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Reflective
king damages
. bituminous

l—,, LCPC first State of art Data

¢ Bank of data from real pavement specimens: N\
= Since 1993 French IQRN data bank I‘
(SETRA, 2000) (Lepert et al., 2004) (Brillet et al., ICAP2006)

-> statistic data of several pathologies (visual method)

= 22 French Test sections « SHRP » (Kobisch, 2000) >

-> coarses, FWD, rutting and visual informations
¢ Data from ALT facilitie

= LCPC Carrousel of fatigue

LcPC
OR - 11P063
2006-2009
P. Hornych

* For cracking 6 experiences y,

-> extend of cracking curves, sensors information,
Material characterization
= LCPC « FABAC» machine

* Recent results from PhD thesis
(Pouteau et al., RGRA2006) (Pérez et al., ICEFAII-2006)
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% Pavement building, partnership of LCPC ALT
ral programme

4 pavement construction :
by Pavement compagnies

¢ main partnership : g‘?
- Road Administration =

- Motorways societies

- Pavement compagnies

- Petroleum compagnies
¢ due to financial reason :
external association is always requested (at this date)
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LCPCIEr
des Ponls el Chaussées

ral L CPC-Nantes carroussel
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m h{!mlx ¢l Chaussées

Main characteristics of the facility

4 Circular outdoor facility, commissioned in 1984
4 Central 1000 HP (746 kW) electrical plant

4 Radii of rotation : adjustable from 15 m to 20 m
4 Maximum speed 13.5 rot/mn (100 km/h at radius 19.5 m)
4 Transverse wandering of real traffic can be reproduced

4 Various types of loads from 8-ton single-axle to 30-ton multiple-axle
(only a half-axle per arm) X

4 3test sites, the 3rd one including

water table control system (pumping station)
¢ Track widthupto 6 m -

length 122 m (radius 19.5m)
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m h{!mlx ¢l Chaussées

L oad configurations
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m s Ponl e Chaussées

Trafic transver sal wandering simulation
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m s Ponl e Chaussées

Example of test on flexible pavement

Sector 5 : Bituminous
reference structure

Track 1, mean radius 19.5m :
trafficked during the stage 1
Track 2, mean radius 16.5m :
trafficked during the stage 2

Sectors 1 to 4 : Flexible
pavement, thickness of
UGM from 20 cm to 50
cm
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m h{!mlx ¢l Chaussées

Example of test track arrangement for fatigue expenit on flexible pavement

Sectorl Sector2 Sector3 Sector4 Sector5
22.50m 22.50m 22.50m 22.50m

Up to 4 or 5 pavement structuresper test

30m
(reference)

Theoretical live duration (millions loading)
0.18 1.25

asphaltic concrete
- asphaltic base course
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EEEE UGA untreated graded aggregates Soil (80
to 110 Mpa according water level)

m h{!mlx ¢l Chaussées

Pavement instrumentation

Pressure cell

Horizontal strain
gauge

Vertical strain gauge
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Lot Centl_
m Tes Pl Chavssies:

} Radius 19.5m

Example of test on flexible pavement

L oad configuration :

- wandering +/- 0.55m

- twined standard wheels (32.5 kN/whel
- speed 10 rot/mn (70 km/h)

- 1.7 millions loading for each stage

<«—— Stagel:

- low water table level

- subgrade bearing capacity 110 Mpa
- rotations at radius 19.5 m

| Radius 16.5m

: [ <—— Stage2:
3 - high water table level
- subgrade bearing capacity 85 Mpa

- rotations at radius 16.5 m
Chabot et al. RILEM TC-CAP- TG1- Octoberl0 2006, ChampaignUS 13/48

Lot Centl_
m Tes Pl Chavssies:

Examples of tests

For cracking
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s Contl
m s onls e Chaussdes
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Material damage modelling (Bodin et al., Eurobitume2004)

