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10 Themes, 80 technical paper presentations, {15+

16 podium sessions + 10 practical workshops § &

Pavements
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o Lower Carbon

= Testing & Instrumentation
= Design

= Performance modeling
= Surface characteristics
= Sustainability & climate change

V FYTURE
C
%a

Launch of Cement CCUS industry tracker with LeadIT

=  Construction

J " Recycled Materials
=  Materials
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10 practical workshops by Sponsors (no paper)

International
GConference on
Concrete
Pavements

=  Rapid Strength Concrete for Highways and Airport Pavements (CTS) "“3%’3320245
= Advancements in Optimized Concrete Pavement Design (OptiPave — FORTA)

=  Sustainability and Performance can Coexist: Low Embodied Carbon Concrete
Pavements Leading the Way (FHWA)

= Impact of NRRA on Advancing Concrete Pavement Technology (NRRA)

= Roller-Compacted Concrete Pavements (RCC Pavement Council)

=  Airport Pavement — ACPTP (Airport Concrete Pavement Technology) Research Program
= Fiber-Reinforced Concrete Materials for Pavements (FRCA)

= Concrete Pavement Preservation — Sustainable Solutions for Tomorrow, Today (IGGA -
ACPA)

= Pavement Foundations: Review of Foundation Requirements and Measurements (FHWA
— CP Tech Center)

=  Mine and Ready-Mix Plant Tour (NSSGA)

Ac PA P
. u Heidelberg %ﬂ}}
.'.'.'::.'::'.::.'.': AET Materials VeRour " :


https://13thiccp.concretepavements.org/
https://13thiccp.concretepavements.org/

Vier Belgische bijdragen (van/met OCW)

International
GConference on
Concrete
Pavements

AUGUST

= New Belgian Guidelines for Pattern Imprinted Concrete Pavements 25-292024\
(L. Rens)

= Pervious (Lean) Concrete for Sustainable Road Pavements: Results of
the Belgian Be-Drain Project
(A. Van der Wielen)

= Evaluation of the Suitability for Use of Ternary Cements with Carbonate
Fillers Or Calcined Clays: Concrete Composmons Subjected to De-
lcing Salts “Cament types nEurope |
(E. Boonen) T

\\\\\\\\\\\

v years ria
. Caleined clay (1) = Fimected within the standard NBN B 15-001:2025

=  Optimizing Vibration Parameters of Thick Single-Layer Concrete
Pavements: Results of the Belgian Monocrete Project (poster — A. Van
der Wielen)
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Total 002 Emission (x106 kg)

1) Lower carbon (beperkte bijdragen!?

Thirteenth
International
GConference on
Concrete
Pavements

: : : A”‘zis‘,’.§32024j
= CO,reduction — alfernative binders — new cements —
recycling...
. e Lopez et al., Barriers Limiting King et al., LCA-analyse voor
Je— (a) Life-cycle Total Emission Innovation in Concrete Carbon ?:oncrefe overloyz (US)
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Figure 2: LCA Results for All Case Studies

Free online tool for pavement LCA analysis

ACPA
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Decarbonization (2)

International
Gonference on
Concrete
Pavements

N\

= CO,reduction - alternative binders — new cements — =

recycling... e .
Y S Slansky et al. (CZ), “Performance-based zevbekhai & Aili, “Evaluation of the

testing of new cements for concrete Beneficial Use of Recycled Concrete.
pavements” (poster) Aggregates in the MNROAD Test Cells

‘‘‘‘‘‘ —
Cement types in Europe [ Ncwccmcnw;ms
v

_(EN197-1)

cEm il cEm /A cem /e [Ccemujc | cemiye ﬁ
(

cemjcanad)

Clinker () 2 The material

§\g(|-)l pe——
W trestone 1)

iy ash (V) B No longer avalablein Europe n s aw years @ Heidelberg Materials
Il Calcined ciay (@) 3 Expacted within the standard NBW B15.001:2025
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S m ets et q I N eoc e m ( Belgiu m) Resistance of cement concrete surface to water and defrosting chemicals (g/m?)
4
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W Resistance to water and defrosting chemicals 0-25 cycles [@/m2] W Resistance to water and defrosting chemicals 0-S0 eycles [g/m2]

