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Une riche mémoire coIIectlve permettant une

comprehension approfondie de la construction routiere
durable en 2050.
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Durabilité

Qu’est-ce que la durabilité, gu’entend-on par la ?

- FHWA (2014) : A sustainable pavement is one that achieves its specific engineering
goals, while, on a broader scale, (1) meets basic human needs, (2) uses resources
effectively, and (3) preserves/restores surrounding ecosystems. Sustainability is
context sensitive and thus the approach taken is not universal, but rather unique
for each pavement application

Quelques beaux exemples déja :
* Sur le papier : EAPA, PIARC, EU,...
e Qutils : Edgar, Dubocalc

TOG THER FOR THE

B susmamess ""ALS

e (Cas: Programme Impulse, RejuveBIT,...
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Durabilité (2)

e Comment rendre les revétements bitumineux plus durables ?

 Concept : modeles mécaniques-empiriques améliorés
* |nnovation matérielle : nouveaux matériaux et leur impact
environnemental.
e Life Cycle (Cost) Analysis
e Remarque : durability versus carbon footprint versus

sustainability |
* Processus de construction
 Performance — qualité
e Energie

Increase quality

Increase service life

58888 3888¢5 Y

Increase recycling

3x surface
1x base

Decrease transport

e change Ecosystems

Natural land transformation
Terrestrial acidification
1

m

letal depletion
Photochemical oxidant formation 4
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Durabilité (3) 2m

/ . el TOGETHER FOR THE
Un effort supplémentaire ? SUSTAINABLE

DEVELOPMENT

= Inverser |'approche :

e Ou voulons-nous aller ? Ou devons-
nous aller ? Pourquoi ?

 Et comment allons-nous y parvenir ?

—
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Durabilité (4) . -
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Ou est l'aiguillon ?

- Pouvons-nous calculer quel est le
meilleur parametre, avec le plus
d’impact ?

. Outils

Inventaire des variations

- Analyse d’'impact

Durée — compréhension approfondie ?

Données ?

« Ousont-elles ?

« Que voulons-nous en théorie ?

University of Antwerp
l} | EMIB | Energy and Materials
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e Lutilisation des données
numeériques permet toujours
plus de prendre des décisions
« intelligentes/smart ».

* Machine learning
 Neural networks

e Possibilités :

e Détecter les tendances dans la
masse des données

* Simulations et prévisions



Regardons vers I'avenir : UAntwerpen

Recherche innovante sur les matériaux et les technologies
Data-driven analytic modelling from nano to meta scale (SSMARAGD)
Performance model asphalt
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SSMARAGD

- Data-driven analytic modelling from nano to meta scale (SSMARAGD)
- LCCA, LCA —social, econ, env impact (e.g. VOC)

Micro level S Macro level

@

k. - LCC/LCA
- Mechanical properties - Transport
- LCA performance Boundaries

|

NP\

\L '
ﬁ:- ocessing... ‘ ":‘\\'

) -.\ L':-
ROAD_IT Development of a Smart
&= Selection Model for innovative

Application of Reclaimed

Asphalt Granulate in road

_— Design SSMARAGD
University of Antwerp
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Material B

* Binder level
o Binder properties (pen, ring
& ball, Fraas)
o Chemical composition
+ Mastic level
* Fine aggregate matrix level
+ Mixture level
o Effective binder content
o Air void
o Aggregate grading

¥

Material properties
Dynamic modulus (AC)
Poisson ratio (AC)
Hydraulic conductivity (granular
and subgrade)
Resilient modulus (granular and
subgrade)

Environmental impacts
GHG
VOCs
Leaching

Climate B

* Temperature

* Humidity

* Wind speed

* Rainfall

* Solar radiation

* Ground water level

Pavement properties
Surface temperature
AC layer temperature
Granular and subgrade layers
moisture

Traffic
* Traffic count and distribution
(by vehicle class)
+ Speed (by vehicle class)
+ Traffic load (by vehicle class)
* Tire pressure

¥

Axial load
Axial load
Traffic load frequency
Load area

Multi-layer visco-elastic—plastic
deformation

Rutting

Fatigue cracking

Thermal cracking

International roughness index

Objectives and Research Needs

- Objectives: (1) evaluate data sources and accessibility and (2) discuss legal aspects for further
research and valorization