3 fatigue cracking experiments
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s Contl

m“‘"“ Available Data

(Achimastos 1998)

tendue de Rssaraion (%)

+ material »
characteristics

DOBK0  SOE0S LOEW0S  LSEAOS 20EA06  ZSEWS 3OFS ISE06  A0KN0S
Nombre de cyeles 139

[Fig. 114 - Evolution de [ éiendue de fissuration des planches soumises & un essieu de 13 t

Courageproject(Hornych andSalaska1999)

Afm ii fad
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Figure 4.3: Example of recorded signal of alongitudinal strain gage placed at the bottom of the asphalt layer

€,x (Ustrains)
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I B0

3 exemples of Rehabilitation data for cracking
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:Z".:f,“,.‘;.”,‘;‘m Format Project WP3 — experiment with Lcpc’s ALT
m Innovative maintenane treatment VTAC + Geogrid

III

Application of Geogrid over the
bituminous tack-coat, before the
bituminous overlay placing

Ch |- Octoberl0 2006, ChampaignUS 19/48

I8 s _Format Project WP3 - experiment with Lepc's ALT
m""”""c"“"” Structure survey

1- Beforethe maintenance roadwork :
- Cartograhy of crackings (pictures)
- Evaluation of severity of cracking (cores)
- Evaluation of structural capacity of pavement (knian and fwd)

2- During the maintenanceroadwork : Laboratory tests on formulation, Pictures ...

3- After theoverlaysapplication:
- Evaluation of structural capacity of pavement witkeidays (benkelman and FWI

4- During thetest : evolution of :
- Cartography of cracking (pictures)
- Rutting
- Roughness, Sand patch, Penduleum (skid resistance)
- Drainability
- Temperatures and raining
- Ravelling, noise (?)

5- After thetest: Cores on cracks, trenches
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m des Ponls el Chaussées

LCPC FORMAT Results
(Delivable Report D9, 2004)

- Hot summer 2003 -> rutting
(19mm)

- fine transversal cracking (28%
extent of surface cracking after
1.5M)

- interface debonding before
and after rehabilitation!. ...
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LCPCIEr

ra”~" = First Conclusions on LCPC carrousel data

v No relation between deflection and extent of surface cracking

v Orientation of cracks depends on the thickness layers
-> loading?!

v Specially for thin layers top down cracking exists
v Don't forget to take into account debounding!

New modelling tools need to analyze and diagnostic
*rhe data set-up (OR Fondephy 2006_2009):

i
Bitumen Cracking modelling (Nguyen, 2006) (Chailleux, ICAP2006)%

(Hamlat et al., 2006)

Damage modelling (Bodin, 2002) (Bodin et al., ASCE2004),
Visco-elastique structural model (Duhamel et al., BLCPC2005) (Chabot et al, ICAP2006),
Cracking structural model (Tran, 2004) (Chabot et al., BLPC2005),

Visco-plastique modelling (Nguyen, 2006) (Nguyen et al., ICAP2006),

Non linearity modelling for GNT and soil material (EI Abd, 2006)(Hornych et al., RMPD2006 or
2007)
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m des Ponls el Chaussées

Cracking in Pavement

2 FabacMachines-> Asphalt and/or concr ete pavements
Loading conditions :
standard twinned wheels 32,5 kN/wheq
or single wheel :42 kN/wheel,
speed : 3.6 km/h
no lateral wandering
length of road trafficked = 2 meters|

Dimension length:9.80 m)|
width:2.50m
heigth:3.30m

Weight: 15 Tons
Power : 45 kw
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m h{!mlx ¢l Chaussées

Area for Score fest -maximum
length 20 meter, width 3 meters
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UNIVERSITE,

V LCP C Laborataire Central
des Ponts et Chaussées -
ral —

Sergio PEREZ — Doctoral student = LCPC

TAMAGNY Philippe — LCPC
BALAY Jean Mauric LCPC
PETIT Christophe — Université de Limoges

