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https://www.youtube.com/watch?v=nGlhMk1hEZw

https://www.youtube.com/watch?v=nGlhMk1hEZw


1/3: Interface Debonding & Pavements ?



Chupin, Chabot, Piau & Duhamel, 2010. IJSS, 47 (25/26): 3435-3446, doi:10.1016/j.ijsolstr.2010.08.020

Composite Pavement à Case of a Sliding Interface
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https://lames.univ-gustave-eiffel.fr/materiels-et-logiciels/viscoroute
ViscoRoute2.0 © (LCPC,2009) All rights reserved 

https://lames.univ-gustave-eiffel.fr/materiels-et-logiciels/viscoroute


Chupin, Chabot, Piau & Duhamel, 2010. IJSS, 47 (25/26): 3435-3446, doi:10.1016/j.ijsolstr.2010.08.020
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https://lames.univ-gustave-eiffel.fr/materiels-et-logiciels/viscoroute
ViscoRoute2.0 © (LCPC,2009) All rights reserved 

à Pavement life ↘

Composite Pavement à Case of a Sliding Interface

https://lames.univ-gustave-eiffel.fr/materiels-et-logiciels/viscoroute


HWD

Diagnostic of 

interface bondings

Ovalisation

Gharbi, Broutin, Roussel & Chabot, 2022, JTE 50(2): 818-835, doi.org/10.1520/JTE20210211

In Situ Measurement Device for Airfield 
Pavement Interface Characterization
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+ 3D FEM calculation



Debonding & Pavements?



Edge effects à Outplane Interface Stresses
Tension exemple

Outplane
Shear interface stress

Z

x

Material 1

Material 2

Outplane
Shear interface stress

Normal interface stress

Bending exemple Pouteau PhD thesis (2004) https://theses.hal.science/tel-03118831
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https://theses.hal.science/tel-03118831


Bond Criteria ? 

Point stress?
Average stress?
Energy release rate -> fatigue…: Paris law?

England AH, 1965. A crack between dissimilar media. Journal of Applied Mechanics: 32:400–402.
Williams ML., 1959. The stress around a fault or crack in dissimilar media. Bull ScismolSoc Am, 49:199–204.

Homogeneous elastic material: l = 1/2

( ) ( ) ...f
r
Kf

r
K

II
II

I
I ++= qqs

cGG <

For a bi-material, l is a complex number!
E

1
, n

1

E2, n2

I II III

1993

2009

9/35



Family of (5+2) Multi-particle Model of Multi-layer 
Materials (M4) - Chabot PhD thesis (1997) https://pastel.hal.science/tel-00197853

ü Polynomial approximation per layer i in z for sij(x,y,z)
ü Hellinger-Reissner formulation (Reissner, 1950)

Y

Y

Z

X

Objet 3D : Volume

Z

( ) ( )++ = i3
1i,i h,y,xy,x aa st

( ) ( )++ = i33
1i,i h,y,xy,x sn

ei

( ) ( )ò
+

- abab s= ih

ih
dzz,y,xy,xNi

Layer i-1

ih

Layer i+1

Layer i ( ) ( )ò
+

- aa s= ih

ih
dzz,y,xy,xQ 3

i

( ) ( ) ( )ò
+

- abab s-= ih

ih
dzz,y,xhzy,xM ii

10/35

Chabot & Ehrlacher, 1998. Modèles Multiparticulaires des Matériaux Multicouches M4_5n et M4_(2n+1)M pour l’étude des effets de bord. JNC11, 
Arcachon, Ed. AMAC, 3: 1389-1397. https://hal.science/hal-00325238

Interface i,i+1

Interface i-1,i
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https://pastel.hal.science/tel-00197853
https://hal.science/hal-00325238


Nasser, Chabot, 2018. Advances in Engineering Software, 117: 107-122, doi.org/10.1016/j.advengsoft.2017.06.008
*Nasser, Chupin, Piau, Chabot, 2018. RMPD, 19 (3): 496-510, doi: 10.1080/14680629.2018.1418653

Composite pavement à Vertically Cracked Layer

1
2

Interface 2,3 
Normal stress 

3
ν1,2 (x) =σ zz x,h1

+( ) =σ zz x,h2
−( )

ν 2,3(x) =σ zz x,h2
+( ) =σ zz x,h3

−( )

Vertical crack in the 3rd layer
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Nasser PhD thesis (2016)
2D Half-analytical Elastic Solution & *3D Mixed FEM Developments

M4-5nW : 

- 5 kinematic fields per layer 
i, i ∈ {1, n}

- Winkler’s springs for the soil



eRoad composite system 

12/15	Chabot A., Deep P., 2019. RMPD, 20 (sup2): s590-s603, doi: 10.1080/14680629.2019.1621445 
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After Chen KTH PhD thesis (2016), Sweden

M4-5nW Interface 
Normal stress 



2/3: Lab. Characterization?



