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Low Energy Asphalt mixes

Biruminous Paving
Conference

Welfare of workers

Goal: reduce exposure to bitumen and
asphalt fumes

F=%Y  United Nations
R\ Framewark Convention on
W
‘:\.\ﬂé’ Climate Change

Environmental aspects
(Kyoto protocol)

Goal: Bring greenhouse gas
emissions down to levels of 1990

Sustainable development process

Goal: Conserve resources for use by
future generations
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Low Enerqgy Asphalt:

Incorporate technologies which reduce the mixing and laying temperatures and energy of manufacture of
Hot Mix Asphalt
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Low Energy Asphalt mixes
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Warm mix asphalt (WMA): produced and mixed at temperatures of 100°C to 140°C

Half-warm mix asphalt (H-WMA): produced with heated aggregate at a mixing temperature (of the mixture)
between approximately 70AC and roughly 100AC (below water vaporization)

Cold mix asphalt (CMA): produced with unheated aggregate and bitumen emulsion or foamed bitumen
produced
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T Low Energy Asphalt technologies

Biruminous Paving
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HOW
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Chemical additives

ASurfactants
AEmulsification agents
AAdhesion promoters

Foaming process

' Awater-bearing
AWater-based coating and bitumen foaming
" ASequential aggregate coating and bitumen foaming
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C There are several technologies available (Sasobit, Asphaltan B LEADCAPE)
C Organic or wax additives are used to achieve the temperature reduction by reducing viscosity of binder.
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C There are several technologies available: (Evotherm, Evotherm 3G, Rediset, Cecabaseé )
C These products generally include a combination of emulsification agents, surfactants, polymers, and
additives to improve coating, mixture workability, and compaction, as well as adhesion promoters.
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C There 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

C The foaming action in the binder temporally increases the volume of the binder and lowers the viscosity, which
improves coating and workability
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C There are several foaming technologies available that could be sub- categorlsed mto two groups:

b) water-based systems or sequential aggregate coating and binder foaming
C The foaming action in the binder temporally increases the volume of the binder and lowers the viscosity, which

Improves coating and workability
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Technology Mix type application

Incorporation of organic additives

Incorporation of chemical additives

Foamed bitumen

150 200

Warm Mix Asphalt
Warm Mix Asphalt

Water-bearing additives (such as zeolites) Warm Mix Asphalt

Water-based/foam generation equipment Warm Mix Asphalt or

Bitumen emulsion (Foamed bitumen)

Half-VWarm Mix Asphalt

Cold Mix Asphalt
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Lower energy costs

Fuel savings
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Low Energy Asphalt mixes

Fumes reduction

Reduced hazards for workers

St
= e X

Lower carbon emissions

NASA 2006 / 05/ 02
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o [ Low Energy Asphalt mixes

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

20% - 40% COz2 reduction

possible from reduced
production temperature

Extraction & I
Processing of
| Aggregates (95%) D .
Asphalt Production Paving
Extraction & TRANSPORT DELIVERY
Processing of
i 0 Reduced energy
~ Bltumin (35) consumption ﬂ ﬂ
@ Drying Mixing
Heating 20%

Prof. Andreas Loizos

80%
Removal at
end of life

Reclaimed Asphalt
TRANSPORT

Maintenance

i

Total carbon footprint allocation
for atypical road pavement project

s Extraction and Processing of
Agaregates (95% of Asphalt)

» Extraction and Processing of
Bitumen (5% of Asphalt)

= Transport to Asphalt Plant
Asphalt Production
» Transport to Paving Site

= Paving

Gossling, R., and Schiavi, |. (2009) asPECT i Measuring 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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Less bitumen ageing

Compaction aid

Temperature
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Low Energy Asphalt mixes

Lower carbon emissions

Lower energy costs
Fumes reduction

Fuel savings
Reduced hazards for workers

Compaction aid Extend paving window

Less bitumen ageing

Prof. Andreas Loizos
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i Status of knowledge

Overview of WMA

Low
Energy
“Asphalt -
A | mixes
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— Status of knowledge

Biruminous Paving
Conference

Production/
demonstration

*mix design and test
methods (Europe,

* mixing plants
* product consistency

» Short-and long-term
field performance

USA...) _ « contractorslaying « Validate mix designs,
« |laboratory evaluation/ experience construction standards,
test methods pavement design

procedures

é NTUA
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— Status of knowledge

