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LCPC first State of art DataLCPC first State of art Data

� Bank of data from real pavement specimens:

� Since 1993 French IQRN data bank

(SETRA, 2000) (Lepert et al., 2004) (Brillet et al., ICAP2006)

--> > statisticstatistic data of data of severalseveral pathologies (pathologies (visualvisual methodmethod))

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

--> > coarsescoarses, FWD, , FWD, ruttingrutting and and visualvisual informationsinformations

� Data from ALT facilitie

� LCPC Carrousel of fatigue

� For cracking 6 experiences

-> extend of cracking curves, sensors information,

Material characterization

�� LCPC LCPC «« FABACFABAC»» machinemachine
�� RecentRecent resultsresults fromfrom PhDPhD thesisthesis
((PouteauPouteau et al., RGRA2006) (Pet al., RGRA2006) (Péérez et al., ICEFAIIrez et al., ICEFAII--2006)2006)

LCPCLCPC

OR OR –– 11P06311P063

20062006--20092009
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�pavement construction :
by Pavement compagnies

� main partnership :
- Road Administration

- Motorways societies

- Pavement compagnies

- Petroleum compagnies

� due to financial reason :
external association is always requested (at this date)

Pavement building, partnership of LCPC ALT Pavement building, partnership of LCPC ALT 
programmeprogramme
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�� 14 14 tests with Motorways companies on structural designtests with Motorways companies on structural design
�� 3434 tests with Road contractors for evaluation of new tests with Road contractors for evaluation of new 

products for base and surface layersproducts for base and surface layers

�� 1212 tests with Contractors and Producers unions to adju st tests with Contractors and Producers unions to adju st 
design of pavementsdesign of pavements

�� 6060 tests with Motorways companies and Oil producers on  tests with Motorways companies and Oil producers on  
ruttingrutting

�� 1212 tests with Tire manufacturertests with Tire manufacturer

�� 28 28 tests with Urban transportation consortiumtests with Urban transportation consortium

20 20 yearsyears of extensive ALTof extensive ALT
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LCPCLCPC--Nantes Nantes carrousselcarroussel
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� Circular outdoor facility, commissioned in 1984
� Central 1000 HP (746 kW) electrical plant

� Radii of rotation : adjustable from 15 m to 20 m
� Maximum speed 13.5 rot/mn (100 km/h at radius 19.5 m)
� Transverse wandering of real traffic can be reproduced 
� Various types of loads from 8-ton single-axle to 30-ton multiple-axle 

(only a half-axle per arm)
� 3 test sites, the 3rd one including 
water table control system (pumping station)

� Track width up to 6 m  -
length 122 m (radius 19.5m)

Main Main characteristicscharacteristics of the of the facilityfacility
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LoadLoad configurationsconfigurations
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Up to up four 

wheel-paths

Trafic transversal Trafic transversal wanderingwandering simulationsimulation

Position of the load

1 2 3 4 5 6 7 8 9 10 11

1.10%

3.30%

6.60%

16.60%

22.20%

11.10%

Distance from pavement centerline  (m)

-0.525 -0.42 -0.315 -0.21 -0.105 0 0.105 0.21 0.315 0.42 0.525

Ring
center
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Sector 5 : Bituminous
reference structure

Sectors 1 to 4 : Flexible 
pavement, thickness of 
UGM from 20 cm to 50 
cm

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

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

Example of test on flexible pavementExample of test on flexible pavement
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5 cm 5 cm 8 cm 8 cm 6 cm

20 cm 20cm 20cm 20cm

15cm
20cm 30cm

20cm

8 cm

Theoretical live duration (millions loading)

asphaltic concrete
asphaltic base course

UGA untreated graded aggregates Soil (80 
to 110 Mpa according water level)

0.18 0.30 0.75 1.25 1.50

Sector1
22.50m

Sector2
22.50m

Sector3
22.50m

Sector4
22.50m

Sector5
30m

(reference)

Up to 4 or 5 pavement structures per testUp to 4 or 5 pavement structures per test

Example of test track arrangement for fatigue experiment on flexible pavement
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Pavement instrumentationPavement instrumentation

Horizontal strain
gauge

Vertical strain gauge

Pressure cell
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Radius 16.5m

Radius 19.5m Load configuration :
- wandering +/- 0.55m 
- twined standard wheels (32.5 kN/whell)
- speed 10 rot/mn (70 km/h)
- 1.7 millions loading for each stage

Stage 1 :

- low water table level

- subgrade bearing capacity 110 Mpa

- rotations at radius 19.5 m

Stage 2 :

