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Introduction

Under the objectives of the European Energy Agency to reduce the CO2 emissions for 2050, electrified Roads (eRoad) are proposed. Among all the proposed idea, one of them is to inductively charge the moving Electric Vehicle (EV). It leads to introduce Charging Units (CU) in one of the top layers of the existing multi-layered structures [START_REF] Rim | The development and deployement of online electric vehicules (OLEV)[END_REF] [START_REF] Chen | Electrification of roads: Opportunities and challenges[END_REF] [START_REF] Pérez | Implementing recharging inductive technology on heavy-duty pavement bringing unlimited autonomy to electrical vehicles[END_REF]). An additional thin layer is then placed to covert the all and to assure a good wheel/pavement contact (Figure 1). But due to severe different moving loads (depending on number of truck axles, speed, lateral wandering effect, etc.) and environmental conditions (temperature, water, freezing, etc), failures between the different materials involved may occur quickly (Petit and Chabot, 2017) [START_REF] Buttlar | State-of-the-Art Report of the RILEM Technical Committee 241-MCD Series[END_REF]. Depending on the ratio of modulus between the different materials, cracking and debonding phenomenon between the CU and the structure is one of the major distress parameters to consider for the durability of such new road concepts (Chabot and Deep, 2018). To first analyse the discontinuities in such composite structure, this paper presents a new development done in the dedicated 2D pavement tool, called M4-5nW [START_REF] Nasser | A half-analytical elastic solution for 2D analysis of cracked pavements[END_REF]. It aims to introduce the change of material (due to the CU location) in one (or several) layer(s) of such eRoad multi-layers. Then, a 2D electrified road application case with or not a vertical crack is illustrated. 

M4-5n development for an eRoad with a built-in CU

The M4-5nW tool is based on the M4-5n for the Multi-Particle Model of Multilayer Materials (M4) with 5n of equilibrium equations (n: total number of layers) and Winkler's Springs (W) for the half space soil. The M4-5n is specially designed to analyse the delamination of composite materials for multilayer bending problems [START_REF] Chabot | Modèles Multiparticulaires des Matériaux Multicouches M4_5n et M4_(2n+1)M pour l'étude des effets de bord[END_REF]. The M4-5n can be viewed as a superimposition, following the vertical coordinate z, of n Reissner plates linked by shear stresses,

, and the normal stress, , at the interface between the consecutive layers i and i+1

(similarly i-1 and i, i ϵ{1,n-1}, α ϵ {1,2}) where ℎ " # and ℎ " $ are the coordinate of the higher and lower face of the layer i respectively (1).
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This modelling reduces the real 3D problem to the determination of plane fields (x, y) per each layer i and at the interface i, i+1, (and i-1, i). Thus, the real 3D (2D) object is transforming into a 2D (1D) geometry. It allows convenient parametric calculations without singularity problems (Chabot and Ehrlacher, 1998) [START_REF] Chabot | Mechanical analysis of a mixed mode debonding test for composite pavements[END_REF]. Each i layer has its own behavioural laws, equilibrium equations and lateral boundary conditions. A vertical crack is easy to introduce into each layer separately [START_REF] Chabot | A simplified modeling for cracked pavements / Modèle simplifié de chaussées fissurées[END_REF].

In the so-called M4-5nW tool developed for 2D plane strain problems, the pavement is chosen equivalent to 3 material layers resting on a soil. The soil is assumed equivalent to a combination of a fictitious layer (shear soil layer) ensuring the transfer of shear stresses between the pavement multilayer and Winkler's Springs (W). In that case, a series of M4-5nW equation manipulations lead to the writing of a second-order differential system of twelve analytical equations depending only on one variable, "x" (Nasser and Chabot, 2018) (2). . 𝐴𝑋 55 (𝑥) + 𝐵𝑋 5 (𝑥) + 𝐶𝑋(𝑥) = 𝐷𝑌 ;,( < (𝑥) + 𝐸𝑌 >,? < (𝑥) + 𝐹𝑌 ;,( (𝑥) + 𝐺𝑌 >,? (𝑥)