Biruminous Paving
Conference

Brief history

A 1956: l nvention of HAFoamed Aspha,
asphalt by Prof. Csanyi (lowa state university)

A 1968:  Mobil of Australia (Europe) acquired patent rights and
modified the process by replacing it with cold water

FINLAND |

A 1977: Chevron developed A Mi x Manual 6 of e munl

5
A 1985:  Use of foam asphalt in RAP o e Mg cussia
A 1994:  CMA with foam asphalt ‘
A 1995-96: First laboratory experiments on WMA (foaming process) L et

conducted jointly by Kolo Veidekke and Shell in Europe.

A 1997-99: First test sections constructed in Europe (Norway, Germany)
using WAM-Foam and organic (waxes) technologies

2002:  NAPA Study Tour in Europe
A 2004:  First U.S. field trials with Aspha-min
2007:  AASHTO/ FHWA Scan study tour in Europe
T Visited field trial sections in Norway, Germany, and France
A 2007-172NCHRP initiated projects on

Prof. Andreas Loizos
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Status of knowledge ,v_

A A Z
2 ~
L
| AAPA L
A t | > Australia I,
ustralia pavement associanon A US LT OBG'S i

C Study tour in US
C Demonstration trials have been established since 2000.
ATypical trials include Sasobit, CECABASE and Aspha-Min.

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

C Laboratory evaluation and validation trials
Athree thin surfacings (chemical additive, polymer additive, foaming)
Aahotmixasphalt O6control é& surfacing

C After 2 yrs of trafficking, no discernible difference between the WMA
and HMA O6control 6 sections

Astructural (strength) performance evaluation
Afunctional (roughness, rutting, texture) performance evaluation

C Austroads technical reports

Prof. Andreas Loizos
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— Status of knowledge

Biruminous Paving
Conference

China

C WMA was first introduced to China in 2005.

C Since 2006, WMA (mainly Evotherm) has been implemented in
dozens of projects
Ahighways and dense population urban zone roads
Along tunnels
Abridges.

C Reported WMA performance is satisfactory compared to HMA
requirements

C WMA local specifications: 2008-2011
National WMA specification, 2012-2013

0

C Challenges/ barriers
ANo local WMA technologies
AProduction cost is higher than HMA/ contractors reluctancy

ANeed for government environmental policies/
incentives for WMA construction

Prof. Andreas Loizos



w—_ Status of knowledge

South Africa

C Warm Mix Asphalt Interest Group (WMAIG) was formulated in 2008.
ASouth African Bitumen Association (Sabita)
ARoad Pavement Forum (RPF)
ASociety for asphalt Technology (SAT)
C Study tour in Europe
C Ful-scal e WMA trials (organic, chemical and f oami
C Laboratory evaluation (moisture susceptibility, rutting, modulus, fatigue) and monitoring during construction

C WMA can be produced satisfactorily using several technologies and incorporating Reclaimed Asphalt

C WMA best practice guideline based on gained knowledge and understanding

Field
trials

,_

Gained
knowledge

Prof. Andreas Loizos
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=~ Status of knowledge

United States

C 2002 - NAPA Study Tour to Europe

C 2003-Featured at NAPAOGs Annual
C 2004

i Demonstration at World of Asphalt

i First U.S. field trials (Aspha-min)

C 2005

I Warm Mix Asphalt Technical Working Group (WMA TWG)
i Field trials

T NCAT reports

C 2006

i Field trials

T NCAT report

C 2007

i AASHTO/ FHWA Scan study tour in Europe

i NCHRP research initiated

G NTUA

Prof. Andreas Loizos
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Status of knowledge

United States

C 2008

I Documented WMA trials in 32 states

i 13 WMA technologies marketed in the US

T 1st International WMA Conference in Nestville,Tennessee
C 2010

T Documented WMA trials in 45 US States and all 10 Canadian
providences

i 30 U.S. States and Canadian Provinces have specifications for WMA
i Over 20 WMA technologies marketed in the U.S.

