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CURRENT SITUATION

Well adapted for low trafic road

Low knowledge on in situ behavior

Low carbon footprint solution —

Important for our Roadmap

Need data to support
development




PROJECT

IDENTIFICATION OF CONSTRUCTION SITES

e Select different jobsites with increasing ages
e Agreement from clients for survey & take cores

PAVEMENT MONITORING

e Damage quantification

e Significant network

SAMPLING

« Cores : Void content / Binder aging

B PERSPECTIVES

« Argue on CO2 footrint based on durability !
e Communicate on new data




ACTION PLAN

Select
1 Production plant of Easycold
ECOUFLANT

Formula Jobsites

e As constant as e |ocalisation
possible e Trafic

e Composition e Date on paving

e Emulsion e Damage evaluation
(knowledge) e coring

e Quality control

e Insitu QC

e MTD, thickness,
void content

COLAS 5



SELECTION OF JOBSITES

RD 154 RD 751

RD 111 RD 84



SELECTION OF JOBSITES

RD 125 RD 54

RD 158 RD 762



SELECTEDJOBSITES
MAINE AND LOIRE (49)

RD 154

] RD154 PR 94530 4 10+270 (2010)
RD 751 PR 77+65 PR 79+28 (2011) (ESU 2024) ?
WITHOUT RAP
RD 111 PR 10+885 3 11+620 Epiré
Tzttt RD 84 PR 24+174 3 28+166 Tigné St georges
| |  RD125 PR 0+750 a 6+42 Martigné briand Thouarcé
RAP 3320
I RD 54 PR 0+34 & 5+22 Cléré sur layon
RAP:4020 RD 158 PR 9+359 3 11+00 ST andré de la Marche
e "l l RD762 PR 30+334 4 PR 32+915 Villedieu la Blouére
RD 111 ._._,, guadirme|ley
™ m %
RD 125 _ i
L] -|-2 AU B ] "
._ Bk Skl LG A AN O mld i il
RD 84 i Fontesraud Ahbaye
T3 :
Mamreuil:Beliay
e RD54
“ T3
Google

14
13
13
10
10



CORE SAMPLING —ON SITE MEASUREMENTS

Coring - FWD PMT : 25,26 & 30 April +13&14 May
Survey (Evalis 3D TN) : 13&14 May



COLAS

RD 54
(2019)

RD 84
(2014)

RD 111
(2011)

i

RD 125
(2014)

»

RD 154 RD 158 RD 751 RD 762
(2010) (2019) (2011) (2021)
= — —;

Photos
Easycold 4 cm, Easycold, 4 cm
E Id Sem, E Id, 3 . i Easycold, 3cm, Easycold, 4 cm,
S e ‘ 2014 Easyoold; 4 o 2014 2019 2011 i
cm, 2011 g Eﬂm;t;ldﬂ-' Bl
cm 1 1
SD, 1 cm, 2002 ' ECF*,1.5ecm,
' f | | 1 5D, 1cm, 2008
SD 1 cm, 2005 Snémcam. | SD, 1em, 1998 2011
SD.1em — ] SRS
| SD, 1 cm, 1992 # - 1
— 4 4 ' SD, 1 em, 1996
SD, 1.cm rEeT— 1999 SD, 1em, S D, 1.cm, 1988 SD, 1.cm, 1991
s i d SD, 1cm, 1982 | ] 1892 SD,1em, I —
tructure 1995 4 2000 SD. 1cm, 1986 4
Road Base 5D, 1¢cm, = 5D, 1cm, 1988
SD,1cm, GRH*, 45¢em, SD, 1¢cm, 1987
1987 asphatt, 5.5 om, 1989 1988 S Sand asphalt
: 1 1920 ' 1 i — 1.5cm, 1963 : Grgcec
SD,1ecm, = b . 9 agdregates, 20
Old pﬂ\‘ﬁmﬂnl. ‘ SD_ 1em, 1962 | ED. 1ecm, As dus !'ml' 19m e GRH i 1987 | At 1935_
10 cm, 1965 ! | 1983 30em, 1989 gravel, 9.6m, S e R |
4 SD.1em,1958 | L | | I 1963 - - SD, 1cm, 1987
1634 veh/d 2083 veh/d 3516 veh/d 6900 veh/d
3 3 d
Trafic 744 veh/d 1377 veh/d 2371 veh/d 2226 veh/ (4,3 % trucks) (8,4% ks) (8,29% trucks) (8,4 % trucks)