® Resistance to water and defrosting chemicals 0-75 cycles [g/m2) m Resistance to water and defrosting chemicals 0-100 cycles [g/m3]

13th International Conference on Concrete Pavements | Minneapolis, Minnesota,
August 25-29, 2024

ACPA
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m Resistance to water and defrosting chemicals 0-125 cycles [g/m2] m Resistance to water and defrosting chemicals 0-150 cycles [g/m2]
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NB: National Road Research Alliance (NRRA) _
Workshop

Pavements

AUGUST

= MnROAD facility testing: eates

Highlights from Low Cementitious Content Concrete Pavement
Research Projects - Bernard Izevbekhai (MnDQOT)

Findings from 2022 MnROAD Alternative Cement Cells - Prashant Ram
(Applied Pavement Technology - APTech)

Panel Discussion of Industry Implementation Plans for Low Carbon
Concrete - Moderator Glenn Engstrom:

Focus on EPD’s, performance-based requirements, incentives for contractors...

MInROAD Data Sharing
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‘ z Belgian Road Research Centre
Together for sustainable roads

= Evaluation of the suitability for use of ternary
| cements with carbonate fillers or calcined

clays: concrete compositions subjected to
de-icing salts

Elia Boonen
Sylvie Smets*
Belgian Road Research Centre (BRRC)

13th International Conference on Concrete Pavements Thirteenth

International
Conference on

28/08/2024 (Session 15) Concrete

Pavements

Avgs2s 2024)




NBN EN 197-5

Cement types in Europe ( New cement types
(EN 197-1)

CEM I CEM Il CEM II/A CEM II/B CEM II/C

CEM II/C CEM YV CEM VI
IMMI 1%

CEM II/A-LL CEM II/B M(S-V-L CEM 11/C-M(S-L) CEM I1/C-M(Q-L) CEM V/A(S-Q) CEM VI (S-L)
CEM 11/B-M (Q L)

Klinker (K) =» The material to reduce

Hoogovenslak (S) = Minder en minder beschikbaar, verdwijnt mettertijd

kalksteen (L-LL)

Vliegas (V) =» Niet langer beschikbaar in Europa binnen enkele jaren

Gecalcineerde klei (Q) = Verwacht binnen norm NBN B 15-001:2025

. . Febelcem contactdag —21/11/2024, Leuven 10
@ Heidelberg Materials .



= - | NN | M - T | g

No.|cement “type” Name Su OO0 201 2IRE
SH XXX XXX 3
1 |CEM II/B-M (Q1-L) C1(65)Q1(25)L(10) || 65 | 25 10 (1)
2 |ICEM II/B-M (O3-L C1(65)03(25)L(10) | 65 25 10 (1)
3 |CEM II/C-M (S-LL) C1(50)S(30)LL(10) | 50 30 20 | (1)
4 |CEM II/C-M (S-L) C1(50)S(30)L(20) 50 30 | 20 (1)
5 |CEM II/C-M (S-L") C1(50)S(30)L"(20) | 50 30 20 (1)
6 |CEM II/C-M (S-Ld C1(50)S(30)Ld(20 50 30 20 (1)
7 |CEM VIA (S-Q1) C1(45)Q1(25)S(30) | 45 | 25 30 (1)
‘ 8 |CEM V/A (S-Q2) C1(45)Q2(25)S(30) \ 45 25 30 (1)
" 9 |CEM II/C-M (Q1-L) C1(50)Q1(40)L(10) = 50 | 40 10 (1)
10 |CEM II/C-M (Q3-L) C1(50)Q3(40)L(10) | 50 40 10 (1)
11 |CEM VI (S-LL) C1(35)S(45)LL(20) | 35 45 20 | (1)
12 |CEM VI (S-L) C1(35)S(45)L(20) 35 45 | 20 (1)
13 |CEM VI (S-L") C1(35)S(45)L"(20) | 35 45 20 (1)
14 |CEM VI (S-Ld C1(35)S(45)Ld(20) | 35 45 20 (1)