C 2011

i all 50 states had conducted trials of WMA

T 2nd International WMA Conference in St Liouis, Missouri

I NCHRP research programs initiated

C 2012

i NAPA publications update for WMA best practices

) NTUA

Prof. Andreas Loizos

STARTING
POINT
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= }Status of knowledge

United States

C NCHRP WMA-based research programs/ Issues addressed:
I mix design and aging conditioning protocols

I critical engineering properties: moisture susceptibility, rutting
I emissions

I short- and long-term performance in comparison with HMA

I RAP/ RAS incorporation challenge

22

i ;
Hot Mix Asphalt Warm Mix Asphalt
’ 250°F e
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Status of knowledge

Biruminous Pavin
Conference

Canada

C 2005

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

C 2006

Three other projects were laid using Aspha-min. The first was a
demonstration project, placed using 280 tons of WMA.

Other 2 projects were constructed later with temperatures ranging
between 0 and 5AC. Zeolite was incorporated into the control HMA and
a significant improvement in compaction was reported.

C 2005 & 2007

Seven demonstrations of the Evotherm technology were conducted
consuming nearly 10,000 tons of warm mix.

Pro. Andreas Loizos
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|T> Status of knowledge

Europe ~
CFulscale WMA trials including HMA 6c ool O3S €€

C Laboratory and field investigations Germany
C WMA can be produced satisfactorily using several additives, except for foaming techniques

C Reduction of fumes and aerosoles

C Bulletini ssued which | ists the O6certifiedd additives
Overall performance
. .

Wearing course

Bindercourse "
Base course

SmB36B | 5070Pen+ | 507OPen+ | 5070Pen+ m:::l; Sbit

(preblended % Asphaitan B | AsphaltanB =3 VR4S
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Rutting Equal Equal Equal Equal Equal Equal
- Post
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% @ densification
Cracking Equal Equal Equal Equal Equal Equal
Thermal Better Equal Better Equal Better
stability Better
Low Equal or Equal or Equal or
E temperature Equal Better Equal Equel Better Better b . d
§ performance - - — —— ‘ Ol I I I n e
qual or qual or qual or |
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wit A
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C Rehabilitation included 29cm of WMA
C Paving window 7.5 hours
C Immediately opened to jet aircraft traffic at a temperature of 85e @Qvithout deformation

Prof. Andreas Loizos 30
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,T> Status of knowledge

Europe

C First WMA trials using foaming techniqguesi ncl udi ng HMA o6co %
AlLaboratory investigations (resistance to deformation, abrasion and fatigue) Norwegian bl R
AField investigations (rut depth, longitudinal smoothness and surface texture)

AEqual performance to HMA

Statens vegvesen

C Norwegian WMA project, Low Temperature Asphalt 2011
A Evaluation of asphalt quality when changing from HMA to WMA (difference 30°C)
A Analysis of working environment and ergonomic working conditions when laying WMA and HMA

1400 ——— .
AHMA (ref) mix
AWMA mix

ITSR, %

IRI-value

AHMA (ref) pavement
AWMA pavement

KPP P S S
T T F

" %
ke

Ano significant differences in mix properties

Asignificant reduction in asphalt fumes and vapour

Ano significant differences in field rutting and roughness Ano difference in the mechanical exposures (in terms of heart

Prof. Andreas Loizos

rate and push-and-pull forces) by hand laying of HMA and WMA
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|T> Status of knowledge

Europe

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

. 32
Prof. Andreas Loizos
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s, Status of knowledge

Europe

Production of warm and hot mix asphalts in France

50 France

30

MILLION TONNES

4%

10

20

MILLION TONNES

86%

m Cold asphalt = Warm-mix asphalt = Hot-mix asphalt

‘ NTUA

Prof. Andreas Loizos

33


https://www.google.gr/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=2ahUKEwi7iduIi8LdAhXF3KQKHZX1CYQQjRx6BAgBEAU&url=http://mapofeurope.com/map-europe-2018/&psig=AOvVaw2e4KzmOa5LJvsuK1TcVr06&ust=1537275318861576

|T> Status of knowledge

Europe Aspha

1 Evidence of performance

A Technology is still under-utilized in the UK.

A Nevertheless, the use of low energy mixtures is now slowly increasing as the
industry has become more familiar about its presence and performance. ‘

A Asphalt suppliers and research organizations are increasingly confident about - =
understanding its durability. ST .