Cracking in Pavement Group (2001-2004) 
   à 5th RILEM CP Int. Conf. (CP2004) Limoges, France

https://www.rilem.net/publication/publication/42
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https://www.rilem.net/publication/publication/42


Mixed (Mode I+II)
After Raab & Partl (2004)

…TG2 of TC241-MCD (2011-2017)
à Interface Debonding Behavior

2 MODE I – OPENING MODE
2.1 Tensile Bond Test (TBT)

2.2 Tensile Notch Bond Test (TNBT)

3 MODE II – IN PLANE SHEAR MODE  
3.1 Shear Bond Test SBT (without normal stress)
3.2 Shear Bond Test SBT (with normal stress)

4 MODE III – OUT PLANE SHEAR MODE

5 MIXED MODE (I + II)
5.1 Three point bending test

5.2 Four point bending test
5.3 Composite specimen interface test (CSIC)
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Petit, Chabot, Destrée, Raab, 2018. RILEM State-of-the-Art Reports, 28: 103-153. Springer, Cham, doi: 10.1007/978-3-319-76849-6_3
Petit, Chabot, Destrée, Raab, 2018. Materials and Structures, 51 (4): article 96, doi: 10.1617/s11527-018-1223-y



F/2F/2

2

1
A B C D

Chabot , Hun, Hammoum, 2013. CBM, 40:1076-1088, doi: 10.1016/j.conbuildmat.2012.11.027 
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4pt Bending tests (Mixed Mode): geometry & E2/E1 
Hun PhD thesis (2012) https://www.theses.fr/2012ECDN0042 

M4-5n Energy Release Rate 
using VCCT, GVCCT
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x

z

https://www.theses.fr/2012ECDN0042


17

Gharbi, Nguyen, Trichet, Chabot, 2017. BCRRA2017, CRC Press (Verlag), doi: 10.1201/9781315100333-201

Wedge Splitting Test (WST) 
Gharbi PhD thesis (2018) https://www.theses.fr/2018ECDN0037

Adaptation of the WST for extracted specimen coming from a test track
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Tschegg, 1986. Equipment and appropriate specimen shapes for tests to measure
fracture values, AT No. 390328, Austrian Patent Office, Vienna, Austria.

Notch

14-CE22-0019 (France)



Gharbi, Chabot, Geffard, Nguyen, 2022, RILEM BookSeries, 27: 263-269, doi.org/10.1007/978-3-030-46455-4_33 
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Mode I WST case 
Gharbi PhD thesis (2018) https://www.theses.fr/2018ECDN0037

14-CE22-0019 (France)



Ijaz et al (2014)

Gornet, Lévêque, Perret, 2000. Mécanique & Industries 1(3):  267-276, https://www.sciencedirect.com/science/article/abs/pii/S1296213900001159 
Ladevèze, Allix, Gornet, Lévêque, Perret, 1998. Studies in Applied Mechanics, 46: 481–500, doi: 10.1016/S0922-5382(98)80059-7

WST Modeling using Viscohinte in Cast3M FEM
Damage modeling tacking into account a delay and ≠ opening modes 

(Mode I or Mixed Mode I+II)
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Parameters
Interface stiffnesses: kn, ks
Energy : Y0, Yc
Delay : k, m

Mode I et II Contribution : γ, α
Interface fragility: n
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Damage speed:



Lemartinel, Chabot, Dave, Gornet, 2022. 25ème Congrès Français de Mécanique. https://hal.science/hal-03713539

Fitting two exp. curves using the Viscohinte model

Mixed mode (g=1; a=0.31)
20/35

5550 MPa

5700 MPa

4350 MPa

3250 MPa

5000 MPa

5000 MPa

5000 MPa

5000 MPa

Mixed mode (g=1; a=0.31)

https://hal.science/hal-03713539


3/3: Actual Direction 
à Cities & Urban Heat Island Pb



Climate Evolution (T°C)
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Earth Syst. Dynam., 13, 1397–1415, 2022 - https://doi.org/10.5194/esd-13-1397-2022

Up to 5°C 



N°81 - Juin 2022 BNews

Urban Heat Island (UHI)
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From http://klimat.czn.uj.edu.pl/enid/2__Climat_urbain/-_Ilots_de_chaleur_2uk.html