τ α i,i+1 (x, y) ν i,i+1 (x, y) The matrices [A]12x12, [B]12x12, [C]12x12, [D]12x2, [E]12x2, [F] (2) 
12x2 and [G]12x2 depend solely on the geometric and mechanical parameters of the equivalent elastic problem. The first order M4-5nW unknowns 𝑈 ( 2 (𝑥), 𝑈 0 2 (𝑥) and 𝜙 " (𝑥) are, respectively, the average in-plane displacements, average outof-plane displacements and average rotations of the layer i (𝑖 ∈ [START_REF] Buttlar | State-of-the-Art Report of the RILEM Technical Committee 241-MCD Series[END_REF][START_REF] Chabot | Mechanical analysis of a mixed mode debonding test for composite pavements[END_REF]) written as follows (3): 
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Following several previous works [START_REF] Chabot | A simplified modeling for cracked pavements / Modèle simplifié de chaussées fissurées[END_REF], the 2D tool solves semi-analytically the equations using the Newmark discretization (4).
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To test if the M4-5nW could be a convenient tool for the parametrical study of material inclusions in eRoads with possible macro cracks between materials, it is here proposed to analyse the elastic stress distribution around the charging box for the 2D plane strain example of Chen's PhD works [START_REF] Chen | Electrification of roads: Opportunities and challenges[END_REF][START_REF] Chen | Towards an understanding of the structural performance of future electrified roads: a finite element simulation study[END_REF]. Due to the symmetry of the problem, only the half cross geometry is studied (Figure 2). A "b" index notation, for the points of layers 2 and 3 containing the box inclusion, is used. In Zone 3 of Figure 2, the moving load q(x) describes the vertical and uniform load distribution from the tyre contact. The boundary condition at the upper interface (0,1 index) are then given in (5).
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for x ∈ [𝑙 h + 𝑙 i , 𝑙 h + 𝑙 i + 𝑙 j ] (5) 
Considering 𝐸 k , as the Young's modulus of the soil, the boundary condition at the bottom of the multilayer, interface 4,5 index, provides the connection between the shear layer and the Winkler foundation (with f, a correction factor, equal to 0.83 for a multilayer) (Nasser and Chabot, 2018) [START_REF] Chen | Electrification of roads: Opportunities and challenges[END_REF].
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According to [START_REF] Chabot | A simplified modeling for cracked pavements / Modèle simplifié de chaussées fissurées[END_REF], the M4-5n boundary conditions at x=0 and x=l describing the fixed boundary on the both ends (Figure 2), are provided through equation ( 7):
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; 𝑖 ∈ [1,4] (7) 
The Zone I, introduced in the M4-5nW tool, pertains to the CU location in layers nos. 2 and 3 of the structure (Figure 2). Since the CU box is made of a different material than the layer materials, the matrices of both Zone 1 (𝑥 ∈ [0, 𝑙 h ]) and outside (𝑥 ∈ [𝑙 h , 𝑙])) differ (with the "b" index notation) in the second-order differential system function of the variable "x" (2). The continuity equations for displacement and rotations at (𝑥 = 𝑙 h ) are then used according to equations ( 8), ( 9) and [START_REF] Nasser | A half-analytical elastic solution for 2D analysis of cracked pavements[END_REF].
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The two interfacial behaviour relationships at interface i, i+1, as given in Equations ( 11) and ( 12) [START_REF] Chabot | Modèles Multiparticulaires des Matériaux Multicouches M4_5n et M4_(2n+1)M pour l'étude des effets de bord[END_REF], are then used to derive the continuity relationship between the two interfacial unknowns present due to the material discontinuity of the CU in layers 2 and 3.
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𝑒 "#( 𝐸 "#( 𝜈 "#(,"#U (𝑥) + 13 35 ƒ 𝑒 " 𝐸 " + 𝑒 "#( 𝐸 "#( " 𝜈 ","#( (𝑥) [START_REF] Rim | The development and deployement of online electric vehicules (OLEV)[END_REF] In subtracting Equation ( 12) at point x = lb and using Equation ( 9), Equations ( 13) to (15) are obtained for the three interfaces affected by the presence of the CU (between layers 1 and 2, then between layers 2 and 3 and lastly between layers 3 and 4) (Figure 2).
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Similarly, by subtracting Equation [START_REF] Pérez | Implementing recharging inductive technology on heavy-duty pavement bringing unlimited autonomy to electrical vehicles[END_REF], at x = lb and using Equations ( 8) to (10), a system of the three additional equations is obtained to assure the continuity of the interface shear stresses of the three interfaces involved. The system can thus be solved numerically given that all the boundary, continuity and interface conditions have been formulated and defined for this eRoad inclusion problem.