*Easycold ColdAC mix

* 50 : Surface dressing i
: Datafram De, tmanifor arment sir e and
*GRH: Graded aggregate SQUIEE e panmangyorpaveana e "

pasi maintenance'operations on Easycold,



COLAS

WORK DONE

JOBSITES SELECTION
Paving date

Pavement structure (Dpt)
Trafic (Dpt)
Maintenance (Dpt)

Production Quality control

Pavement structure (Cores)
Survey TN

MTD measurements(TO)
Cores (TO)

FWD (TO)

Juin
2010

Juin
(92/8)

2011

Juin
2011

Juin
2014

Juin
2014

Sept
2019

Avril
2019

Avril
2021



WORK DONE

Photo

Thickness Easycold
Banc gamma
Sawing

ITSM (modulus)

Sawing

Binder recovery
Rheological test (DSR)

RD RD RD RD RD RD RD
154 751 111 84 125 158 762
° ° ° ° ° ° °




RESULTS ON CORES

RD751

densité en t/m3

hauteur en mm

®AXE]l @ANE? @AXE3 @BDR4 @AXES @ BDR1 ®BDR? ®BDR3 eBDR4 @& BDRS

Homogenity of cores
Difference WheelPath /Axle



Voids (%)

RESULTS ON CORES

20
18
16
14
12
10

o K B O O

RD762 RDS54 RD158 RD 125 RDE84 RD111 RD 751 RD 154

e Axle == \Wheelpath ——Age

Possible effect of the trafic ?

h

o9

Ped

Age (Years)

Avoid content % (Wheelpath-Axle)

o RD762
RD 154
.
RD 751
RD 84
] .
« RD 158
RD 54
° : . RD 125
- RD111

200000 400000 600000 800000 1000000 1200000 1400000
Cumulated trafic Trucks (Data Maine et Loire Départment Dpt 2020)



RESULTS ON CORES

E (MPa)

Indirect tensile stiffness modulus @ (10°C, 124ms)

14000

12000

8000

6000

4000

2000

RD 762 RD 54 RD 158 RD 125 RD 84 RD 111 RD 751 RD 154

mmm Axe e BDR = Age

16

14

[o2]

[=a]

=

M

40% RAP No RAP
3% RAP

Age (years)



RESULTS ON CORES

Surface

0,5cm

~1,2 cm

; =T AC mix slices for recovery
AL (0-5;6) & (13-18)

r
¥ .

L AC mix lost with sawing

Bottom of the core

2 recovered binders / sections
(surface and «bottom »)



RESULTS ON RECOVERED BINDERS —DSR TESTS

Comparison Axle / Wheelpath

COMPARISON Wheelpath —AXLE

Comparison AXLE / WHEELPATH for Carbonyl Index ~ 50

14 Eé 0.0
=150

12 300
10 50
00

RD 762 _T1 RD 125 _T1 RO 125 T2 RD 154 T1 AD 154 T2

® Axle ® Wheelpath

0 (%)

o N Ok~ O

C=

Comparison Axle / Wheelpath

2,00

RD 762_T1 RD 125_T1 RD 125_T2 RD 154 T1 ‘E 150
mAxle ®Wheelpath = 100 II

— 0.50

0,00

Limited difference ROD762.T1 RD125T1 ARDI125 T2 RD154.T1 RDI1S4.T2
Wheelpath —AXLE e = Whaspat
(for surface & bottom)

Next step :only recovered

Difference in modulus Binder from WP
= Difference in voids content "




G* (Pa)