United Kingdom

2 Knowledge and understanding
A New 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 T ——
A An increasing number of documents are being released to help understand these
new products.

4 Affordability aug

A Lower temperature asphalts could even become slightly cheaper as demand and IO —
production increase. R —

5 Specification iy - L
A TRL developed the new document, fSpecification for Low Temperature Asphalt
Mixtureso may assist designers and specifiers

\\\\\\\\\\\

NTUA
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Europe Aspha

Netherlands

V Local 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.

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

typically contains a lot of reclaimed asphalt.
V BAM 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 80AC.

Czech Republic
V Preliminary national specifications for Low Energy Asphalt Mixes published by the

Czech Ministry of Transport in 2012.
V In 2013, an important road tunnel in Prague was paved using it.

V A couple of other research projects focusing on the development of Low Energy Asphalt
Mixes started in 2013.

Prof. Andreas Loizos
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- Status of knowledge

[ s | Enerd
Low Ne  rixes
Euro pe Asp“a“ Mixe

Switzerland
V Individual asphalt producers and contractors are promoting these
technologies.

V In 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.

V Research project underway to include them in the standards .

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

Denmark
V Paved a motorway in 2012 and obtained very satisfactory results.
V NCC has paved many other sections since then.

Others é

NTUA
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,T> Status of knowledge
Half-Warm Mix Asphalt
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Asphalt o
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Cold Mix
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\ — - v Asphal
Temperature (°C)

Types of asphalt technology energy consumption
(Olard. F., et al., 2008)

C Generally, sequential aggregate coating and bitumen foaming process is followed for developing H-WMA.
C Use of cold and wet sand and/or aggregates partially dried/ Vaporization of water allowing bitumen foaming
C Technologies developed in France (Low Energy Asphalt: LEA), but | i mited use (Frar

NTUA
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,T> Status of knowledge

Cold Mix Asphalt :

7 -
Heating
6 A

-
s
s
a
£
o
-
° -~
E2
£5 5 Latent heat of / Hot
o= Vaporisation Mix
c 9 \ Asphalt Vaporisation
o9 4
s$= Warm
32 Mix
. . . 3 3 Asphalt
Foamed bitumen Bitumen emulsion =
- e S - ey = '§ 2 -_— .y
™ = E Cold Drying
k Mix
Asphalt
0 N ; v T \
50 100 150 200

Temperature (°C)

C 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

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

C More research is needed to develop high-quality CMA towards enhance applicability due its greatest
environmental impact
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2016

1.9%
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o

~ mUnited States (NAPA)

M Europe (EAPA)

2009 2010 2011 2012 2013 2014 2015 2016 2017
Year

21.1% .
Production plant foaming

= Additive foaming
Chemical additive
2017 Organic additive

32.2% .
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B, SLatus of knowledge

Low Energy
Asphalt Mixes

. USA

Mainly focused on foaming techniques

Europe

Chemical and organic additives were

initially mainly used
V Today, almost 90% of the US market

ﬂ ﬂ uses foaming.

Typically add about $3 per ton to the cost of

. An initial capital investment usually ranging
asphalt, thus making these methods more
expensive in the long term between $30,000 and $70,000 per plant

g 4

- )

| | i sptpetomarce |

-
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Status of knowledge

llinois
59th || mruminous Paving
Conference,

“

G NTUA

Prof. Andreas Loizos

Strategic research projects and multiple
stakeholders

Multiple implementation & validation test
sites/ Short- and long-term performance
evaluation

Dissemination (conferences, meetings...)

Guidelines and specifications

Additional production cost is compensated
from field compaction-based bonuses

National level projects

Industry-driven demonstration sites/
limited evidence of durability

Limited data and information exchange

CE performance-based mandate/ Absence of
CEN specifications (ref. HMA)

No cost affordability

41
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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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Tinois
59th || mruminoos Paving
Conference

BCRRA 2017

N
v
BCRRA 2017

Tenth International Conference
on the Bearing Capacity of Roads, Railways and Airfields
|

7

28 - 30 June 2017
Athens, Greece
www.berraZ017.com

National

.
o ILLINOIS
Arhens O RS AR

www.bcrra2017.com

U Also others n

) NTUA

Prof. Andreas Loizos

International Conference

O

28-30 June 2017
Athens, Greece

Bearing Capacity of Roads,
Railways and Airfields

Conferences

Feasibility study on athermoset polymer-coated
emulsified warm-mix asphalt mixture
Yoo, P.J., Ohm, B.S., Park, K.S. and Al-Qadi, I.L.

