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Final results of Fondej
A LCPC 4 years research project

Armelle Chabot
http://or.lcpc.fr/fondephy
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CETE CETE CETE…

LRPC LRPC LRPC LRPC LRPC LRPC

(1) MEEDDM : Ministry for Ecology, Energy, Sustainable Development and the Sea, in charge of Green Technologies and Climate Change Negotiations
(2) 8 CETE : Public Works Regional Engineering Offices 
(3) 17 LRPC : Public Works Regional Laboratories 

Universities, CNRS, …

Prime Minister

MEEDDM Min. Education
& Research …

…. Dir. of
Roads

Dir. of
Research Dir. of Research …

LCPC

4 years
contract

25 % of research 
resources for Civil 

Engineering in 
FRANCE

LCPC related to the French State
French President
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Medium Term Plan between 2006-2009

ð 5 thematic Priorities of LCPC

Ø Attain an effective contribution of the infrastructure to road safety: 
20% of R&D

Ø Develop materials and structures that spare non renewable natural 
resources: 15 % of R&D

Ø Ensure the integration of the infrastructure into the environment, 
particularly in urban and suburban conditions (pollutions, natural 
hazards): 20% of R&D

Ø Optimize existing civil engineering structures through diagnosis and 
maintenance: 25 % of R&D

Ø Develop civil engineering tools and methods: 20% of R&D
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Develop civil engineering tools and methods
ð 2/(~10) for Pavements

Ø “Use of new Tools to improve the French Pavement Design 
Method”- P. Hornych

Ø FONDEF : “Physical bases of the mechanical behavior of 
materials in pavement structures” – A. Chabot

Viscoroute© 2.0
(Chabot A, Chupin O, et al.,RMPD2010, In Press)

NEEDS in 2005/06
Evolution of European normative context to characterize the mechanical 

behavior of materials

Use of new materials and innovative pavement structures

Evolution of design method and pavement analysis 

Development of pavement structural data base
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FONDEF Participants
LCPC+LRPC ~ 12 Eq Full time of Researcher (40%), PhD 

and Techn./year -> ~ 1 460 k€/year
ð ~ 90% Transport Materials 

& Infrastructures research unit 
(SMIT - C. De la Roche)

and 
…
Univ. Lyon (ENTPE/CNRS)
IUT d’Egleton/ Université de 
Limoges, 
INSA de Strasbourg, 
Université de Nantes (-> Pau) 

ðConnexion with Rilem 
activities of TC-CAP et TC-ATB
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My job: Coordinate a one 4 years 
research programme ->Coordonner

Arranger certaines choses entre elles suivant les rapports qu’elles 
doivent ou peuvent avoir ; les disposer convenablement pour une fin. 

Fondej1
2 Déc. 2005

Fondej3
23/24 Nov. 2006

or.lcpc.fr/fondephy

Fondej4
7/8 Juin 2007

Tenue de 
soirée! Nantes

Fondej5
22/23 Nov. 2007

Fondej6
2-3 Juin 2008

Fondej7
20 Nov. 2008

PUBLIS!

Fondej8
15/16 Juin 2009

… ANR, PRES, Pôles,
AERES, 

Carnot, the new DG ….

Fondej9

Janv. 
2006

Janv. 
201001/07 01/08 01/09

Fondejclot
March 23, 2010

1 2 3 5 64 7 8
Fondej2
8-9 juin 2006

“Holes of T.Young“
(1773-1829)

6



2

7/18A. Chabot AAPT- Sacramento – March 8th, 2010

“Physical bases of the mechanical behavior of materials 
in pavement structures”

Þ 3 main topics (materials in Pavement - 3 scales)

FONDEF http://or.lcpc.fr/fondephy
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Study of the Compaction Test - PCG
Granular + Viscous fluid

PE Peyneau  PhD
(2006-2009) UR  Navier
(Peyneau, Roux, Physical review E., 2008)

PCG3

Numerical simulations
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Viscoanalyse Software
(Chailleux, Ramond et al., RMPD 2006)

http://www.lcpc.fr/fr/produits/viscoanalyse/index.dml

Rheological properties

(1>h>k>0)