RESULTS ON RECOVERED BINDERS —DSR TESTS

G* Master curve - Recovered binders - wheslpath 51&52 [RD 762]
1E+08
i

1E+08 M A&

1E+07
1E+06
1E+05
1E+D4
1E+03
1E+Q2 s
1E+01

1E+DD

1E-01
1E-10 1E-08 1E-06 1E-04 1E-02 1E+D0 1E+02 1E+0a 1E+D6

Frequency {Hz)
AT2(1318mm)] & CAModel T1 [0-Bmm) + CAmodel

L

i o

fia

Li=pa

o= Paj

fi ]

Fios -

REE

1EE8

Black Disgram for slices 51 & 52 RO 763

TS

8.8E+01

1,6E+07 25 17E-01 8,8E+01

31606 [TESE T ase-0a 9.26:01

RD 84 bar 12 ; 9,7E406 256 | 73e02 706401

AD111bdrtl| 208 74E+06 338 | 73603 1,1E+02

RD 111 bdr t2 183 75E+06 215 23E-01 3,7E+01

RD 125 bar t1 14E+07 287 2,7E-02 1,36+02

RD 125 BDR 12 156407 233 13€-01 8,6E+01

6AE+06 [ 38 | 2903 1,26402

RD 154BDRt2| 185 5,7E+06 255 7.66-02 4,26+01

RD158bAril| 186 126407 248 5,7E-02 776401

RD 158 bdr 12 14E+07 356-01 6.1E+01

RD 751 bar 11 38E+06 ﬁ 286-03 7,4E+01

RD 751 bar 12 13£+07 195 3.2E-01 5,26+01
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COLAS

G* (0,005 rad/s, 15°C) , Pa

RESULTS ON RECOVERED BINDERS — DSR TESTS

COMPARISON WITH AVAILABLE DATA ON HOT AC (*)

G-R versus ATc

u AD 154
0 L *
1 -l- -
ER AL —
mrE W & WD s |
' a EWEM
- o - s . " L]
- o . s A
]
e k| A .
B0k " 2 [
o A |
-==" mOM3 [ | . ™
- . L "
- e
i o I L VES I . I (A S -] - A I T LR
™ 5
R 180k
W Meat binder TOP ® . -
& PmB TOP » -]
Meat binder BOTTOM
PmB BOTTOM
™ ol st = i Ensyeold Surlace
ﬂh ® Exsyeold (fond 13-1Emm)
11 ] Y
Phase angle |0,005rad/s, 15°C) ATe *C

(*) «Rheological and Chemical properties of field aged binders and their variation within
the wearing course », Soenen, Carbonneau, Lu, Robertus, Tapin, ROAD MATERIALS AND PAVEMENT DESIGN .
https://doi.org/10.1080/14680629.2021.1994450

G-R [kPa)



C=0 (%)

RESULTS ON RECOVERED BINDERS
CHEMICAL ANALYSIS

C=0indicesvariation with age of jobsites

14

12
10
8
6
4
2
0
RD762 RD54 RD158 RD125 RDS84 RD111 RD751 RD 154
S . SD e—lpe
B N
40% RAP 306 RAP No RAP

$=0(%)

S$=0 Index variation with age of Jobsites

18 16
16 14
14 12
Ae 10 7
10 b
8 =
a o
6 & ‘3‘;
4 4
o 2
o 0
RD762 RD54 RD158 RD125 RDS84 RD111 RD751 RD 154
S N S2  e—fge
B | |
4020 RAP 3% RAP No RAP

20



IN SITU MEASUREMENTS

CoLAs PROFONDEUR DE MACROTEXTURE

(Technigue volumétrique & la tache) COLAS PROFONDEUR DE MACROTEXTURE
COLAS FRANCL - TERRITORE DULST NF EN 170361 (Technigue volumétrigue & la tache)
| e wthurier die Lainl -Heebilain COLAS FRANCE . TERRITOIRE OUEST NF EN 13035-1
l"'l'_“‘l— L abvonafcomm e Raml Hesblan