Effect of compaction temperatures on the warm mix
asphalt volumetrics and stability

Ozturk, H.1., et al. V  Turkey experience

Performance evaluation of a 100% recycled asphalt
pavement mixture using a polymer binder: A pilot
study

Hajj, E.Y. , et al.

and | ntern
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R Experience on Low Energy Asphalt mix on site

Biruminous Paving
Conference

Lab performance

Materials/ technologies used assessment

Asphalt layers
Unbound road-base

Unbound sub-base &

é NTUA
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s fEm. 2XRErience on Low Energy Asphalt mix on site

Conference

Material performance / technique usability

Asphalt layers
Unbound road-base

F_)Qr_fQ rmance concerns Incorporation of RAP

|§3 Moisture susceptlblllty
Q Rutting potential N Vs
Q Cracking resistance ’) \.

@ ‘
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Experience on Low Energy Asphalt mix on site

tinnis
59th | Bruminous Paving
Conference

Use of RAP

Asphalt Pavement Industry Survey on Recycled Materials and Warm-Mix Asphalt
Usage, 2017

90.0
80.0
T70.0
60.0
50.0
40.0

300

RAP Tons, millions

200

10.0

0.0

® Accepted
&L andfilled
wmUsed in Other
@Used in Cold Mix
mUsed in Aggregate = 6.2 73 49 36 40 85 55 37 34
mUsed in HMAMWMA = 56.0 62.1 867 8.3 67.8 719 742 76.9 76.2
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e Experience on Low Energy Asphalt mix on site

Biruminous Paving
Conference.

Use of RAP

RAP in Europe in 2012
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Asphalt |
Unbound road-base
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Uboedsbbue

C Laboratory evaluation I
AViix design (RAP/RAS) |
I ASamples fabrication and conditioning (ageing regimes)
| APerformance criteria I
1 ¢ M-E Pavement design I
I_APerformance indicators prediction
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Experience on Low Energy Asphalt mix on site

Asphalt |
Unbound road-base

Unbound sub-base ?

Structural performance + Functional performance s

PavementCondition
Assessment

Prof. Andreas Loizos S0



s fEm. 2XRErience on Low Energy Asphalt mix on site
Conference

Pavement Sustainability

a0
| GUSTAINABLE

Long-life pavements

A sustainable pavement may be defined as d&a pavement that minimizes
environmental impacts through the reduction of energy consumption, natural
resourcesand associatedemissionswhile meeting all performance conditions and
standardse

‘ NTUA
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e Experience on Low Energy Asphalt mix on site

Biruminous Paving
Conference.

Pavement Sustainability

Long-life pavements

‘ NTUA
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Asphalt layers

Unbound road-base
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GGAL

Long-life pavements Limit distresses
on surface layer

Pavement structure
V low energy

V cost-effective

V durable &

| highest-performing

Low energy mix with Suitable materials selection
foamed bitumen C asphalt layers
(foamix) suitability ? C base-subbase layers

G NTUA
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Outline

Why Low energy asphalt mix/ technologies

Status of knowledge

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

Perspectives and challenges
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59th

Foamed Asphalt mix (Foamix)

Aggregate

NTUA

Pro. Andreas Loizos

Typical fuel useage in modern plant

(litres/tonne)

RAP

m-

Latent heat of
Vaporisation

Cold
Mix
Asphalt

0

50

Half-
Warm
Mix
Asphalt

100
Temperature (°C)

Foamed bitumen

Hot
Mix
Asphalt

%Experience on Low Energy Asphalt mix on site
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__Experience on Low Energy Asphalt mix on site

Foamed bitumen/ Foamed Asphalt mix

C Produced 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

C Water, on contact with hot bitumen is turned into
vapour, which is trapped in thousands of tiny
bitumen bubbles

C Foam dissipates in a very short time in less than
a minute and the original properties of bitumen are
regained

C Incorporating foamed bitumen into the aggregates Spray Nozzle
produces foamed asphalt mix (foamix)

Foamed Bitumen

Prof. Andreas Loizos



Experience on Low Energy Asphalt mix on site

ifuminous
Conference ==

Foamed bitumen

BUBBLES - as 1 n fnbitumen capp!