CEMI52.5N

C1(100)

(1)

CEM II/A

C1(45)S(55

(1)




Betonsamenstelling voor EE4 |\ 5N B 15:001: wie <

T— 0.45, met of zonder LBV
Bestanddeel GEEN LBV Met LBV _
B - suno (150530 mm
e e 540 540  Luchtgehalte: (6 + 2)%
Kalksteen 4/6,3 169 159
Kalksteen 6,3/14 416 391
Kalksteen 14/20 446 419
Zand 0/2 195 184
Rond zand 0/4 654 617
Water 153 153
Absorptiewater 9 8
?IP 0‘2:: ;’f'slcs‘zg’::i s0) 201040 161030
LBV Sika LPSA-94 - 0.07 to 0.26

Belgian Road Research Centre Febelcem contactdag —21/11/2024, Leuven | 12
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Belgian Road Research Centre
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Conclusies Neocem (2020-2022)

= Gebruik van nieuwe cementsoorten met alternatieve toevoegsels
(SCMs) In Belgisch wegenbeton lijkt potentieel haalbaar;

= CEM V/A met slakken en gecalcineerde klel is veelbelovend om In
wegenbeton toe te passen, maar verdere validatie is nodig;

= Andere cementen met kalksteenfillers (CEM V1) zouden getest moeten
worden met verschillende cementsamenstellingen (variatie in gehalte
klinker en SCM);

= Proeven met “echte” wegenbetonsamenstellingen zijn nodig in
toekomst om toepasbaarheid in de wegenbouw te valideren!

Belgian Road Research Centre Febelcem contactdag —21/11/2024, Leuven | 14
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Buildwise

Neocem Il (2022-2024)

CRIC OCCN

= “Gebruiksgeschiktheid van cementen met gerecycleerde ﬂ
betonfijnen” [EN 197/-6]

CEM I CEM Il CEM YV CEM VI ng:‘m-x
CEM II/A-L CE“;_::‘_’ :’ M CEM "" M CEM NIIJA CEM 11I/B CEM II/C CEM V/A (S-V)  CEM VI (5-1) ~ Gemalen

81%
80 %
31%
18 %

. Klinker (K) Hoogovenslak (S) - Kalksteen (L of LL) - Viiegas (V) . Gecalcineerde klei (Q) - Fijne fractie betonpuin (F)

Belgian Road Research Centre Febelcem contactdag - 21/11/2024, Leuven | 15



2) Testing & instrumentation fie,

GConference on
Concrete
Pavements

= Gebruik van allerhande sensoren in/voor betonwegen: w20

Alarab et al., “Embedded Resistivity
Sensor for Concrete Materials and
Structures: Vision and Prototype” (US)

| Sensor Components

= Matrix
= Shape: cuboidal or ellipsoidal
® Materials: cementitious or metakaolin
= Packaging Plug
= 3D-printed Polypropylene
= Placement Frame
= Water-jet cutting Polypropylene
= Frame Stands
= 3D-printed Polypropylene
= Simulating Surface Resistivity

i Designed for standard cylindrical
‘l concrete molds: 4” x 8” (D x H)

/ Pore Solution Resistivity (PSR) senso

__—» Placement frame

122|
“ 13

Temperature ("C)

Frame stands measure mix resistivity

Year

Wallace & Burnham,
gggg:gggsgfngsﬁmgsmﬁn Podolsky et al., T-sensoren in
d MnRoad testsecties: “signature

M n ti I n ti n e ‘ | 8/26/2024 = 2]
dgnefie ”duc ° Ee== response of pavement2” (US)
Sensors’ (US)

Temperature (*C)

1996 1998 2000 2002 2004 2006
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Testing & instrumentation (2) R,

GConference on
Concrete

= Gebruik van NDT-technieken voor betonwegen:

“South Dakota DOT'’s use of Ground
Penetrating Radar for Tie and Dowel
bar inspection.”

