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De-icing a road pavement is an important issue in many countries subjected to winter weather condi-
tions that have a strong impact on road maintenance and road safety. The use of salt spreader to
ensure the de-icing of pavements can affect the environment close to the road. Also, devices have been
implemented to heat the road : electric heating, infrared lamps above the road surface, circulation of
a heat transfer fluid in pipes inserted in the road. Under the impulse of the European project R5G
(Road of 5th generation), recent research has been undertaken on heating the road by circulating
a heat transfer fluid within a porous layer of the road. In this communication, in order to design
a road de-icing device by heating, we consider in a two dimensional setting the optimal control of
a parabolic equation with a nonlinear boundary condition of the Stefan-Boltzmann type. Both the
boundary control and the corresponding state are subjected to a unilateral constraint. This control
problem models the heating of a road during a winter period to keep the road surface temperature
above a given threshold. The modeling of the road heating device is performed through the circula-
tion of a coolant in a porous layer of the road. We first prove, under realistic physical assumptions,
the well-posedeness of the direct problem and the optimal control problem. We then perform some
numerical experiments using real data obtained from experimental measurements. This model and the
corresponding numerical results allow to quantify the minimal energy to be provided to keep the road
surface without frost or snow. We refer to [?] for details. The modeling of the heating thanks to the
circulation of a coolant in a bonding porous layer of the road is described in Figure ??.
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Figure4.Schemaofpavementstructurewithitslimitconditions(TfandTearetheinjectiontemperature

ofthefluidandthetemperatureoftheoutsideair,respectively).
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where(ρC)i,λi,φ,(ρC)f,λf,vandKdenotespecificheat,thermalconductivityand

porosityoflayeri,specificheatandthermalconductivityofthefluid,Darcyfluidveloc-

ityalongxaxis(heresupposedtobeuniformwithxandy)andhydraulicconductivity

oftheporousasphalt,respectively.H1andH2representhydraulicheadsimposedup-

streamanddownstreamoffluidcirculatinginporousdrainingasphaltlayer.Westudy

flowcirculationinasaturatedenvironment,whichcorrespondstoH1−H2≥βL.Tde-

notestemperaturefieldinthepavement.Weassumeequalityoftemperaturesbetween

thefluidanddrainingasphaltatanypointinspace.Themodelisdiscretizedusing

afinitedifferencemethod.Attheinterfacesbetweenlayers,conditionsofcontinuity

oftemperatureandthermalflowareimposed.Inthefollowing,ε,σ,Ts,Ratm,α,Rg

andHvdenoteemissivity,Stefan-Boltzmannconstant(5.67×10−8
W/m2

K4
),surface

temperature(o
C),atmosphericradiation(W/m2

),albedo,globalradiation(W/m2
)

andconvectionflux(W/m2
),respectively. AsmentionnedinFigure4,boundaryconditionsarehomogeneousNeumannexcept

fortheupstreamconditionofporousasphaltlayer(x=0,e1≤y≤e1+e2)andthe

roadsurfacecondition(y=0).Forthefirstone,theinjectiontemperatureofthefluid

isimposed:

∀e1≤y≤e1+e2,∀t≥0,T(t,0,y)=Tinj(t).
(2)
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Figure 4. Schema of pavement structure with its limit conditions (Tf and Te are the injection temperature

of the fluid and the temperature of the outside air, respectively).
For 0 ≤ x ≤ L and 0 ≤ y ≤ h, one has:⎧
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where (ρC)i, λi, φ, (ρC)f , λf , v and K denote specific heat, thermal conductivity and

porosity of layer i, specific heat and thermal conductivity of the fluid, Darcy fluid veloc-

ity along x axis (here supposed to be uniform with x and y) and hydraulic conductivity

of the porous asphalt, respectively. H1 and H2 represent hydraulic heads imposed up-

stream and downstream of fluid circulating in porous draining asphalt layer. We study

flow circulation in a saturated environment, which corresponds to H1−H2 ≥ βL. T de-

notes temperature field in the pavement. We assume equality of temperatures between

the fluid and draining asphalt at any point in space. The model is discretized using

a finite difference method. At the interfaces between layers, conditions of continuity

of temperature and thermal flow are imposed. In the following, ε, σ, Ts, Ratm, α, Rg

and Hv denote emissivity, Stefan-Boltzmann constant (5.67 × 10−8 W/m2K4), surface

temperature (oC), atmospheric radiation (W/m2), albedo, global radiation (W/m2)

and convection flux (W/m2), respectively.
As mentionned in Figure 4, boundary conditions are homogeneous Neumann except

for the upstream condition of porous asphalt layer (x = 0, e1 ≤ y ≤ e1 + e2) and the

road surface condition (y = 0). For the first one, the injection temperature of the fluid

is imposed :

∀ e1 ≤ y ≤ e1 + e2, ∀ t ≥ 0, T (t, 0, y) = Tinj(t).
(2)
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Figure 1 – Scheme of pavement structure with its limit conditions (θf , θa are the injection temperature
of the fluid and the air temperature respectively).
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