- Research at UAntwerp: (1) model the behavior of the road infrastructure (visco-elastic plastic
deformation model); (2) correlate actual performance/service life with predicted performance/

service life; (3) evaluate impacts of climate change on road structures; (4) assess sustainability and

circularity (Green Public Procurement)

Data source

Lab

Construction

- In service

GIS & Machine Learning

A

Location
Litetima

M Etﬂria| Material
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Material B

* Binder level
o Binder properties (pen, ring
& ball, Fraas)
o Chemical composition
+ Mastic level
* Fine aggregate matrix level
+ Mixture level
o Effective binder content
o Air void
o Aggregate grading

¥

Material properties
Dynamic modulus (AC)
Poisson ratio (AC)
Hydraulic conductivity (granular
and subgrade)
Resilient modulus (granular and
subgrade)

Environmental impacts
GHG
VOCs
Leaching

Climate B

Temperature
Humidity

Wind speed
Rainfall

Solar radiation
Ground water level

Pavement properties
Surface temperature
AC layer temperature
Granular and subgrade layers
moisture

Traffic
* Traffic count and distribution
(by vehicle class)
+ Speed (by vehicle class)
+ Traffic load (by vehicle class)
* Tire pressure

¥

Axial load
Axial load
Traffic load frequency
Load area

v

Multi-layer visco-elastic—plastic
deformation

Rutting

Fatigue cracking

Thermal cracking

International roughness index

Objectives and Research Needs
- Objectives: (1) evaluate data sources and accessibility and (2) discuss legal aspects for further

research and valorization
- Research at UAntwerp: (1) model the behavior of the road infrastructure (visco-elastic plastic

deformation model); (2) correlate actual performance/service life with predicted performance/
service life; (3) evaluate impacts of climate change on road structures; (4) assess sustainability ar

circularity (Green Public Procurement)

Data source

Lab

Construction

- In service

Development of a
Smart Asphalt
Pavement
performance
response model
Climate change,
traffic,
ageing, healing,
fatigue,...
Historical and actuc
data



Premieres étapes

CyPaTs: Demonstrating novel technologies CyPaTs

DEMONSTRATING NEW ASPHALT TECKNOLOGIES

100 m Test track at UAntwerpen — Sept 2017
* PQl density device

* Alu plates for thickness

* Construction of a solar heat exchanging asphalt layer (tubes in *1
asphalt layer) \ e

* Fibre-reinforced asphalt surface layer ”

* ROAD-IT: track and trace, Infraredlinescanner, reporting \

* Fibre Bragg Grating Sensors
*  Warm mix asphalt

https://www.uantwerp;en.be/en/research-groups/emib/projects-publications/road-engineering/cypats/

https://youtu.be/2DKTinDCea4
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et ROADIT
T I et
'-'n&l.:l‘-n“e“mm twre & Buildings.

Improving management process for road construction by ‘umec  IDLab
implementation of IT tools (2015-2017-...)

ROAD_IT

to develop and demonstrate an integrated
Ouonsig and coherent IT process control system (not)
e for the entire Flemish asphalt sector whereby
all existing sensors and actuators with their
own operational data processing system,
communicate with one another, in a workable
way and storing data for real time and later
\,& purpose.

ufiwiay ap0y
eq pasy

ufiwiay adue|
weq pasy

Quality and transport improvement by
ot Track and Trace
Infrared linescanner
Digital report
Data Storage

mm-um N
i
A po«m metingen ‘

\ ] - n ll
= Titﬂq“ e

" Test tracks Workshops - _
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IDLab  “umec

embracing a better Bfe
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https://youtu.be/2DKTinDCea4
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4 Case studies
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Middleware
Backbone

E ROAD_IT

EMIB
E M1 - [ A——
| University of An(nt p

“tmec IDLab

Project & mixture specifications smbreing  betier e
Conruction ane ID
Lirpar type Teghager
Nixturs type SMAL
Accupted tery. reng 120130
Transport specifications
Truck 10 Mature Mass  Terwp Tore Cowplrg Detowning Accepred?
[Toss| et e Tine ar Trm an

