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MOTIVATION

Reality Lab data

NN

' Modelling |

o

Objective: Engineer tools
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Reality
What kind of crack is expected?
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Historique:

eConstruction de la pIanche. 19 septembre 2001
ePremiere auscultation : fin octobre 2001
eDeuxiéme auscultation (avec BBTM) : juillet 2002
eMise en circulation : 4 septembre 2002
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Real experimental test - RN4

[Pouteau et al., 2003]
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D e APT of LCPC-Nantes

des Ponts et Chaussées
4 trains de roulement (Jumelages ou roucs simples) —— p Chainc d'entrainement
montés sur bes 2 chaines

Chassis fixe

-

T Motcar
électrique

t— Barbotin

Paralldlogramme déformable support des
Squipements mobilcs
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The ways it goes... (crack deviation angle?...)
[Marchand, 1984] [Goacolou, 1989]
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Pavement modelling needs!
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I s Q1. Which Model? -> Tool for engineers:
ral - Evaluation of cracked pavements
- Design solution for rehabilitation

T
Gt
s O-T
— 4
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mdesPontseIChaussées First response:
Comparison between 2D and 3D modelling

— 0,,(x0) M4-Boussinesq-3D
= =+ 0, (X.0) M4-Boussinesq-2D |

MPa
N &~ -
Az--":—-

_2. i ; 1 s i l 4
0 a 05 1 15 2 25 3
X (m)
2D-3D ?
- differences of value
- differences of shape
— needs 3D information
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m- sare s Second question: Criteria ?
Homogeneous material L 8Ep (g, u, a)
B 6(5,5)=- Fr\ O 22)
e (Ve 0 (9 oa
. J JANGAN J 1n\)

Nous ne Pbuvons pas afk&ie? (Graage.

Uz, ) =U(O0) + kriu(f) +---

The critical value k. depends on the opening w of the notch, it must be experimentally determined. The
factors k and k. are strongly dependent of the singularity and in particular of the exponent A Units for

For bi- material, it is worst, A can be a complexe field
¢ Point stress?
Ei, v
\ ¢ Average stress?
/ ¢ Energy release rate -> fatigue...: Paris
law?

Ey, v»
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ra Lab data

3 scales: bitumen, asphalt materials, structural -> interface data
between materials

BB 0-14
A. Chabot RILEM TC-CAP annual meeting — Oct. 12- 13 2006, Champaign 13/35
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— Investigations in different scales
m Bitumen E. Chailleux, De L. Roche, F. Hammoum,

PhD: Maillard, Beghin, Nguyen, ....

(Maillard, 2005)
(Maillard et al. EATA2004)
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C Laboratoire Central ° ° ° °
d—p——%h— Investigations in different scales

Asphalt material

(Bodin, 2002])

BB 0-14 ,
(Bodin et al., ASCE/ JEM 2004)
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LahoratoireCentraI InVQSTigations in differ‘ent Scales
des Ponts et Chaussées c c . .
ral Asphalt material/Bi-material experiments

F1

Vertical
displacem

ls, ® Fd (0

4 Bitummous layer

E — Remforcing complex
Hinge T~ | — Concrete layer

connectons |

| Elastomer Layer

(Florence et al., CP2004)

(Pérez et al., ICEFAII 2006)

Mefisto device

(Pouteau, 2004)

(Pouteau et al.,
materiaux2002)

Bampaign 16/35
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mm .
Choice

from bitumen to structure tests

LCPC OR-Fondephy 2006-2009
in relation
to TG1 and TG2 of TC-CAP...
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:::ﬁg;zngg;;:;m I. For Bitumen -> 3pt bending test (TC-ATB)

F
B # [Chailleux et al., ICAP20061
Iw Standard three points
I | ta bending test I ! ‘ =
s I
Binder Slit Notch Aluminium inserts

Three points bending
test using a non
homogeneous
sample /i
0O 2 6 8

| Needs: 20 of |
I. bifumen J

A. Chabot
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:——::::a:::f::;f;é,s IT. Determination of bituminous mixes

mechanical characteristics for pavement structural design

T~ (tension)—g,c

19

—— Fatigue damage modelling
(Bodin, 2002)(Bodin et al., ASCE/JEM 2004)
Scalar damage model

Oij = (1 — D)C"z’,jklf:kl

Nonlocal integration of the equivalent strain

1 ~
€T = / U(x — s)é(s)ds aveec V,(z) = / U2 — s)ds
Vr(;lf) O i
4|z — s||?
U(z — s) = exp —lqru
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Applica‘tion: fatigue cracking experiments

B8hTM

I . -1 8 8y 8 BB, 12 68| sap |06/07/%0 { )
Cl 40 GRH 40 GRH 40 GRH 40GRH | SHELL | au e