Steam Surface tension
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we——. Experience on Low Energy Asphalt mix on site

Foamed Asphalt mix (foamix)

Pro. Andreas Loizos

Foamed Asphalt mix Asphalt mix

Non-continuously bound Continuously bound

DIFFERENT BEHAVIOUR PATTERNS

ANon-continuously bound (spot welds) '
AMillions of individual visco-elastic points
AStress dependent behaviour (granular)
AFine particles immobilised (durability)
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Outline

Experience of Low Energy Asphalt mix on site

A Laboratory design and mix optimization
Perspectives and challenges

‘ NTUA
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I:aboratory design and mix optimization

- 15
Foamaubility ? ER,, _ |L2
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Foamability of bitumen is characterized in terms of expansion ratio (ER) and half-life (HL)
AER: Ratio between the maximum volume achieved in the foam state and the initial volume of the binder

AHL (UJ,,): Time between the moment the foam achieves maximum volume and the time it dissipates to half of
the maximum volume

NTUA
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Experience on Low Energy Asphalt mix on site

— s
59th (| Bifuminous Paving >
Conference_ ===

Laboratory design and mix optimization

Foamability optimization

Expansion chamber

Foam bitumen stream

High-speed camera

Expansion Ratio
=
o
'_\
(€)]
Half-life (secs)

6 4
7 15
2 4
0 T : T : T : T 0
1 2 3 4
Foamant water (% m/m bitumen)

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

fMorphology Characterization of Foam Bitumen and Modeling

for Low Temperature Asphal
NTUA

Prof. Andreas Loizos 61



Experience on Low Energy Asphalt mix on site

Pavin

ifuminous
Conference

Laboratory design and mix optimization

Foamability optimization- Effect of water content and bitumen temperature

20
18 59 Bitumen
o 18 - Water content for temperature
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S 1o M 2 4% ? ——180°C
© Y . 0
2 10 SN 3 — —170°C
c 8 9 [N —_— =
38 AN 160°C
L 4 NS ._K 1%,
5 NN _-"""-1--‘::"'_
G T T T T
0 5 10 15 20 25 30

Half-life (seconds)

Pro. Andreas Loizos

62



59th

%Experience on Low Enerqy Asphalt mix on site Sieve Analysis
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__Experience on Low Energy Asphalt mix on site
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Experience on Low Energy Asphalt mix on site

Minois
59th (| miruminous Paving
nference

Laboratory design and mix optimization
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we——. Experience on Low Energy Asphalt mix on site

Laboratory design and mix optimization

LILILJLIL Both dry & soaked conditions

150mm ¢

O T AT nrn

Indir?ct Unconfined
Tensile 100mm ¢ Compressive
Strength Strength
(ITS) (UCs)
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Tensile Strength Retained (TSR)

ITS soaked
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TSR =

i) NTUA
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Outline

Experience of Low Energy Asphalt mix on site

A Implementation
Perspectives and challenges

‘ NTUA
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Experience on Low Energy Asphalt mix on site

Minois
59t [| Bifuminous Paving
nference

Implementation

Laboratory mix design Pavement design

Asphalt concrete friction course mix (semi- ]

SR = . [open graded)
..... e 4_[ Dense graded asphalt ]

concrete mix

Grading

=
A oo
Ay A

Cement

Foamed
bitumen
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Experience on Low Energy Asphalt mix on site

Hliinois:
59t [| Bifuminous Paving
nference

Implementation

Construction process
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Experience on Low Energy Asphalt mix on site

Hliinois:
59t [| Bifuminous Paving
nference

Implementation

Construction process
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Experience of Low Energy Asphalt mix on site

A Early-stage performance
Perspectives and challenges
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Experience on Low Energy Asphalt mix on site

Hliinois:
59t [| Bifuminous Paving
nference

Early-stage performance
NDT assessment

3 weeks-
1-2 5 days
shets y 18 months
Measurements on the Measurements on the Measurements on the
foamix layer asphalt base course asphalt surface course