Darin Hodges and Micah Howard
(poster)

South Dakota Department of Transportation
Tie Bar and Dowsl Bar Inspections using Ground Penetrating Radar

Darin Hodges and Micah Howard

Load Transfer Efficiency (LTE)
1st Test vs. 2nd Test

=AM=3 LoNGLULINAL JOINT WITH TIEB3AS
o ey

ol el b b i il -
PR s ek TSk 21 D 21 Nt L o mspetir i s clags o T

¥ . 4
® L i a3 s epec
= e i e | B eosisrs sl s by e it s
E 3 AT e Pt s oy on 10 laosonnl st e
: - - > - bt s 431 s 000 EYEC.
60
50
IstTest 2nd Test 1stTest 2nd Test
Approach Departure
o (0 200 e G4 250 G@300 S@ 300

Site visit MNRoad test facility,
with demo of MIT-scan

Parvini M., “In-situ Performance : e g Lol | E==
Evaluation of Glass Fiber Reinforced R

Polymer (GFRP) Dowel Bars” (US) = | M

Ie'iN
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Testing & instrumentation (3)

International
GConference on
Concrete
Pavements

= Gebruik van “surface resistivity” test (AASHTO T358) in US CJ'T‘“'%Z"Z“j
alternatieve proefmethode in BE?¢ - -

Cooper & Spragg, Resistivity’s
Sensitivity to Concrete Mixture Design
Parameters (US) + bezoek aan MCL

200% 200%
180% T 180%
T © FAC
160% T 160%
i y=-005x+1.0
o 140% | A& 4 R?=0.91 A PLC o 140%
D o [T I 2
= 120% Tl e T ---- Linear < 120%
100% 6 I ‘H\"‘?‘-T"% | | | | | I | (FAC) E 100%
| B R o 1= ,_I_ S B B —.— Linear g:_
80% 1 8 < a (PLC) > go%
: 1 4 oA o Line@r -.?
60% T O\“t}.\ (12%) ~ 60%
40% 1 40%
20% - 20%
0% 0%
-8-76-5-4-3-2-101 2345678 -12-10 -8 6 4 -2 0 2 4 6 8 10 12

Specification Tolerance Multiplier \Water Difference from Base Mixture Design (%)

All fiqures source: FHWA
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3) Design R

International
GConference on
Concrete
Pavements

= OptiPave, Short-Slab Concrete Pavements — Juan Pablo s

Covarrubias (TCPavements)

= Kortere platen om spanningen & Table 3 Technical information Route G-84 Quilamuta La Manga Conservation
“opwelving” te verminderen e 0o o CHe
p g Length 200 m . 10 cm with Structural Fiber—1,5m x 1,75m
Design Traffic 384.000 Esal s
- KU nSTSTOfvezels (geen deuvels) Compressive Concrete 30 MPa with fiber SE SERE | [ ]
N PlOTen VOn ] ,8 m * ] ,8 m Year of Construction 2013 Subgrade CBR 102+ 15 cm EXlStlI'lg
. Average Precipitation 500 mm/year o
" Dikte 10-14 cm Cost Section USD $150.000 Granular Layer CBR 60%
Cost per km. USD $230.000

= Industriéle vloeren
= Specifieke software (OptiPave?)

FORTAH
© _©0

OptiPave

13th International Conference on Concrete Pavements | Minneapolis, Minnesota, USA |
August 25-29, 2024
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Workshop 2: Advancements in Optimized

Thirteenth

Concrete Pavement Design .
PavementDesigner Pavement ME PitfRigid ME #5202
= Free .online tool (met Meest uitgebreide =  Free online tool (Geen
metrisch systeem) dimensioneringssoftware in metrisch system)
. : de V3 L
For straten, parkings, . =  Geoptimaliseerd voor
overlagingen,... Vrij duur staat Pennsylvania
= Vermoeiing en “faulting” Conftinue verbeteringen = Goede benadering van
o Ploo’rofme’nngen als ou’rpu’r = “Slab-base bond degradation” Pavement ME
o - . “BU”T-iﬂ Curling” PittRigid ME Version 1.1

e |

P

T 0
=

......

