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ERS Literature Review [5]

3.2. Thermomechanical Models Param. Evaluation

Thermo-Mechanical (ThM) Modelling of
Conductive Electric Road Systems (ERS)

Thermo-Viscoelastic and Thermo-Viscohyperelastic Response under Diurnal Thermal Cycles
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1. CO2 Emissions & Fossil Fuels Dependency 2. Eletric Roads Solutions (Technologies)

3. Experimental vs. FEM Modelling

Fig.2 – Share of renewable energy [4]
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Fig.1 – Transportation Sector GHG emissions [4]
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Fig.3 – ERS Solutions: Electric Vehicles (EVs) use case, specifics and TRL
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Fig.4 – Road Segment with Conductive Rails 

Air Convection Radiation

3.1. Thermal Fatigue Test Prototype

Fig.5 – (a) Specimen Assembly, (b) Geometry/Mesh, and Sensors Map for (c) AC (d) EPDM
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Model Asphalt Concrete (AC) Resin EPDM

v0* Thermal Thermal Thermal

v1 ThermoViscoElastic ThermoElastic (ThE) ThermoElastic

v2 ThermoViscoElastic ThermoViscoElastic ThermoViscoElastic (ThVE)

v3 ThermoViscoElastic ThermoViscoElastic ThermoHyperElastic (ThHpVE)

Table 1 – FEM Models Version Control

+Mech. Coupling

+Viscoelasticity

+Hyperelasticity

4. Results and Discussion
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*Thermal simulations only

Strain error reduced from ~20% (M0) to ~6% (M1);

Thermal deviation ≈4% (validated ThM coupling);

Thermo-Visco-Hyperelastic calibration validated;

Significant Strain due to the ERS/Thermal Cycles;

The properties mismatch governs the diff. strain;

Fig. 8 – Experimental vs. numerical temperature for (a) asphalt concrete (AC) and (b) EPDM

Avg. Divergence Error for M0 (ThVE) of 20%

Avg. Divergence Error for M1 (ThHpVE) of 6%

The refined ThM FEM, reduced strain prediction 

error from ~20% (M0) to ~6% (M1);

Temperature evolution with low deviation (≈4%), 

supporting thermal–mechanical coupling;

The ThM model is a basis for damage assessment.

Fig. 9 – Relative strain for (a) AC and (b) EPDM under thermal heating–cooling cycles Fig. 10 – MAE Strain Response

Eligible to ERS Technologies;

Applied to 70,7% of GHG emissions.

Sources of ThM Alterations:

Traffic Loads (considered negligible [3])

Thermal Effects (daily and seasons [2,3])

Combined Traffic and Thermal

(Cumulative Damage, Unfavorable BCs)
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5. Conclusion

Fig. 11 – Experimental vs. Numerical Data of Relative strain for (a) AC and (b) EPDM under thermal heating–cooling cycles

6. Ongoing Research

Validation in Larger Scale / Pilot Projects

Temperature and Humidity Effects;

Damage Assessment (Advanced FEM and Tomography)

Mazhoud et al., 2025

Experimental Data [1]
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