- high water table level

- subgrade bearing capacity 85 Mpa

- rotations at radius 16.5 m

Example of test on flexible pavementExample of test on flexible pavement
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ExamplesExamples of testsof tests

Fatigue experiment on 
asphalt pavement

Rutting experiment on 
asphalt pavement (ultra 
canalized urban traffic)

For crackingFor cracking
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3 fatigue cracking 3 fatigue cracking experimentsexperiments

Material damage modelling (Bodin et al., Eurobitume2004)

(Achimastos, 1998), Courage project (Hornych and Salaska, 1999)

II

IIII

IIIIII
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S1S1

S2S2

S3S3

S4S4

For instanceFor instance
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Available DataAvailable Data

((AchimastosAchimastos, 1998) , 1998) 

time (s)

Figure 4.3 : Example of recorded signal of a longitudinal strain gage placed at the bottom of the asphalt layer

Courage Courage projectproject(Hornych and (Hornych and SalaskaSalaska, 1999), 1999)

εxx (µstrains)

++ material material 
characteristicscharacteristics
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3 exemples of 3 exemples of RehabilitationRehabilitation data for crackingdata for cracking

II

IIII



RILEM TCRILEM TC--CAPCAP-- TG1TG1–– OctoberOctober10 2006, Champaign 10 2006, Champaign -- US US 19/4819/48Chabot et al.Chabot et al.

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

Format Project WP3 – experiment with Lcpc’s ALT
Innovative maintenane treatment VTAC + Geogrid

IIIIII
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1- Before the maintenance roadwork :
- Cartograhy of crackings (pictures)
- Evaluation of severity of cracking (cores)
- Evaluation of structural capacity of pavement (benkelman and fwd)

2- During the maintenance roadwork : Laboratory tests on formulation, Pictures …

3- After the overlays application:
- Evaluation of structural capacity of pavement with overlays (benkelman and FWD)

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

5- After the test: Cores on cracks, trenches

Format Project WP3 – experiment with Lcpc’s ALT
Structure survey
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LCPC FORMAT LCPC FORMAT ResultsResults
((DelivableDelivable Report D9, 2004)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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First Conclusions on LCPC carrousel dataFirst Conclusions on LCPC carrousel data
�� No relation between deflection and extent of surface crackingNo relation between deflection and extent of surface cracking

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

�� Specially for thin layers top down cracking existsSpecially for thin layers top down cracking exists

�� DonDon’’t forget to take into account debounding!t forget to take into account debounding!

�� New modelling tools need to analyze and diagnosticNew modelling tools need to analyze and diagnostic
the data setthe data set--up (OR Fondephy 2006_2009):up (OR Fondephy 2006_2009):

• Bitumen Cracking modelling (Nguyen, 2006) (Chailleux, ICAP2006)

• 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 (El Abd, 2006)(Hornych et al., RMPD2006 or 
2007) …

(Hamlat et al., 2006)(Hamlat et al., 2006)
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Cracking in Pavement Cracking in Pavement 
2 2 FabacFabacMachinesMachines--> > AsphaltAsphalt and/or and/or concreteconcrete pavementspavements

Dimension length:9.80 m

width:2.50m

heigth:3.30m

Weight: 15 Tons

Power : 45 kw

Loading conditions :
standard twinned wheels 32,5 kN/wheel

or single wheel :42 kN/wheel,
speed : 3.6 km/h

no lateral wandering
length of road trafficked = 2 meters
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Area for Score fest -maximum 
length 20 meter, width 3 meters
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CraneCrane

APT experiment and modeling of reflective APT experiment and modeling of reflective 
cracking in pavementscracking in pavements

Sergio PEREZ Sergio PEREZ –– Doctoral student Doctoral student –– LCPC LCPC 

TAMAGNY Philippe TAMAGNY Philippe –– LCPCLCPC
BALAY Jean Maurice BALAY Jean Maurice –– LCPCLCPC

PETIT Christophe PETIT Christophe –– UniversitUniversitéé de Limogesde Limoges
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Geometry Structures Geometry Structures –– Test Test Conditions Conditions (P(Péérez et al., 2006)rez et al., 2006)

84 cm

Concrete slabs

6 cm bituminous layer

2  m

9,5 cm GB3

8 cm BC5

PF3

PouteauPouteau PhDPhD thesisthesis(2004)(2004)
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Instrumentation for each tested joint Instrumentation for each tested joint (P(Péérez et al., 2006)rez et al., 2006)