Laborlore Centl

Pouteau PhD thesis(2004)

Chabot et al.

mmeometry Structures — Test Conditions (Pérez et al., 2006)
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Lcpcimn Instr ion for each tested joint (Pérez et al., 2006)

m e Ponls ol Chatssées

Longitude load application : 2 m

&

Strain gage
he

oh the bottom of layer
Strai e ",
on top of the layer Dlsgl:cem:enlt of

@

Lateral cracking LVDT — vertical

it coptn displacement measure
+ (6 Temperature sensors
zr?anAl Ie'! g.u MBER OF RﬁEM §8§A%-;I'03190c\0ber10 2006, ChampaignUS 28148

APT Time Schedule (Pérez et al., 2006)

Warch [ April TM. ] J T J TA JSeptember] October [November[ D. W January [Febuary] M. T A T Hay [ June

TEST

"2 [ oo |
w3 1000 000
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Lcpcimn REFLECTIVE CRACKING (view from top) (Pérez et al., 2006)

Fonls lChatssées

e

Load Application ‘ Load Application

Rappel Théorique




84 s REFLECTIVE CRACKING (lateral view) (Pérez et al., 2006)

e Ponls 1

LCPC %";m_'ﬂ;mL REFLECTIVE CRACKING (sample extracted from the test road)
sl

Crack crosses the layer

Laboratre Centrel

e Ponls ol Chatssées

REFLECTIVE CRACKING (lateral view) (Pérez et al., 2006)

o .
Friess REFLECTIVE CRACKING (lateral view zoom) (Pérez et al., 2006)

Chal

Laboratre Centrel

e Ponls ol Chatssées

9 load positions and 10 zones besides the joint can be unbounded

Positions of the load for calculations (Pérez et al., 2006)

Combination of calculus :

« 3 different temperatures

« 6 different settings for the interface
zones

+ Symmetric and non-symmetric
interface composition

BITUMINOUS SURFACE
—

Load on the join

Poisson

s v | 2w00Mpa 0%

3s000MPa 025

5000 MPa. 035

. ..

Joint
Ch N {)’ 10 2006, ChampaignUS 35/48
Instrumentation s

Transversals Deformations
Totally unbounded interface, Temp. 20T et 0T.
Load placed 90 cm before the joint.

D (mwm)

b Trsv. Def. T 20T
Ll APT results from J6
ESll APT results from J2

Trsv. Def. T 0C

- T e
:7051“‘705“:rozsi‘“2 fopoopst o otop L 0f5
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Transversals Deformations
Totally unbounded interface, Temp. 20T et 0C.
Load placed 75 cm before the joint.

Deformation (my/m)

b Trsv. Def. T 20T

1 Ll APT results from J6
RSl APT results from J2
4 Trsv. Def. T 0C

7

-0’5

]

-05 -0[25 0ps5 o5 0175

Chabot et al.

RILEM T Distance to the joint (m) 16, chdidSfrumentation

Lot Centl_
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Transversals Deformations
Totally unbounded interface, Temp. 20T et 0C.
Load placed 55 cm before the joint.

b Trsv. Def. T 20T

43 Ll APT results from J6
RSl APT results from J2
164 . Trsv. Def. T 0C

/

/
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Transversals Deformations
Totally unbounded interface, Temp. 20T et 0C.
Load placed 20 cm before the joint.

b Trsv. Def. T 20T
iq Ll APT results from J6

RSl APT results from J2

Trsv. Def. T 0C
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Lot Centl_
m Tes Pl Chavssies:

Transversals Deformations
Totally unbounded interface, Temp. 20T et 0C.
Load placed 5 cm before the joint.

b Trsv. Def. T 20T
4 Ll APT results from J6

RSl APT results from J2
4 R Trsv. Def. T 0C

LA TN
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Transversals Deformations
Totally unbounded interface, Temp. 20T et 0C.
Load placed 5 cm after the joint.