2D case results

To illustrate the results, the interfacial normal stresses are drawn for several elastic pavement structure cases (Figure 3). The load characteristics as well as the box dimension and layer thicknesses are given on Figure 1. The solutions are obtained using a uniform discretization (mesh width of 20mm) of the variable "x" and approximations around the changes of Zone 1 and 2 (Chabot and Deep, 2018). The soil model has been adapted with E s =160MPa ( 6) and (E 4 =270MPa, 𝜐 > = 0.35) in order to fit Chen's result [START_REF] Chen | Towards an understanding of the structural performance of future electrified roads: a finite element simulation study[END_REF]. These equivalent soil values are kept for all the results presented here after. The prefabricated CU is supposed been made with a cement concrete material (E b2 =E b3 =30000MPa; 𝜐 •U = 𝜐 •0 = 0.25) (Figure 2). For each case, a flexible pavement (purple curves with 𝜐 ( = 𝜐 U = 𝜐 0 = 0.35 𝑎𝑛𝑑 𝐸 ( = 𝐸 U = 𝐸 0 ) with the assumption of the presence of a vertical crack between the CU and the layer is compared to a perfect bonded composite pavement made of a cement concrete for layers 1 and 2 with the same characteristic that the CU inclusion (𝐸 ( = 𝐸 U = 30000MPa, 𝜐 ( = 𝜐 U = 0.25 ) casted on an asphalt layer with 𝐸 0 ≠ 𝑎𝑛𝑑 𝜐 0 = 0.35. to -0.2, see Figure1), the higher the intensity of the interfacial normal stresses are between layers 1 and 2. In addition, the highest the asphalt modulus of the flexible pavement is (E BBSG (15°C)= 5400MPa, E GB3 (15°C)= 9300MPa), the highest the interfacial normal stress, between layers 1 and 2, is. Although it is reducing the ratio of modulus between layers 2 and 3 in case of the composite pavement structure.

Conclusion

In order to adapt pavement structures into eRoads with CUs that inductively charge the moving Electric Vehicle, pavement durable solutions in terms of material and structure need to be found. Due to change of materials between the inductive box inclusion and the layers, debonding phenomenon between those may occur quickly and under such condition, it is one of the major distress parameters to study for pavement structures. In that aim a new development that introduces material discontinuity in one or several layers have been done in an alternative modelling tool, called the M4-5nW. To contribute to this energy transition period, the tool offers quick parametric mechanical study possibilities.
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 1 FIG. 1 -A half cross-sectional geometry of an eRoad with an inductive CU (After Chen et al., 2019)
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 2 FIG. 2 -M4-5nW equivalent eRoad model of half the cross-sectional geometry (After Chabot and Deep, 2018)
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 3 FIG. 3 -Interfacial normal stress comparison between the various cases: (a) BBSG (40°,𝐸 0 = 1000𝑀𝑃𝑎, w=0); (b) BBSG (40°, w=-0.2); (c) BBSG (15°C, w=-0.2) ; GB3 (15°C, w=-0.2)