2020: 80% of French people 
live in cities

UHI plan for the Nantes area

From https://auran.org/content/quest-ce-quun-ilot-de-chaleur 



Some UHI Solutions…

Paris

Nantes, Durham, …Lyon … Los Angeles …

24/35

, Urbana-Champaign (2010)…
Upcoming literature review presentation: 
à Tormos, Chabot, Dave, 2024. Int. ISAP2024 conf., 2/6 June, Montreal, Canada. https://isap2024.ca

https://isap2024.ca/
Armelle Chabot
From Colombert (2008) after www.espere.net



Bending case with Discontinuities and climate change 

F/2F/2

2

1

SOIL



Comp. Pav. à Effect of the coef. of thermal expansion
Tran PhD Thesis (2004) https://pastel.hal.science/pastel-00001026

Chabot, Tran & Ehrlacher, 2007. CRC Press  1: 431-440. https://pastel.hal.science/pastel-00001026
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M4-5nB : 

- 5 kinematic fields per layer i, i ∈ {1, n}
- Boussinesq model for the soil

Outplane
Shear interface stress

Normal interface stress
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M4-5nB (in Matlab) à15min CPU

3D FEM(César-LCPC) à 2h CPU

https://pastel.hal.science/pastel-00001026


Comp. Pav. à Effect of ≠ E Ratio due to ≠T°C
2D M4-5nW analysis

1 2
3∼0,5 MPa

ν1,2 (x) =σ zz x,h1
+( ) =σ zz x,h2

−( )
ν 2,3(x) =σ zz x,h2

+( ) =σ zz x,h3
−( )

Interface 2,3 
Normal stress

(zoom) 
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Nasser, Chabot, 2018. Advances in Engineering Software, 117: 107-122. https://doi.org/10.1016/j.advengsoft.2017.06.008

Composite pavement à Vertical crack reaching the interface 2,3

https://doi.org/10.1016/j.advengsoft.2017.06.008


I
IIRolling path

Cold T°C
à 3 materials?

Hot T°C: Ecc>>Eac

Chabot A., Pouteau B., Balay J.-M., De Larrard F., 2008. 6th RILEM CP Int. Conf. (CP2008), CRC Press, 671-681.

Essais Fabac

Bonding ALT analysis of UTW (French Urbain Roads)
Pouteau PhD thesis (2004) - https://hal.science/hal-04227042
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Interface or 
Interphase?

Why? When?



French Climate evolution (water)

https://www.drias-climat.fr/document/rapport-DRIAS-2020-red3-2.pdf
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4pt Bending tests in Water & UTW Specimen 
Hun PhD thesis (2012) https://theses.hal.science/tel-00851093

Type I-PT-6-3
aar = 51 mm

aav = 70 mm

Essai sous eau
Type I-PT-6-3

aar = 51 mm

aav = 70 mm

Essai sous eau

Temps d’immersion = 1 h30

Chabot, Hammoum & Hun, 2017. EJECE, 21 (sup1): 54-69. doi: 10.1080/19648189.2017.1320237 
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(0,7 mm/min) ~20°C

https://theses.hal.science/tel-00851093
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WST (2 mm/min) in water

14-CE22-0019 (France)

Gharbi, Chabot, Geffard, Nguyen, 2022, RILEM BookSeries, 27: 263-269, doi.org/10.1007/978-3-030-46455-4_33 

WST in Water & AC specimens
Gharbi PhD thesis (2018) https://www.theses.fr/2018ECDN0037
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What about add. boundary condition effects?
            Cities à Pavement inclusions  (such as eRoads, vegetation, …)

Vincennes

32/35

Nantes

https://contrevues.paris/wp-content/uploads/2019/09/synthese-des-travaux-de-sun_compressed.pdf



Conclusion / Prospects



1/3: Interface Debonding & Pavements

Which Pavement model to use for which purpose?
Need of data coming from field (Loads & T°C & Water, Materials, Geometries)
Mixed-mode & “pure Mode” failure criteria required for debonding

2/3: Characterization of interface resistance up to failure

Repeated testing required for heterogeneous materials (sizes?)
Tests with ≠ T°C with and without water effect
Tools: DIC; Damage/delay modeling (CZM)… but what about 3D?

3/3: Urban Heat Island Pb

Need to work with urban planning researchers 
 Multi-materials ; Multiple loadings… Boundary conditions?
 

Conclusion / Prospects
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2021



Armelle Chabot
MAST-LAMES (Campus de Nantes)
https://www.univ-gustave-eiffel.fr/

Thank you for your attention!