@ b Trsv. Def. T 20T
4 Ll APT results from J6

RSl APT results from J2

Trsv. Def. T 0C
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Lot Centl_
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Transversals Deformations
Totally unbounded interface, Temp. 20T et 0C.
Load placed 20 cm after the joint.

b Trsv. Def. T 20T
Ll APT results from J6

RSl APT results from J2
. Trsv. Def. T 0C
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Transversals Deformations
Totally unbounded interface, Temp. 20T et 0C.
Load placed 55 cm after the joint.

m h{!mlx ¢l Chaussées

D ion (my/m)
b Trsv. Def. T 20T
4 Ll APT results from J6
Pl APT results from J2
4 Trsv. Def. T 0C
) N
7
T
ﬁ Nd -~ ™
g ~.
e | \\E
rl?5 -05 H 0.p5 05 0 %
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y Y Transversals Deformations
ifmeten~ Totally unbounded interface, Temp. 20T et 0C.
m Load placed 75 cm after the joint.

D ion (mwm)

b Trsv. Def. T 20T
4 Ll APT results from J6
Pl APT results from J2
Trsv. Def. T 0C

~
////

s ; 0ps | o5 05

,cﬁs

Chabot et al. RILEM T Distance to the joint (m) 16, chdiStrumentation

y Y Transversals Deformations
fmeten~ Totally unbounded interface, Temp. 20T et 0C.
m Load placed 90 cm after the joint

Main conclusions '

For the Rilem TC-CAP, it can be used:

D ion (my/m)
, o Fabac data (Pérez et al., 2006)
Pl APT results from J2
4 = — Limitations of ALT
: + Missing the alea and traffic & climatic histograms of the real life
P! N + Missing the aging of materials
» Continuity in working programs regarding the pursuit of “research
* objectives” is often difficult to reach with ALT , considering :
¥'Cost aspects
¥ Compatibility with the necessary. and useful “External demand”
'SR Needs
> work on a comparative basis (refer‘ence mate
2 structures and reference load configuration)
= -> complement. ALT with RLT (Real Load Testing) on real road
3,[35 ds Lobs ! 015 ols ors -> complement with lab structural test
Chabot et al. RILEM T Distance to the joint (m) 16, chdiStrumentation
L, Objective : set a laboratory test Lcpcireny
st il for evaluation of solution against reflective cracking m“""“"""“"‘“
n Thanks!

i

oxeq (t) ? Oyeq (t) 2 Wazeq (t) ?

0. (H)? O,(t)? wo(t)? => F1(t)?F2(t)?F3(1)?
H H Z! H . F2

d\¥|:t‘>:::[awl

1<F<10Hz

Mefisto device
ERA d'Autun L. Wendling
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(Pouteau, 2004) (Pouteau et al., CFM2005)
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Essai accéléré dedurabilité

Mise au point d'un outil d'auscultation de I'interface

¢ Dispositif COLIBRI

= Principe [Bats Villard, 1991],
’ 5)

= Etude du collage de linterface
entre deux couches :
Analyse des fonctions de
transfert Réponse / Excitation
= Phénomene physique mesuré

LCPCIEr
m des Ponls el Chaussées

Essai accéléré dedurabilité

Mise au point d'un outil d'auscultation de I'interface

¢ Calibration initiale sur la structure a tester :
= mesures sur joints témoins collés et décollés

Bande de
roulement
» ENtre-axe
" _jumelage
Bande de >
roulemey .
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[Pouteau,2004]

LCPCErrae
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Essai accéléré dedurabilité

Exemplederésultat / J7 — Carottage — Auscultation
e Ve Feae
de fatigue
; D
) e Décollement

Profils de mesure

Timelgs

ICOLIBRI : +1m

Sens de
dirculation!

—— 37pCinit
#- 17PC500m
& J7pC1M

Détermination
de la longueur
du décollement

04 06 o8
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