cccccccc

|
; \
H
ni
|
i
i
i {
;
\
\
T

< Change Design Type: Privacy Poiicy Terms of Senvice m

Geopfimaliseerde
oplossingen (kleinere diktes) —
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https://software.pavements.pitt.edu/PittRigid
https://software.pavements.pitt.edu/PittRigid
https://www.pavementdesigner.org/

NB: Qualidim - software-update voor flexibele en
halfstijve wegconstructies

QualiDim

ualiDim
= Nieuwe versie binnenkort uitgebracht:
hitp://gc.spw.wallonie.be/fr/qualiroutes/qualidim.hitml

= Opleidingen op 12/12 en 19/12/2024 (Sterrebeek)

hitps://brrc.be/nl/opleiding/opleiding-overzicht/qualidim-software-
update-flexibele-halfstijve-bestratingen

Belgian Road Research Centre Febelcem contactdag - 21/11/2024, Leuven | 21
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4) Performance modeling

Thirteenth
International

Conference on
Concrete
Pavements
= Eindi | T Back-calculati Al dell “guztes
INalige-elementen — backK-caicularion — -Moaelien...
Ashtiani et al. (US), “A Deep-Learning Model Scavone et al., "Mechanistic back-
. N to Estimate Rigid Pavement Stresses for Top- calculation of the LTE of joinfed
- ] == [T] Down Cracking Airfield Pavement Design” pavements at the corridor level from
o r oot | oenm e arosoten . TSD deflection velocity measurements
. : : ki) Longitudinal . "
’ H Rid H i Collected case studies.” (US)
(102-mm[§::car|z]CT-OGDl.) ; ‘ (IOZ-Mm[:::;\IIAT-OGDL) pord ¥ 3
(lZ7-mm[:’-(i’r’!:2h]CT-OGDL) : . i [:::::1 — ;. Design Slab )
Control ‘ i l T ‘ Z I [« | ' T — ——
(102-mm [4-inch] Cement-treated (102-mm [4-inch] Cement-treated
Base) : I - JL“W : | Base)
Alam-Khan et al., “Long-Term

Performance of CRCP over

redicti 150 :YY:Z
OGDL in llinois” (US) = { ) NN
E gol—ewl i | /" | l
1 | | |
o ’fc»/;‘.h*.‘f-w/ s MJaﬁ;J}\ #_Jwr'_Jm
o I /i
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5) Surface characteristics

Thirteenth
International
GConference on
Concrete
Pavements

Oppervlaktexturen — (diamond) grinding — NGCS... =

T. Alte-Teigler, “High performance surface Hodgkinson & Dowsing, "Sustainable
textures for concrete pavements

designed according to requirements”
(Germany)

~ Brussel

Concrete Highway Pavement Thickness
Design: The Role of Diamond Grinding”
(Australia)

L 4 Handleiding voor

'6nt\é;em""e' n uitvoe ring van‘vefhardingen in
- gefigureerd beton

Thickness Design Strategy
( not to scale)

Rens & Booneh, Pa’r’rérn
Imprinted Concrete (Belgium)

: ' \ . S S s MERi e
SRR . tural thicknes
Structural thickness Structural thickness 10mm future
+ 10mm

) diamond grinding
construction tolerance

13th International Conference on Concrete Pavements | Minneapolis, Minnesota, USA |
August 25-29, 2024

Heidelber: 7\
Materialsg w@ 'é’;’ )
GROUP



https://13thiccp.concretepavements.org/
https://13thiccp.concretepavements.org/

New Belgian guidelines for
pattern imprinted concrete
pavements

ir. Luc Rens dr. ir. Elia Boonen
Consulting Engineer Researcher - Techological Advisor

FEBELCEM - Deputy Head of Division
+32 479 78 00 21 BRRC

+32 2 766 03 41

13ICCP - Minneapolis, MN, US - 25-29 August 2024
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Inleiding — gefigureerd beton

= Decoratieve betonverharding voor:
= Openbare ruimte en privé-toepassingen;
= Verkeerseilanden, rotondes;
= Wegen, busbanen, frambanen.