(Huet 1963) (Sayegh, 1965)

(Huet, Mechanics and Materials, 31, 1999)

NF EN 12697-26

Prony series

d

USIRF
P
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ViscoRoute© 2.1 research release 

• elasticity: Duz = 0
• viscoelasticity: Duz ¹ 0

Power dissipation
P = V·p ò

¶G
uz·nx·dl   (JTR 2005)

p

Duz

V

FUEL CONSUMPTION STUDIES
related to loadings, structure, materials (± T°C)
(Chupin, Piau, Chabot, proposed to ISAP2010)

INTRODUCTION OF SLIDING INTERFACES
(Chupin, Chabot, MAIREPAV6 2009) (Chupin, Chabot et al., IJSS 2009 in review)

ViscoRoute© 2.0 (Chabot, Chupin et al., RMPD 2010 in Press)

Introduction of a Complex Poison ratio
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Rutting Studies (Visco-plastic problems)
Boundary conditions problems… 

Rilem TC-ATB TG3 
S. Buisson, V. Dubois, T. Gabet, …

(Bodin, Grenfell et al., RMPD 2009)

s3 = p-1/3q

s3

q + s3

s3

q + s3

J. Sohm PhD (2007-
2010) ENTPE
Triaxial tests on bituminous

(Sohm, Hornych et al., ICAP2010)

(Olard and Di Benedetto, 2005)
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PREDIT Project 2003/07: DEVIN
INRETS - LMT Cachan - SMIT/LCPC

(Hammoum F., Chabot A., Saint-Laurent et al., Materials and Structures 
2010, in press)

Rutting problems? (channeling traffic)
Bituminous pavements

Tramway of Clermont-Ferrand 
(Translohr) - Michelin tires

ð Effect of horizontal 
forces with the help of 

ViscoRoute©1.0 Software 
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(Hammoum F. , Chabot A., Saint-Laurent et al., 
Materials and Structures 2010, in press)

Stress Path in (P,Q) Frame

Few mm under the surface loaded

[Compression]

At the bottom of asphalt layers

6m PF2

0.3m GNT
0.19m EME2
0.07m BBME

s
3

q +s3

s
3

q +s3
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“Physical bases of the mechanical behavior of materials 
in pavement structures”

Þ 3 main topics (materials in Pavement - 3 scales)

FONDEF http://or.lcpc.fr/fondephy
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Bituminous material (Chkir, 2006-2009)
(Chkir, Bodin et al. Mech. of Time Dep. Mat. 2009)

(Bodin, 2002) -> ENDOANALYSE 2D

Bitumen (Le Guern, 2007-2010)
(Chailleux, Bodin et al., Rilem ATCBM2009)

Fatigue in Bitumen and Bituminous Materials 
–> 2 TOTAL PhD contracts 

Fracture Toughness prEN
(Chailleux, Mouillet et al., Eurobitume 2008)
CEN TC336/WG1, Draft 4 Febuary 2009

(Chailleux et al., ICAP2006)

Viscoelastic crack Study 
(Nguyen, 2008) ENPC/LCPC
(Hammoum, Chailleux et al., RMPD2009)
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Aluminium
Bituminous material

Steel material

Crack and Damage Analysis in Multilayered
(Chabot, Tran , Ehrlacher, Athens2007)

(Pérez, Balay et al., Rilem CP2008) (Chabot, Pouteau et al., Rilem CP2008)

(Spilmann, Master Pro 2007)
(Le Corvec, Master Pro 2008)

(Hun, 2009-2012) New PhD

M4-5n, EndoAnalyse
Applications
(Chabot, 1997) (Bodin, 2002)

F2(t)

d2(t)

d1(t)

(Bodin, 2008)
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Water/Freeze Team 
(Mauduit et al., RGRA 2007) (Mauduit et al., BLPC 2010)

State of the art -> interface problems
- Collect data from pavements + APT results
(Vulcano, Kerzreho et al., ISAP2010)

- Collect data from moisture tests

- First Freeze-Thaw tests

LR Nancy

(Mauduit, Hammoum et al., EATA2010)
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Thanks for your attention!
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