X ML ME NMA %8 1ML 30409 SLIBRE0 10k

LR 3 Dlgrtal reportlng

2 Infrared Imescanner
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ROAD_

IT: Case 1

it
(1) (8 EMIB

ilB :.-m,tm teias ...u. strecture & Bul
|

“umec

enbreung ¢ better M

IDLab

Optimizing logistic process of asphalt production and constructing process

iiA

Project & mixture specifications

pee——
[P Tepwn
Wt e an a1

Aucaptns eenp. rurge

Transport specifications

Totals today

P

University of Antwerp
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‘umec

Optimizing logistic process asphalt production and constructing process

RoadIT: Storyboard of Finisher

BEE®

IDLak

—r
\)
&%

Result: location and time relation between lorry and finisher
Calculate efficiency, truck management, temperature
Mixture verification: go/no-go on site

Speed of finisher can be adopted to truck arrivals

r=ry] Sm CAID

Technical and transport data are gps-related and stored in a
database of the road manager.

Each paved quantity from one truck is located and described
(material passport and laying parameters)

14



ROAD_IT
ROAD_IT: Case 2 % G

‘umec IDLab

embrauing # better Me

Using infrared camera for continuous temperature measurements

GPS-Antonne

\Q 2 Weather station
i

= ~“i\

Boardcompater

ROAD_IT

ROAD_IT: Case 2 (2) %EM"’*
$2 et

* Infrared camera is linked to GPS-system
* Measurements width of road Continuous monitoring homogeneity after the finisher mmec  IDLab

* One or more measurements per 25cmx25cm '!l e W |
e Accuracy 1-2°C = '
e Heat maps

During asphalt laying and compaction process:
* direct impact on durability of the compacted asphalt: intervention for rollers is possible

After asphalt construction:

University of Antwerp * data-analyse: evaluation, tender specifications, area with good/bad compaction

I EMIB | Energy and Materials
in Infrastructure and Buildings
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E— ROAD_IT
ROAD _IT: Case 3 'gl .

Data reporting of a construction site ‘umec  IDLab

Project & mixture specifications

Construction site ID

Layer type Toplayer Totals today

Mixture type SMA-C

Accepted temp. rang 120-180°C # Trucks Mixture Total mass Avg. mass/truck
3 SMA-C 792 26.4

Transport specifications

Truck 1D Mixture Mass  Temp. Time Coupling Becoupling Accepted?

(Tons Flant site Time. cPs Time GPS ROAD lT
1KTL-620 SMALC 264  MA. ch3i 10h04  10h09 51180060  10h22 51189010  Accepted —

dfdadgs AA4T7L ‘ EMIB
I . ( U- i
1-GPIS52 SMA-C 255 MNA ShsD 1011  10h25 51189857  10h32 51183857  Accepted R OA D I a S e 4 B E:f,ﬁ:g:um:mpi&-nmunkwldm‘
.

3.8443528 3.845037 == x
Cpzoekingscentrum voor de Wegenbcl
1-KPO-110 SMA-C 273 N.A. 10h LD 10h35 10h38 51.189841 L0hS0 51.189782 Accepred )

3.845105 3,845357

Data storage for a road or network tmec  IDLab

For a whole or a part of a construction site:
Quantities, period, number of trucks, ID of trucks, mixture verification
Contractor, suppliers and road manager

* Database to store all data of the job site

* Demonstrated by CyPaTs

&z
o
=
if
E]
27
®
52
if
wegbeheerders 3
Coud-opslag
D""‘ﬂ“""" Database / portsal
onvcmndnl
A posteriori metingen ‘
inspecties Informatiestroom  datastroom
——
€mmm———— >
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D é f i
Impact-likelihood matrix of new technologies