77\\\\'&\;\;«;?&‘%&\\\.:.; 3
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Context

= Specificaties bestaan reeds in Belgische typebestekken, MAAR:
= Niet altijd coherent

= DAAROM: Nieuwe WG bij OCW in 2022

= Richtlijnen verbeteren en actualiseren;

= Onderverdeling in verschillende categorieén/systemen in functie van manier
van uitvoering, kleuren en figureren;

= Voor elke categorie/systeem = geactuadliseerde technische specificaties voor:

= Materialen — Betonsamenstelling — Eisen op vers en verhord be’ron Uitvoeringstechnieken —
Oppervlakkenmerken - Controles 2

Belgian Road Research Centre



Classificatiesysteem voor gefigureerd beton

e R ~

S N — N ‘

» Gebaseerd op 3 parameters:
1) Manier van kleuren;
2) Manier van vitvoering en verwerking;
3) Manieren van figureren (“printen”).

= 6 systemen:

= 1A: kleurverharder + manuele aanleg + figureren met matten;
= 1B: kleurverharder + manuele aanleg + figureren met rol;

= 2A:in de massa gekleurd* beton + manuele aanleg + figureren met matten;
= 2B: in de massa gekleurd* beton + manuele aanleg + figureren met rol;

= 3A:In de massa gekleurd* beton + machinale aanleg + figureren met matten;
= 3 B: in de massa gekleurd* beton + machinale aanleg + figureren met rol.
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Voorbeeld - Landen (1/2)

* Landen, Stationsstraat

= 1996, platenbeton, systeem TA: kleurverharder +
manuele aanleg + mallen met waaierpatroon
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Voorbeeld - Landen (2/2)

tfraat

lONSS

Staft
platenbeton
s anno 2024

’

= Landen

kleurvernarder + mallen

’

l4

= 1996
= Foto’

= In goede staat nog, enkel afslijting op sterk belaste zones

Belgian Road Research Centre



Besluit gefigureerd beton

|
* Toegepast & bekend over de hele wereld;

= Richtlijnen in Belgié bestonden reeds voor publieke
ruimte, maar niet volledig aangepast aan de
p(q Ktijk.

e o 7

z> Nléuwe OCW- handleldlng “Ontwerp en uﬂvoerlng s

van verhardlngen in geflgureerd beton
A —

/ e 71
e 7 ”COMING SOON' , o
A / + Webmar i)p 30/ 1 /2025 L e

| - 4 =5 ._,f
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6) Sustainability & climate change

International
GConference on
Concrete
Pavements

= Climate resilience — doorlatende verhardingen, “Sotod
WOTerbeheer Akbelen et al. (Turkey) “An |

Overview of the Potential of
Concrete Pavements in Turkey
to Combat Climate Change” -

literature review

Titre for the roadtoretizn

! Loss of performance under
back to service

Performance high traffic load impacts with
post-cizaster relief use
— Concrete "'3394 i v
f* ;
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https://13thiccp.concretepavements.org/
https://13thiccp.concretepavements.org/

BN i

Gelntegreerde oplossingen voor waterbeheer

ario.

https://b-rainconnect.be/nl/cases/case-wiekevorsi-

apart-architecten
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https://www.vlario.be/infiltratie-onder-wegenis/
https://b-rainconnect.be/nl/cases/case-wiekevorst-apart-architecten
https://b-rainconnect.be/nl/cases/case-wiekevorst-apart-architecten

Technical visit: MnRoad Test Sections

International
Gonference on
Concrete
Pavements

= Verschillende proefvakken met alternatieve materialen, "t
experimentele technieken enz. + uitgebreide monitoring

13th International Conference on Concrete Pavements | Minneapolis, Minnesota, USA |
August 25-29, 2024

Heidelberg @
Materials



https://13thiccp.concretepavements.org/
https://13thiccp.concretepavements.org/

Conclusies & vooruitzichten

w Heel wat ontwikkelingen in de Betonwegenbouw, ook op
internationaal viak

) Belgie blijft bij de koplopers, maar cement- en
o betonindustrie in fase van transitie...

@ Kennisuitwisseling en (internationale) samenwerking blijven
() ° cruciaal op de (beton)weg naar innovatie & vooruitgang!
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