6 5 t 15/07/91

Nb passages 2 731 000 12 731 000 | 27731 000 l 2 731 000

LY seeL ,

N ocer —"_" s 1068 —“- 88831 cqp |48M0f31
c2 AZGW 42.6/4 LOGRH. LeetH| SHELL ou ﬁ-é]t

st . [ N[a2f34 |
Nbpassaqes | A.330 ooo [ 4.330.000 [4.380.000 | A.380.000 '
Material damage modelling (Bodin et al., Eurobitume2004)
ITI ' Rl 1
8884 e ——s age,| uspp [l R
B2 Auc:t‘\ 4068M HOGRA wemn | ELF aw VL
6%
st o :
nle  PFe
M, 3 460 000 | 3440 000 | 3460 ooo | 3 Abo ooo ABfek Ig"
(Achimastos, 1998), Courage project (Hornych and Salaska, 1999)
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»-Prise en compte
des effets

thermiques

du bitume (nature,
teneur)

3 Etude des effets

d'échelle (longueur
caractéristique I.)

A. Chabot

>Etude de l'influence

(Bodin et al., Eurobitume2004)

+ Experimental data . = 100.10% (BB-A)

— uniaxial model peediction (BB-A)
B prediction zone

o

o

BB A

o

o

Effective stiffness / initial stiffness
Effective stiffness / initial stiffness

=

* expenmental data
~ mode] predicticn
I prediction zone

Application: fatigue cracking experiments

& Expenmental data . = [00.10%(BB-B)
— uniaxial model prediction (BB-B)
[ prediction 2one

« expenimental data
— model prediction
B prediction z00e
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What about size effects?
(Bodin et al., RMPD2006)

1 T r I :
---- taille 1/2 —niveau 140 [um/m] B
095 — taille 1—niveau 140 [pum/m] €q- 140 10 6
_Lé ~——- taille 2 —niveau 140 [pm/m]
E 09 l [ taille 0.5
= N e e — taille 1
5 Zogl TN [ = taille 2 ||
2085 2081 NG :
£ - R R NN
2 08 T dost B1Y OTAONG T
£ 0.75 . & 04
et g | N X
_'é 0.7 ) E(u; \“*:‘:'-'-'.'.‘i
é I I ; TNIrI L Mg .-
065 % 05 1 15 2 25 3 35 4
Nombre de cycles N x 10°
O'60 1 2 3 4 5
Nombre de cycle N % 10°
n— | Needs: 7 slabs of asphalt material
(400X600X120mm3) I
s e e ———— ——— E—— E—— E—— T SE——— S S E—— E—— S—— S— S—
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e III. Multi-particle Model of Multi-layer Materials (M4)

(Chabot, 1997) (Chabot & Ehrlacher, 1998)

Simplified modelling for interface stress fields in multi-layered structure

G A;L&AIAA;%&

M4

building method

»Polynomial approximation per layer i in z for sj
»Hellinger-Reissner formulation (Reissner, 1950)

(x!y):O-aS(x’y’hl'Jr)

X

Y Ti,i+1
z TZ> e
VZ,HJ (x’y) =7 (x, ¥, ]1;) \

Layer i+t
y Nip(c3)= [ oup(c.y.z)iz .
Flay Z’:Z;_"Q%)L‘(X?’Y')'—‘fgr‘ﬁag{x;y;z PN !
| MLB(X’Y):f;g(z—*_li)%ﬁ(x,y,Z)dz
> Layer i-] =
)= caaoy
VP (x,y) =03y, h ]

A. Chabot
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LCP C Laboratoire Central o .
m- o Pa e Cravsis M4_5n (5n champs cinématiques) -> Exemple
smn hypothéses déformations planes [Pouteau et al., 2002]
A z
0;(x)
Yo Uﬁﬂ
@; ()
o7 (x)
12 156G, B v i::
i (x) 2(61G2+€2G1) +[ E%e? ]—V12 I(X) A
1 1 I 1 0%
— — F - 00 a1 015 02 0N
+[10G, IOGQJQIQ) 10G, ' i
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C Laboratoire Central ° ° °
——c— Second response: Classical criteria

Monotonic case (for initiation exemple) [caron et al.,
2005]:

Quadratic delam|x]isusAefgstioshs GaDsHicwR Infagsed:

LD
iib1? iit1? ii+]
(F T |4

[¢

4
T, 55 1%

Energy release rate G <7

G

Fatigue case (for propagation) (Pouteau, 2004):
Energy release rate -> Paris law:

da/dN = C(AG)™
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128 . PDJECTIVE ¢ set a laboratory test for evaluation of
yar e solution against reflective cracking

[Pérez et al., ICEFAII 2006]
F1 Fz

—

- -
O xeq t)7 Gyeq(t)7 erq(t)r)
Ox (1)? Oy(t)? wx(t)? => F1(t)?F2(t)?F3(t)?