Displacement of 
the wheel

Longitude load application : 2 m

JOINT

LVDT – vertical 
displacement measure

2.00 m

Load (wheel)

2.75 m

20 cm

5 cm

55 cm

75 cm

DALLE 

Strain gage
on top of the layer

Strain gage
on the bottom of layer

Lateral cracking 
evolution captor

8

8

102

6 Temperature sensors

TOTAL NUMBER OF  SENSORS = 34

+
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APT Time ScheduleAPT Time Schedule (P(Péérez et al., 2006)rez et al., 2006)

cycles

cycles

cycles

Average T. 12°C 

Average T. 16°C 

Average T. 4°C Average T. 18°C 
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Rappel ThRappel Thééoriqueorique

6 cm6 cm

14 cm14 cm

Joint Joint 

REFLECTIVE CRACKING (view from top) REFLECTIVE CRACKING (view from top) (P(Péérez et al., 2006)rez et al., 2006)

Load Application Load Application 

x

y
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Silver wire

REFLECTIVE CRACKING (lateral view)REFLECTIVE CRACKING (lateral view) (P(Péérez et al., 2006)rez et al., 2006)
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Crack crosses the layer 

REFLECTIVE CRACKING (sample extracted from the test road)REFLECTIVE CRACKING (sample extracted from the test road)
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Reflective Crack

REFLECTIVE CRACKING (lateral view)REFLECTIVE CRACKING (lateral view) (P(Péérez et al., 2006)rez et al., 2006)

Joint 

RILEM TCRILEM TC--CAPCAP-- TG1TG1–– OctoberOctober10 2006, Champaign 10 2006, Champaign -- US US 34/4834/48Chabot et al.Chabot et al.

REFLECTIVE CRACKING (lateral view zoom) REFLECTIVE CRACKING (lateral view zoom) (P(Péérez et al., 2006)rez et al., 2006)
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75 cm from jointLoad on the joint

9 load positions and 10 zones besides the joint can be unbounded9 load positions and 10 zones besides the joint can be unbounded
P1 P2 P4P3 P5 P6 P7

Positions of the load for calculations Positions of the load for calculations (P(Péérez et al., 2006)rez et al., 2006)

Different meshes for each position of the load 

Instrumentation

P8 P9

6 cm

Structure 

Bituminous layer 2000 MPa

E Poisson  Coef.Thickness

6 cm

8 cm

15 cm

10 cm

35000 MPa

5000 MPa

2000 MPa

110 MPa

0.35

0.25

0.35

0.25

0.35

ASPHALT BASE

SAND-CONCRETE

CONCRETE SLAB

BITUMINOUS SURFACE  LAYER
D1        D2          D3        D4         D5          D6      D7        D8          D9        D10

Bituminous layer

Combination of calculus :
• 3 different temperatures
• 6 different settings for the interface 

zones
• Symmetric and non-symmetric 

interface composition

Joint
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Deformation (mµ/m)

Transversals Deformations 
Totally unbounded interface, Temp. 20°C et 0°C. 

Load placed 90 cm before the joint.

InstrumentationInstrumentation

Trsv. Def. T 20°C
APT results from J6
APT results from J2
Trsv. Def. T 0°C

Distance to the joint (m)
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Transversals Deformations 
Totally unbounded interface, Temp. 20°C et 0°C. 

Load placed 75 cm before the joint.
Deformation (mµ/m)

Distance to the joint (m)

Trsv. Def. T 20°C
APT results from J6
APT results from J2
Trsv. Def. T 0°C
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Transversals Deformations 
Totally unbounded interface, Temp. 20°C et 0°C. 

Load placed 55 cm before the joint.
Deformation (mµ/m)

Distance to the joint (m)

Trsv. Def. T 20°C
APT results from J6
APT results from J2
Trsv. Def. T 0°C
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Transversals Deformations 
Totally unbounded interface, Temp. 20°C et 0°C. 

Load placed 20 cm before the joint.
Deformation (mµ/m)

Distance to the joint (m)

Trsv. Def. T 20°C
APT results from J6
APT results from J2
Trsv. Def. T 0°C
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Transversals Deformations 
Totally unbounded interface, Temp. 20°C et 0°C. 

Load placed 5 cm before the joint.
Deformation (mµ/m)

Distance to the joint (m)

Trsv. Def. T 20°C
APT results from J6
APT results from J2
Trsv. Def. T 0°C
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Transversals Deformations 
Totally unbounded interface, Temp. 20°C et 0°C. 