‘ NTUA
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Experience on Low Energy Asphalt mix on site

Early-stage performance
Surface course compaction density assessment

ssessment

Post compaction
using GPR

o 2 Density / Air voids
%““2% algorithms —
SEIVIN & A © + A ALL ] In-situ HMA density
B Ao A PANK
©« T A Regression based

Prof. Andreas Loizos
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%Experience on Low Energy Asphalt mix on site

Al-Qadi, I. L., Wang, S., & Zhao, S. (2018). Non-linear Optimization of GPR
EGU Data to Predict Thin Overlay Thickness and Density. European

Geosciences Union (EGU) General Assembly 2018, Vienna, Austria.

59th

CHALLENGE
C To eliminate the effect of surface moisture based onthe i f r e g useenlceyct i veo ef f ec
Civa - £ _ 1- b €
ALL Model: G = 3G&ma- 23 1-23,e2,.€
(Al-Qadi, Lahouar, and Leng) —™ & e- g alL &P, 3 & -, e 1 €
- :}Ees - 23 2 +2 HSA = se ) E Qg b EQ_HMA eG mmg
i( Correction ) _
[ Algorithm ] [DenSIty Model]
GPR Data on Wet GPR Data on Dry Density of
Pavement Pavement Pavement
¢ Density Model: Al-Qadi, Lahouar, Leng (ALL) Model
¢ ALL model 7 AC dielectric constant is extremely important for real-time density monitor.
¢ Correction Algorithm: Nonlinear optimization based on gradient descent.
¢ Simulation using Finite Difference Time Domain i gprMax.
74
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T%Experience on Low Energy Asphalt mix on site

NTUA methodological approach
Early-stage performance

Assessment
Calculation of ‘ of in-situ
algorithms coefficients ‘ compaction degree
(use of three drill cores)
Post compaction () ALL model: &,
assessment PANK model: &
using GPR
Estimation
of enva
® GPR

R T T R o T R A P T T A T A SR

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

Georgiou, P. & Loizos, A. (2015). Assessment of in-situ compaction degree of HMA
EGU
C European Geosciences Union (EGU) General Assembly 2015, Vienna, Austria.

1/1000000
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Experience on Low Energy Asphalt mix on site

59th (| gifuminous Pavini

ifuminous
Conference.

Early-stage performance

O0Curing i1Issuesbo

Y. C Discharge of water from compacted
material due to:

. = AEvaporation
= AParticle charge repulsion
CURING APore-pressure induced flow paths
A C Curing is associated with strength gain

G _— Early stage i no possibility for coring due to curing process
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%Experience on Low Energy Asphalt mix on site

Early-stage performance

Prof. Andreas Loizos

Era[MPa]

Back-analysis results
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Early-stage performance

Back-analysis results
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Cores extraction after curing (>6 months period) Apn 7
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é _— Very good correlation between GPR and cores-based backcalculated FA moduli
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Maximum Deflection: 01 [um]

FWD deflections over time

g (on fo am)

=0 (on asphalt base

cours &)

== {0 vearing cours e /
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1 Asphalt surfacing

Asphalt surfacing
(12m0nths later)

0,100 0200

18 months later

Increase in modulus of foamed asphalt layer
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Average max deflection [microns
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Long-term performance

Fatigue test results (Foamix)
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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.
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Laboratory tests
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FOS signal [microns]
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Strain analysis
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(Fiber Optic Sensors)
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1o using Fiber Optic Sensors
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Loizos et al. (2013), International Journal of Pavement Engineering, Volume 14 (2): 125-133.

84



Experience on Low Energy Asphalt mix on site

Minois
59t [| Bifuminous Paving
nference

Long-term performance

Assessment of field behavior

F.A modulus

FA Modulus

- ___.

Real Loading Testing (RLT)

) NTUA
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Effective fatigue phase Equivalent granular phase
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Long-term performance LOAD

Failure mode?

- o 1~
Partlcle mterlock + Enhanced cohe3|on e
i ,:‘ ""1‘7’ @U{,"‘v/.&"!‘“' ‘4'1(
copa RSO Tension ¢ (Tensile strength) ;,g

Deflection

AII particle