F1

Vertical
dlsplacemen

|Needs 2 slabs 1
I3 specimens per'|

slab (50x10x10 cm3) |

I —
Mefisto deviceERA d'Autun L. Wendling
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LCPC :abn;ratoireC::tral Cr.aCk|ng ln Pave me nt
s Ponts et Chaussées
ral Application -> Asphalt and/or concrete
pavements

v Mechanical study of bond or
no bond between layers

v'Reflective cracking study

A
=<
iz ]

| o

- O e KL%

+—> A¥ i
‘ Gz
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A. Chabot

MOTIVATION

9
Rea\tlity . # . | Lab data
Modelling /

Goal: Engineer tools
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M4 -Boussinesq model (Tran, 2004)
(chabot et al., BLPC2005)

(see Hoorn TC-CAP TG2 and TG3 meeting in 2005)

T, (xy)
Boussinesq's equations for the half space soil

A. Chabot

N Multi-particle model of multi-
e s i i i aiiiisiiiis | layer materials (M4) (Chabor,
layeri_____ M34_5n equations for pavement fayers_ 1997) :
layer vt _ ..
T (xy) >éPonnom.ic_ll ap]Er'oximcn‘ion
T o i T i b r o o i o171 | perlayeriinzfors
ik ‘ .J “Hellinger-Reissner
Y formulation (Reissner, 1950)
I N
v(xy) L Boussinesq (1885):
Lttt et P LI TL > Andlytical equations

between external forces
and surface displacement

J

RILEM TC-CAP annual meeting — Oct. 12- 13 2006, Champaign
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1LN=1 ad Se N+1N+1

LCP C Laboratoire Central . . |_|_i_i

mm"wm'cha"“ées Numerical solving [Tran, 2004] O]

S y@  lig 1kG)
5 displacements per layer + 3 interface stresses i
X = T[Ual (I)al U31A... Uan (I)an U3n] Yn,n+1 = T[Tan,n-%—l Dn,n+1]
k()

1.1 N+1.1

HARry - BB g O Koy - DD 2 BB K- FER =

J\[.X:/f(z:,y,{’.7))Y"’"+1(£.7])d£d7]
S

GGY™ ! + HHY ™! 4 IIY™™ 4 JJ

Newmark

method

A. Chabot

1

Xy + X151

1

X(i+15) — X(ij)

Difference finite

9 B kir Half Analytic method
Xy + Xajrye _ Xy — Xiy)
2 kjt1

Linear system - use of Matlab software

I-; X = [K; — KoK Ky ' Ky

YV = K KX
RILEM TC-CAP annual meeting — Oct. 12- 13 2006, Champaign
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N/
Ry
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&
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9
57

§ /
® 0FS PONTS T CHAUSSFES
0 3

M4 -Boussinesq model valiaation

(skrinkage) (Tran, 2004)

e;=0.Im E;=9300MPa v; =0.35
e, =0.3m E,=23000MPa v,=0.25
a=12.10" ST =10°C
E;=50MPa v, =0.35

dssom

Couche 1

Sol

MPa

oS \-53(XA0) M4-Boussinesq
i ozz(x.o,-o.d) Cesar-LCPC

0 1 2 3 4 5
x (m)

- riafx,O) M4-Boussinesq
s ou(x.O,—OA) Cesar-LCPC

03 1

A. Chabot

EF 3D (César-LCPC)->2h CPU

> i 4 5
M4-B ->15" CPU
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M4 -Boussinesq model application

—renimmnrde® Alternative concrete pavement

Roue jumelée

Y (Pouteau et al., 2004)
o e Study of bond between Concrete and Asphalt Iaye

de baton Smm
— mmal 3D stress state S
E, = 35000 MPa R ey =0.25 s
Ey = 9300MPa orwwbune Exssmrismpet sen v =0.35 - L B &Y
Es =150MPa Plate forme support : PF2 g =0.35
-02 (Chabot et al., 2004)
MPac r\ MPa 1|
= \'%x,0) Ma-Boussinesq | il #%(:0) Ma-Boussinesa
0.4 0
0.6 : B
0.8 i
151
p
5l
1.2
25}
14+
3 2 1 Gy 1 2 3 % 3 2 TR ] 2 3 4
33
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A Advantage -> iteratiyz problem

Pavement EF M4-Boussinesq model
Problem model ~_

3D problem 3D 2D fields (x,y)
unknowns

(Matlab+2 layers cracked on
a soil

-> 10 times faster than 3D
EF) .

E; = 35000 MPa o, =0.25
E; = 9300MPa crowtiune Epsssmrssin it 3 0, = 0.35
E, = 150MPa Pt forme sippe PF3 v, =035

A. Chabot RILEM TC-CAP annual meeting
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# M4-5nB -> C++ Programrﬁing (Perez, PhD 2003-2006,

Lavigne, PhD 2005-2008)

# Introduce damage and delamination cracks

v N
. {‘s

# Simulate cracks propagation
# water effects

# what about visco-elastic behavior?.....

LCP C Laboratoire Central
m des Ponts et Chaussées

[Bodin, 200
[Bodin et al., VASCE 2004]

~v =

[Pérez et al., ICEFAIT 2006]
[Tamagny et al., CP2004] ILEM TC-CAP annual meeting — Oct. 12- 13 2006, Champaign 36/35
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