Load placed 5 cm after the joint.
Deformation (mµ/m)

Distance to the joint (m)

Trsv. Def. T 20°C
APT results from J6
APT results from J2
Trsv. Def. T 0°C

RILEM TCRILEM TC--CAPCAP-- TG1TG1–– OctoberOctober10 2006, Champaign 10 2006, Champaign -- US US 42/4842/48Chabot et al.Chabot et al. InstrumentationInstrumentation

Transversals Deformations 
Totally unbounded interface, Temp. 20°C et 0°C. 

Load placed 20 cm after the joint.
Deformation (mµ/m)

Distance to the joint (m)

Trsv. Def. T 20°C
APT results from J6
APT results from J2
Trsv. Def. T 0°C
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Transversals Deformations 
Totally unbounded interface, Temp. 20°C et 0°C. 

Load placed 55 cm after the joint.

Deformation (mµ/m)

Distance to the joint (m)

Trsv. Def. T 20°C
APT results from J6
APT results from J2
Trsv. Def. T 0°C
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Transversals Deformations 
Totally unbounded interface, Temp. 20°C et 0°C. 

Load placed 75 cm after the joint.

Deformation (mµ/m)

Distance to the joint (m)

Trsv. Def. T 20°C
APT results from J6
APT results from J2
Trsv. Def. T 0°C
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Transversals Deformations 
Totally unbounded interface, Temp. 20°C et 0°C. 

Load placed 90 cm after the joint .

Deformation (mµ/m)

Distance to the joint (m)

Trsv. Def. T 20°C
APT results from J6
APT results from J2
Trsv. Def. T 0°C
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For the For the RilemRilem TCTC--CAP, CAP, itit cancan bebe usedused::

FabacFabac data (Pdata (Péérez et al., 2006)rez et al., 2006)

Limitations of ALTLimitations of ALT
• Missing the alea and traffic & climatic histograms of the real life
• 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”

NeedsNeeds
���� work on a comparative basis (reference materials, reference

structures and reference load configuration)
���� complement ALT with RLT (Real Load Testing) on real road network.
���� complement with lab structural test

Main conclusionsMain conclusions
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σx (t)? σy(t)? Wz(t)?

σxeq(t)? σyeq(t)? Wzeq(t)? 
=> F1(t)?F2(t)?F3(t)?

Objective : set a laboratory test 
for evaluation of solution against  reflective cracking

X

Z

X

Z

t

δVertical 
displacement
1<F<10 Hz

F1 F2

F3

MefistoMefisto devicedevice

ERA dERA d’’Autun L. Autun L. WendlingWendling
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ThanksThanks!!

2 m

(Pouteau, 2004) (Pouteau et al., CFM2005)
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Essai accEssai accéélléérréé de durabilitde durabilitéé
Mise au point dMise au point d’’un outil dun outil d’’auscultation de lauscultation de l’’ interfaceinterface

� Problématique : 
� Détection d’un décollement sur 

chaussée réelle ?
� Quantification de son étendue, 

de son évolution ?

� Bibliographie (Chaussée) :
� Outils candidats en mécanique 

statique, dynamique et en 
électromagnétisme

� Dispositif COLIBRI
� Principe [Bats Villard, 1991], 

[Lepert et Simonin, 1995]

� Étude du collage de l’interface 
entre deux couches : 

Analyse des fonctions de
transfert Réponse / Excitation

� Phénomène physique mesuré
Vibration de dalle 

[Pouteau,2004]

Références : [Léger et al., 1968], [Guillemin,1975],
[Steinway et al., 1981], [Gramsammer et al., 1983],
[de Boissoudy, 1984], [Sansalone et Carino, 1986],
[Solomon, 1987], [Girot et Godard, 1987], 
[Bats Villard, 1991], [Kobisch, 1999], [Simonin, 2002],
[Dérobert, 2003]
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Essai accEssai accéélléérréé de durabilitde durabilitéé
Mise au point dMise au point d’’un outil dun outil d’’auscultation de lauscultation de l’’ interfaceinterface

� Calibration initiale sur la structure à tester : 
� mesures sur joints témoins collés et décollés

JointProfils de mesure COLIBRI : ± 1m

DECOLLE

COLLE
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Profils de mesure COLIBRI : ± 1m

Décollement

Fissure 
de fatigue

Essai accEssai accéélléérréé de durabilitde durabilitéé
Exemple de rExemple de réésultat / J7 sultat / J7 –– Carottage Carottage –– AuscultationAuscultation

Détermination 
de la longueur 
du décollement