MTD CHANTIER DVDC Eawveold RD 156 - La Seguiniere — _ __ _ ]
Matérian veold CHANTIER DV Easvoold BRI 158 - La Séguiniére
TraTeRAREE Materian arvgold

Eeitahio 2 i] . Frovenamce -

E)( RD 158 Eilnenia | T e T T T T T B PV U T :
st e b ot e de = 1 : - A | ]
e TR S — —— el :

an de siuaton
Iuat s o B B S e b e
Prafondrur & Mscrotruiore [E- L[] (5 1] (AP
Répartition des meure: r0dem 1000 209 mm 500
0 mm 1000 210 mm 250
T 1608 211 mm 300
207w 950 zllmm [T
" 208 =m 7RO 203 mm 0%
oductitalie
REPARTITION DES MESURES
16
E 1
L4
12
1 3
i E
f :
43
? : L]
L ] 1 o L]
£ 1] =08 LE-02 L8 T 1] 18=13 Bl=1d a4
Fredeadenr Muere- [enmre
Obsrvation Wenis | Dedn emps Vies: Toawd

ombint it passa P
Mot 3o st vE ool Jso ]



IN SITU MEASUREMENTS

MTD

1,1 1,1
1 o ! RD 158 e RD762
------------ [
RD 762 P RD 125 09 .
00 | & ® RD 111 RD 111 RD 125
RD158 el E 08 ¢
& RD 154 £ ° RO BA
0,8 RD84 el ° py e
o 9%  Rp154 -
= °
£ o7 RD 751 = 06
8 96 0,5
=
0,5 0.4
0 200000 400000 600000 800000 1000000 1200000 1400000
0,4 ) )
0 5 4 6 8 10 12 14 16 Estimated cumulated trafic trucks (MAP from departement)

Age of the jobsites (years)
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IN SITU MEASUREMENTS

FWD results

Réseau de Laboratoires d'Essais et d Analyses

COLAS _ : COLAS Essais relatifs aux chaussees
e Essais relatifs aux chaussées Déifaxsan au dillectomdtin i masss tombants (FWD)
Déflexion au déflectometre a8 masse tombante (FWD) .,
INFORMATIONS GENERALES
i e B T BT e G ot - B
- o Localsation D B4 Tigné (49) Dl dos esanis - 25042024
[ INFORMATIONSGENERALES | _ Cwent CORECENTER W dedosser 04024 ANIOU 0268
Nom chantier : DVDC Easycold (45) - RD B4 Date du rapport : 030572024
Localisation : RD 84 Tigné (49) Date des essais | 26/04/2024 Deflexion centrale
_ Client . CORE CENTER N’ de dossier : D48.24 ANJOU.02E g
E ™ "
. 2 § s Il
| IMPLANTATIONS DES ESSAIS Bl " I m
5 " m L TR II|I'l..
%8 a ] 1 L - " plf
; g ILJ.ll = '.‘- l..‘-li*..‘rl'-i.'r' W e -‘il._‘.'ld- .:'lq._ i .“‘
Raryon de courbure

- ¥ i iy a

e Arrides

E

- Y U N el ] p

W W e ""‘.-‘H“"--r-.- B_nTerle a . sl Bl B ! | e
o
B, it i A Page 68
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SURVEY
PAVEMENT MONITORING

EVALIS 3D
LCMS Sensors

[
CORE

EVALUATION DE L'ETAT DES
CHAUSSEES DES ROUTES
DEPARTEMENTALES TRAITEES AVEC
EASYCOLD

Consell Départemeantal

du Maine-et-Lolra (49)

il il
[Tt
AN

TECHNOLOGIES
NOUVELLES



SURVEY
PAVEMENT MONITORING

CRACKING

EXRD 125



SURVEY

COLAS

Route diagram for all sections

ex RD 751 (13 yrs)

Evaluation état des chaussée - Routes départemental traitées avec Easycold

ROTEI_1_VL

COLAS

ex RD 125 (10 yrs)

Evaluation état des chaussée - Routes départemental traitées avec Easycold

RD25_1_WL

Omaise gawch ||

Demaite ceolle |mim)