Asphalt process : production — transport — service — renovation — recycling o @ !
Prefal
ROAD_IT: combining all tools and steps into one system chain with short term and long term s, Visess monorng (oT) @ @ bu..d.n?mpmems
k aser scanning : — _
archive output £ ot Mgl Advanced profeck g Rek e mable
___________________________________________________________________________________________________ % @ Newacive materials @® Advanced building materials
H . . Big data ar;alytics @ 3D printing of components
M a te rl a | S 3 ASS l St I ng e @ Self-healing materials
E ne rgy E pe rson nel ey L @ Contour crafting of buildings
1] Not
L= likely
Safety £ ]
Efficien cy g lm prove ¢ Impact o
2 Process Source : Shaping the Future of
Homogeneity Quality during Construction
Temperature E construction
: o :
Production £ 2 service
Transport 2 recycling
Processin 3 Safety at work
g Quality Controll Envi tal i t
intern nvironmental Impac
extern LCA / CO2 Calculation

Le défi des données : enregistrement, stockage,
utilisation, modélisation
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Exemple : Autoroute d’Anvers

scm dem SMA
e AC-20 versus EME AC-14 o -
* Lab tests o [N nn [
+ FWD e o
* FBG : monitoring de la déformation des couches d’enrobé
bitumineux

 ROAD IT for QA/QC
* Track and Trace |
e Mesure de |'épaisseur des p|a(°¥
 |R-linescanner i
* Smart compaction F/J

ig
§

PQI
Em u University of Antwerp )

3 |
. LA
| i[TE
. TG
i i

ERTYITIREIEET SIRTIARINNNIN FRRERIRORLT | 3
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Premieres étapes

[E M| EMIB - [E M| EMIB
. . 1B ™ Bttt . U e T
Port of Antwerp: infrared line scanner Port of Antwerp: Compaction Degree  "a\"pr oy
twerg
e A VB 1 LS e Bomag Compaction Management " \0"0

WITOS" PAVING ANALY

VOGELE
Plug in systeem

32B-0B-201% 12:42 UTC + 0Z2:0C

1001 Y,

Details

= Maam [Ondariaag & Roundpurt
B oo [TOEe
start |24-06-2019 09:37
eind [24-06-2005 11:51
Analyseopmerking

e
°
-. £

r =
Be0e 2|8 o[ Hol oo I R Analvses of aualitv: impact of compaction degree on durabilitv

Analyses of quality: impact of temperature on durability

—
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Fibre Bragg Grating

Technology:

* Glass fibre light polarization

=

* Embedded in asphalt (geogrid)

* Measuring strains (um)
FBGS

Objectives of FBG:
* Analysis of strains
* Monitoring the deformation of the structure (and each asphalt layer)

* |Implementation of ageing in asphalt response model

—
ﬁ% o g0 | o0 gy s N
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Liviiw

Fibre Bragg Grating
Fibre Bragg Grating . I;::’t"“;f"

Antwerp

T b combsins LA\ horeort

University of Antwerp

1. FBG monitoring system prototype at CyPaTs

[Phd P. Kara De Maeijer (ongoing)]

800 mm
Temperature sensors —S1 & S2 Prefabricated asphait in length |E0E

Surface asphalt Iayer - AC-10 500x50x1§ mm

& Fiber with

2nd Base asphalt layer - AC-10 \\
1st Base asphalt layer - AC-14 . = 15 Fiber with FBG
Unbound base material | FrefEcricated asphalt in wicth (o) or¢ i transuerse \ _
boundbase (ratel 50015015 mim el dioxtia
X : =
7 \ GaITT
30 mm T A 5 e llu,_
40 m 77 7 2 \ L2
/, / Ak
B0 g ’r'
50 mm ’54/,// % AL [ - L2y, N, ui_..-m___ —
'1“4‘500 mm 500 mim
& A 2 1
i ' 4 \ <
200 mm A 4| A
4 & ' ) \
4| < I
T

, Monitoring des charges/déformations actuellement et durant leur

1 > durée de vie attendue
- Maintenance

21

B voulube™ CyPaTs: Demonstrating New Asphalt Technologies
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Fibre Bragg Grating

Figure 28: Reference fruck used for prelintinary measurements in Antwerpsebaan

5G-01-1-1

Strain (10-6)

Strain (10-6)

SG-01-1-18

50

30

20

Time (s) Time (s)
Em University of Antwerp = E B .
< Figure 29: Strain response measured when driving the reference truck at 30 km/h and a sampling frequency of 30
U I EMIB | Energy and Materials - ” i Rirmat
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Port d’Anvers

