TSR)
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Outline

Why Low energy asphalt mix/ technologies

Status of knowledge

Experience of Low Energy Asphalt mix on site
Á Foamed Asphalt mix

Á Laboratory design and mix optimization

Á Implementation

Perspectives and challenges 
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Pavement designLaboratory mix design

Implementation

Experience on Low Energy Asphalt mix on site
59th
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Foamed asphalt 

mix layer

Asphalt layers

Asphalt concrete friction course mix (semi-

open graded)

Dense graded asphalt 

concrete mix

Foamed bitumen treated RAP + aggregate

Prof. Andreas Loizos

NTUA



Construction process
Implementation

Experience on Low Energy Asphalt mix on site
59th
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Construction process

Implementation

Experience on Low Energy Asphalt mix on site
59th
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Outline

Why Low energy asphalt mix/ technologies

Status of knowledge

Experience of Low Energy Asphalt mix on site
Á Foamed Asphalt mix

Á Laboratory design and mix optimization

Á Implementation

Á Early-stage performance

Perspectives and challenges 

71
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Measurements on the 

foamix layer
Measurements on the 

asphalt base course

Measurements on the 

asphalt surface course

Foamed 

Asphalt

Foamed 

Asphalt

Asphalt base

Foamed 

Asphalt

Asphalt base 

course

Surface course

NDT assessment

Early-stage performance

1-2 days 5 days 
3 weeks-

18 months 

Experience on Low Energy Asphalt mix on site
59th
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In-situ HMA density 
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algorithms

ÁALL

ÁPANK

ÁRegression based

Surface course compaction density assessment
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Early-stage performance

Experience on Low Energy Asphalt mix on site
59th
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CHALLENGE

ÇTo eliminate the effect of surface moisture based on the  ñfrequency-selectiveò effect:

GPR Data on Dry 

Pavement

Density of 

Pavement

Density Model

GPR Data on Wet 

Pavement

Correction 

Algorithm

Ç Density Model: Al-Qadi, Lahouar, Leng (ALL) Model

Ç ALL model ïAC dielectric constant is extremely important for real-time density monitor.

Ç Correction Algorithm: Nonlinear optimization based on gradient descent.

Ç Simulation using Finite Difference Time Domain ïgprMax.

Al-Qadi, I. L., Wang, S., & Zhao, S. (2018). Non-linear Optimization of GPR 

Data to Predict Thin Overlay Thickness and Density. European 

Geosciences Union (EGU) General Assembly 2018, Vienna, Austria.
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Experience on Low Energy Asphalt mix on site
59th
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Georgiou, P. & Loizos, A. (2015). Assessment of in-situ compaction degree of HMA 

pavement surface layers using GPR and novel dielectric properties-based algorithms. 

European Geosciences Union (EGU) General Assembly 2015, Vienna, Austria.

NTUA methodological approach
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Early-stage performance

Experience on Low Energy Asphalt mix on site
59th
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ÇDischarge of water from compacted 

material due to:

ÁEvaporation

ÁParticle charge repulsion

ÁPore-pressure induced flow paths

ÇCuring is associated with strength gain

Early stage ïno possibility for coring due to curing process

óCuring issuesô
Early-stage performance

Experience on Low Energy Asphalt mix on site
59th
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Back-analysis results

Early-stage performance
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Experience on Low Energy Asphalt mix on site
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Back-analysis results

Early-stage performance

Very good correlation between GPR and cores-based backcalculated FA moduli

Cores extraction after curing (>6 months period)

Experience on Low Energy Asphalt mix on site
59th
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Completed foamed bitumen layer

Asphalt base course

Asphalt surfacing

Asphalt surfacing 

(12months later)

Increase in modulus of foamed asphalt layer

18 months later

79

FWD deflections over time

Early-stage performance

Experience on Low Energy Asphalt mix on site
59th
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Outline

Why Low energy asphalt mix/ technologies

Status of knowledge

Experience of Low Energy Asphalt mix on site
Á Foamed Asphalt mix

Á Laboratory design and mix optimization

Á Implementation

Á Early-stage performance

Á Long-term performance

Perspectives and challenges 
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Long-term performance

Experience on Low Energy Asphalt mix on site
59th
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Papavasiliou, V. and Loizos, A. (2013). Field performance and fatigue characteristics of pavement materials 

treated with foamed asphalt, Construction and Building Materials, Volume 48: 677-684.



Long-term performance

Laboratory tests

Instrumentation

(Fiber Optic Sensors)
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Experience on Low Energy Asphalt mix on site
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Field behavior

Strain analysis

Prof. Andreas Loizos
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Unlike pavement design, 

fatigue of foamed bitumen 

mix may not be considered 

a critical performance 

indicator

Location A

Asphalt 

layers

Foamed            

Asphalt 

layer Location B

Loizos et al. (2013), International Journal of Pavement Engineering, Volume 14 (2): 125-133.
84

Assessment of strains 

using Fiber Optic Sensors

Long-term performance

Experience on Low Energy Asphalt mix on site
59th
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Assessment of field behavior

FWD

Long-term performance

Experience on Low Energy Asphalt mix on site
59th

Prof. Andreas Loizos

NTUA



Failure mode?

LOAD

NOT ñPermanent deformation" 

Rut depth criterion

NOT ñbottom-up" cracking

All particles not bound together 

Not 

continuously 

bondedParticle interlock + Enhanced cohesion

Deflection

Tension

Compression

(Tensile strength)

Long-term performance

Experience on Low Energy Asphalt mix on site
59th
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Greater flexibility
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Foamix
3% f.b.             

1% cem.
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(Brittle)

Cold Mix

Less economical mixes 

fatigue
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dependent
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Strongly 
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ñLinear-elasticò

Experience on Low Energy Asphalt mix on site
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ÇUp to 100% of existing materials reused

Ç Limited need of new materials

ÇKeeps reusable materials out of the landfill

Environmental impact

Experience on Low Energy Asphalt mix on site
59th
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ÇQuick implementation

ÇRoad open for traffic same day

ÇHigh safety consideration

Social impact

ÇResistive to moisture intrusion

ÇFlexible base ïholds up well to overloading

ÇVirtually no maintenance for +10 years

Ç Inexpensive make up materials can be added to roads that donôt 

have good mix of materials for structural design 

Economic impact- Construction benefits

Prof. Andreas Loizos
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Research is ongoingé

Long Term Pavement Performance

59th
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Experience on Low Energy Asphalt mix on site



Outline

Why Low energy asphalt mix/ technologies

Status of knowledge

Experience of Low Energy Asphalt mix on site
Á Foamed Asphalt mix

Á Laboratory design and mix optimization

Á Implementation

Á Early-stage performance

Á Long-term performance

Á Our Goal 

Perspectives and challenges 
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Low energy and long-life pavement

91

Our Goal
59th

Suitable materials selection

Çasphalt courses

Çbase-subbase courses

Pavement structure criteria 

ü low energy

ü cost-effective

ü durable & highest-performing

Prof. Andreas Loizos
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Base-subbase

layers

Asphalt layers
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Low energy and long-life pavement

92

Our Goal
59th

Suitable materials selection

Çasphalt layers

Çbase-subbase layers

Prof. Andreas Loizos

NTUA

Base-subbase

layers

Asphalt layersWMA layers

Warm Mix Asphalt-RAP based 

asphalt layers

Near future

Foamed 

Asphalt                

mix layer

Foamed asphalt treated-RAP 

base-subbase layers