Aflassement ives (it

Macrotistioe {mm)

Oinneére: gache: (mm)

Orredre drodie (rmm)

Aftassernent mrves (rmim)

htacrobexture (e

Fasncage I Fimeng aget
Frration ingeudrabe T T T T T T T Frsuahon boghudnde
F o a0l 1T T e Fausur mhon framuversake
Hidi da pouie o de pouke
Anachemeni sAarachemen
Rarmonibe Hernonite
Réspanatmne BB Héparation BB
Réparstors mutres R ™ aulrEs . _
Tratchées nngfudraies Tranchéss iongiuacnakes
Tranchées trars versies Tranchies SaraveRakes
- - - - - - - - - ¥ - - - - - - - - - -
Mohn gichale TH i b1 HNte gobals T4
ot T I | I ] [ oees- ] [ R | B_oo
Baraae 1 . Bormage o ]
- - - - - - - - - ¥ 4 - =3 - - - - - - -
_Mimie didiion (s (e Pape 27 Pt o Arifawn PO Pans 18
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SURVEY

Results for 42 km of network

Damaged proportion of jobsites survyed

Results on macrotexture
Right Wheelpath

O km
L km § km
I km A1k Al km
- ®0.0-0.4 mm
- 0.4- 0.6 mm
2km e oo Olen 0.6- 0.8 mm
rirveling alligator craciing cracking bleeding ®>0.8mm

GO0 =Gl mG2 Without damage
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SURVEY
EVENNESS

Evenness Results for small wavelength EVENNESS Results for middle wavelength
(0,7 -2,8 m) (2,8-11,3)

km

kn 3km
4% |

7%

23 km
60%

22 km
56%

w[0-4]  [4-7] = [7-10] o[04 [4-7] =([7-10]
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SURVEY

0 km
0%
e

® 0 km

Rutting
Left Wheelpath

RUTTING

= 0-15
15-30

m =30

Distribution of bank deformation measurements

ATk 2km

10km
5l
okm o hm & hem Lkm A
Ohm —_— —
(T T Bediorm Sl sng  Verysmall Mo bump o very senall
Barmg hisnp mmitaldande  shaldencs

Ofm

mitridencs

® 1km s Rutting
1% ~._ Right Wheelpath
Okm

1%

Ohm km

ey Lgigm
witmidercs  sibsderce

= 0-15
15-30
m =30
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SURVEY DATA ANALYSIS BY SECTION

Opportunity to approach
damage curves ?

Damage increase with time

10,3000 p—
i
0,2500 ¥
Maasurements issuas 7
__ 10,2000 '
o
=
E 01500
i |
4
& 0,1000
0,0500 B s
| 7 I
10,0000 . i A
Mo’
0 2 4 3 B 10 12 14
Age of the section (years)
mim2 - mlonekudinalcracking Il & raveling fmim

16

ravaling (mim)

G-RValue (kPa)

RDB84(10) . 7

100
RD 154(14)
RD 111(13) e

P RD 54(5) & B

RD 125(10) RD751(13)
&0 & == ?

kD 158(5] °  RD762(3)
3 L}
0,00 0,10 0,20 0,30 0,40 0,50 0,60 0,70

total crack lenght {m/m)

Search for correlation with
binder characteristics
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SURVEY

Detection limits

Possible confusions small ravelling/crack ?
Adaptation on algorithms —Ongoing
localised damage

31






CONCLUSION - OUTLOOK

FIRST ASSESSMENT

e Sustainability figures on EASYCOLD
o Lifetime > 12-14 Years !
e Possible way to define damage curves of wearing courses

ADDITIONNAL RESEARCH - NEEDS

« Improve relevancy on rheological parameters on binders

(Effect of Aging)
e Adaptation of algorithms : quatify very small damages

NEXT STEP ?

 Way to quantify lifetime insitu ?
e Shall we think about maintenance differently ?

33



ZAHVALIUJEM NA PAZNUI

xavier.carbonneau@colas.com
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