Section 2 (75 m)

»

Section 1 (75 m) i Section 0 (75 m)

08 A 13
04 @

Crushed stone LU (lean asphalt)

07 @

GU (geogrid) LL (lean asphalt)
06 @

O Layout A @ Max tensile strain (bending)
O LayoutB [ Individual layer response
JAN Layout C I Alternative tensile strain location
£ Temperature Bl Geogrid
Bl Permanent deformation across lane

N
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Retour a notre réeve

Impact-likelihood matrix of new technologies

Extremely
likely

- Likelihood

nced building materials

Asphalt process : production — transport — service — renovation — recycling

ROAD_IT: combining all tools and steps into one system chain with short term and long term

archive output

ntegrated BIM @

Prefabricated s

P _ ° building components : . = r
T ) £ 1 W, LE

rscanfl % B Rom il | _ ol @ | o
‘ b project- @ Real-time mobile 3

meq h @ Jhing tools collaboration E

r—

SIS

Big data ar; Laser Scanning Confocal Microscopy

ts I Fourier Transform Infrared Spectroscopy |

& Digital Image Correlation

Ucrafting

ol
f_\—j : LLA.

\
= Ji .“\w}v

I

No

Some

Historical and actual data

imgacl impact : — :

Development of a Smart Asphalt Pavement : " :
performance response model | 2 . - :
Climate change, traffic, I Q w i;’ :

ageing, healing, fatigue,... ] o B o 1

I X I

I |

| I

I |

University of Antwerp
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Extremely
high impact
@

Development of a Smart
Selection Model for
innovative Application of
Reclaimed Asphalt
Granulate in road Design
SSMARAGD
Historical and actual
data

Materials g | Assisting
Energy & personnel
Safety 3
Efficiency v £ | Improve
=] .- 5]
3 meD | |5 Process
Homogeneity I R Quality during
Temperature 4 '~. \P g congtruct|on
Production _u_..‘mﬁ e g. Serwc?
Transport & e S ]iecycllng )
: ty at wor
Processing , - ale
Quality cﬁ?frﬂ" Environmental impact
extern LCA / CO2 Calculation
Micro level S Macro level
3 LCC/LCA
- Mechanical properties - Transport
- LCA performance ﬁ Boundaries
|
Mo
\ 4
e ‘ au
7 ROAD_IT
4= —



Task Force Data-driven Research (2022)

Fast interaction, maintenance,

|
- UAntwerpen, AWV, CRR, COPRO | material flow, ...
- Inventaire des données ! n

- Stratégie d’utilisation des données A N .
| LCCA. /|| Mechanical |
| LCl 11 mOdels, [

. j Continuous | , PMS |
* Mechanical asphalt response model | updated | | ,
| 11 [

* GPP (également fondations) ~  TTTmoo soooooo
e PMS : état actuel et impact du changement climatique

- - e o o e o e o O e e O e e . .

—
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Conclusions
= Durabilité vs Sustainability

= Qualité : Longévité et Formation
= Optimisation du transport, de la consommation d’énergie et du flux de matériaux
* Recyclage in situ, proximité

= Nouvelle étape « outil » : LCA-LCCA

= Nouvelle étape : utilisation des données = accroitre la numérigation
SSMARAGD

Meets

—

= Aujourd’hui et demain :
 ROAD_IT - FBG - Asphalt Response Model

* Création d’une base de données = informations sur les enrobés utilisés sur les trpncons de
route

ollaboration entre tous les acteurs

University of Antwerp
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Conclusions

= Collaboration entre tous les acteurs

Asphalt process : production — transport — service — renovation — recycling

ROAD_IT: combining all tools and steps into one system chain with short term and long term
archive output

We Want You!

Materials g || Assisting
Energy a personnel
Safety E
Efficiency % Improve
& Process
Homogeneity Quality durir.'.g
Temperature § cons.truct|on
Production %% service
roces 7 ooty atork
Processing Quality Controll y

intern
extern

Environmental impact
LCA / CO2 Calculation

L]
|
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