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Effect of different platoon configurations on strains and fatigue performance of flexible pavements

This paper presents part of the studies developed in the European project ENSEMBLE. ENSEMBLE main objective is to pave the way for adopting multibrand truck platooning in Europe to improve fuel economy, traffic safety, and throughput. The first part of the paper describes the validation of a numerical model, using the software ViscoRoute 2.0, based on comparisons with experimental results obtained from a test section subjected to the pass of 3 human-driven trucks simulating a platoon configuration. The numerical model is then used to predict the maximum and accumulated strains produced by the passage of each truck on the same test section at two different temperatures, 15°C and 35°C, when the following platoon parameters are varied: (1) inter-truck time gap, (2) truck speed and (3) lateral deviation (wandering). The results confirm that the proper control of these parameters can help to keep the same level of fatigue damage as with trucks in individual configurations. In this way, the environmental, social and economic benefits of platooning can be attained without compromising the existing pavement structures.

Introduction

The deployment of truck platooning is one of the strategies supported by the European Union Horizon 2020 programme, regarding sustainable development. The benefits associated with platooning include better road safety, optimisation of road capacity and asset utilisation, and reduction of emissions, fuel consumption and labour costs [START_REF] Alam | Heavyduty vehicle platooning for sustainable freight transportation: A cooperative method to enhance safety and efficiency[END_REF][START_REF] Bhoopalam | Planning of truck platoons: A literature review and directions for future research[END_REF][START_REF] Bonnet | Fuel consumption reduction in a platoon: Experimental results with two electronically coupled trucks at close spacing[END_REF][START_REF] Eilers | COMPANION-Towards Co-operative Platoon Management of Heavy-Duty Vehicles[END_REF][START_REF] Gungor | One for all: Decentralized optimization of lateral position of autonomous trucks in a platoon to improve roadway infrastructure sustainability[END_REF][START_REF] Gungor | All for one: Centralized optimization of truck platoons to improve roadway infrastructure sustainability[END_REF][START_REF] Hoque | Highway Cost Analysis for Platooning of Connected and Autonomous Trucks[END_REF][START_REF] Humphreys | An Evaluation of the Fuel Economy Benefits of a Driver Assistive Truck Platooning Prototype Using Simulation[END_REF][START_REF] Janssen | Truck Platooning Driving the future of Transportation[END_REF][START_REF] Konstantinopoulou | Specifications for Multi-Brand Truck Platooning[END_REF][START_REF] Ladino | Cross-Platform Simulation Architecture with application to truck platooning impact assessment[END_REF][START_REF] Lammert | Effect of Platooning on Fuel Consumption of Class 8 Vehicles Over a Range of Speeds, Following Distances, and Mass[END_REF][START_REF] Noorvand | Autonomous vehicles: Assessment of the implications of truck positioning on flexible pavement performance and design[END_REF][START_REF] Robinson | Operating platoons on public motorways: An introduction to the SARTRE platooning programme[END_REF][START_REF] Suzuki | A new truck-routing approach for reducing fuel consumption and pollutants emission[END_REF][START_REF] Thunberg | Vehicle-to-Vehicle Communications for Platooning: Safety Analysis[END_REF][START_REF] Tsugawa | Results and issues of an automated truck platoon within the energy ITS project[END_REF][START_REF] Tsugawa | A review of truck platooning projects for energy savings[END_REF].

From the point of view of vehicle manufacturers and transport companies, the best results in terms of fuel consumption reduction, aerodynamic improvements, road safety benefits and reduction of traffic congestion are obtained with reduced wander patterns between trucks, reduced inter-truck distances and improved control of the reduced reaction times [START_REF] Bhoopalam | Planning of truck platoons: A literature review and directions for future research[END_REF].

