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1. Introduction 4. Numerical tire modeling

Fine mesh
In a context where road networks are g Kieidrim e
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aging, and where resources for + - o i
maintenance of these networks are

decreasing, It IS Important to better
control and understand the mechanisms Tire modeling in FEM
of degradation of wearing courses In
order to optimize their formulation and
maintenance.  To  Investigate  the Al 1| . . . , _
degradation of the surface layers, a = ' ‘ | /e e
deeper understanding of tire-pavement
Interaction Is Important for the accurate

analysis of load-induced responses of the > R A drastic increase of the longitudinal contact stress

asphalt pavement. Compression test - Tire model parameter identification occurs because of the braking force.

Coarse mesh
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2. Contact dynamics (CD) 5. Tire-pavement interaction 6. Extending work

method Tire driven forces ~ °lme condition (shp k) Asphalt mixture responses at the particle scale
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Implicit method for solving unilateral contact problem | . =Y e leVe 00 platform:
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Pioneered work: =\ L nef a LMGC90
J.J. Moreau, Unilateral contact and dry friction in finite freedom dynamics, in: Nonsmooth Mechanics and 17 ; Free-rolling: k=0 (https://git-xen.
Applications, Springer, 1-98-8, pp. 1-82. _ _ | : - Full-braking: k = -1 |mgC_uniV_ ‘ B 0 2 ;
Contact conditions are non-differentiable | ¢ X montp2.fr/imgc90 ' B Acgresate  Voronoi grain
0 The longitudinal force ( F,) is /Imgc90_user/- b o
generated during the tire acceleration /wikis/home), Asphalt mixture

L, y or braking where the CD
Contact area The longitudinal force of tire method is built-in. Element length =r1b length
acceleration and braking are similar Element width = mesh size Edge rib Mid

Normal: Signorini condition Tangential: Coulomb's condition &Y
Mesoscopic structure of asphalt mixture
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Three types of force

Fez — vertical force
Fex — transversal force
Fey — longitudinal force

Fey I
7 Fex
Fez

Tire-pavement model

M Balance formulations

W =/ p(z,y)dS = F,
I'e

CD method: Contact formulation at velocity level
(), = / qe(x,y)dS = F,
I'e

V +— Dvynamics equation — I

T — | @) =f gy(z,y)dS = F,
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' The contact stresses were converted into the equivalent concentrated Ly=022m

(ad R :
v : Contact laws ? z Contact area --- road ¥+ forces using element shape functions of the FEM calculation. Thickness = 0.04 m
The bottom boundary of the DEM layer was fixed during the simulation.

Implicit time-step frame: Big time step; No stiffness system; ~Inthe DEM

« model, the

Stability; Polyhedron simulation; Rigid/deformable objects. e (@) converted3D

tire-pavement
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Tire contact imprint Lx=0.13m

contact force

Contact mapplngS Interaction v (vertical,
candidate surface model el by o . transverse,

and
longitudinal)
under each
_— : , rib elemer)t
. w0 were applied,
250000 X .
respectively,
on the tire
imprint area.
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Numerical sample Viscoelastic behavior
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Vertical contact stress [Pa
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(a) Contact stress magnitude (b) Vertical contact stress
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