In these conditions, trucks in platoon configuration lead to new loading conditions for pavement structures, characterised by (1) multiple loads passing in a reduced time over the pavement, (2) reduced lateral wandering of the vehicles forming the platoon and therefore load channelization [START_REF] Chen | Assess the impacts of different autonomous trucks' lateral control modes on asphalt pavement performance[END_REF][START_REF] Chen | A lateral control scheme of autonomous vehicles considering pavement sustainability[END_REF][START_REF] Gungor | One for all: Decentralized optimization of lateral position of autonomous trucks in a platoon to improve roadway infrastructure sustainability[END_REF][START_REF] Gungor | Wander 2D: a flexible pavement design framework for autonomous and connected trucks[END_REF][START_REF] Gungor | All for one: Centralized optimization of truck platoons to improve roadway infrastructure sustainability[END_REF][START_REF] Marsac | Optimization of truck platoon wander patterns based on thermoviscoelastic simulations to mitigate the damage effects on road structures[END_REF][START_REF] Noorvand | Autonomous vehicles: Assessment of the implications of truck positioning on flexible pavement performance and design[END_REF][START_REF] Rana | Simulation of autonomous truck for minimizing asphalt pavement distresses[END_REF][START_REF] Song | Organization of autonomous truck platoon considering energy saving and pavement fatigue[END_REF][START_REF] Zhou | Optimization of Lateral Wandering of Automated Vehicles to Reduce Hydroplaning Potential and to Improve Pavement Life[END_REF] and (3) reduced inter-truck distances between the trucks in the platoon, which may hinder the self-healing capacity of asphalt concrete materials [START_REF] Gungor | Development of adjustment factors for MEPDG pavement responses utilizing finite-element analysis[END_REF][START_REF] Gungor | One for all: Decentralized optimization of lateral position of autonomous trucks in a platoon to improve roadway infrastructure sustainability[END_REF][START_REF] Gungor | Wander 2D: a flexible pavement design framework for autonomous and connected trucks[END_REF][START_REF] Gungor | All for one: Centralized optimization of truck platoons to improve roadway infrastructure sustainability[END_REF].

In this context, the European Commission launched in 2018 a 3-year H2020 research project called ENSEMBLE. The objective of ENSEMBLE is the integral

Research Plan

Phase 1: Experimental Campaign

The first phase of the study consisted in performing full scale tests on an instrumented pavement section, to measure its response under the passage of trucks in individual and platoon configurations. The experimental section was built on the test track facilities of Applus IDIADA in Tarragona, Spain, commonly used to provide design, testing, engineering and homologation services to the world's leading vehicle manufacturers.

As shown in Figure 1, the test section has a pavement structure composed of 25 cm of asphalt layers (4 cm thick wearing course, 6 cm thick binder course and 15 cm thick base course), placed over an unbound granular layer. According to European standard UNE-EN 13108-1 for asphalt mixture classification, the types of asphalt mixtures are respectively: AC 22 G (G-20), AC 22 S (S-20), and AC11 surf (D12). The mixtures were manufactured with a polymer-modified binder type PMB 45-80/65 according to UNE-EN 14023, reaching densities of 2.38 to 2.39 g/cm3 and air void contents of 4.7% to 6.8%.

The instrumentation installed in the test section comprises 24 strain gauges, placed at 10 cm and 25 cm depth below the pavement surface. These depths correspond to the bottom of the binder course and of the base course, and represent critical levels for the evaluation of the fatigue damage of the asphalt pavement layers. The strain gauges are placed transversally (6 at each depth) and longitudinally (6 at each depth) relative to the direction of traffic, to evaluate the transversal and longitudinal strains at both depths.

Since the tests were done at the beginning of the ENSEMBLE project, the platooning truck configuration used during testing consisted of three 5-axle humandriven semitrailer trucks, separated by an inter-truck time gap of 0,8 s. The truck's lateral deviation was monitored during testing by measuring the distance between a reference line along the safe guard of the test section and the right tire of the steer axle ISAP 2022 Conference of each truck. The corresponding measurements were done using a laser distance measurement system installed in the right side of the road lane and reflective discs attached to the right steer axle of each truck. All the vehicles were loaded to the maximum loads allowed in Europe (40 to 48 ton) (European Commission Directorate General Transport, 2001).

The results and main findings obtained in the experimental were used for the validation of a pavement response model (Leiva-Padilla, Blanc, Hammoum, et al., 2022;[START_REF] Leiva-Padilla | The Impact of Platooning action on asphalt Pavement: Monitoring on site[END_REF][START_REF] Leiva-Padilla | Comparison of the response of an instrumented pavement section under individual and platoon truck loading[END_REF][START_REF] Leiva-Padilla | Assessment of platoon axle loads on road infrastructure[END_REF] which was then used as base for the development of the parametric analysis described in the present paper.

Figure 1. Test section: Pavement structure and instrumentation. Sketch based on the studies: (Leiva-Padilla, Blanc, Hammoum, et al., 2022;[START_REF] Leiva-Padilla | The Impact of Platooning action on asphalt Pavement: Monitoring on site[END_REF].

Phase 2: Modelling of platoon loading and parametric analysis

The modelling of the pavement response, under platoon loading, was performed using a visco-elastic model, based on the software ViscoRoute 2.0, developed by Université Gustave Eiffel [START_REF] Chabot | ViscoRoute 2.0 A: Tool for the Simulation of Moving Load Effects on Asphalt Pavement[END_REF]. This model was presented in detail in previous studies done by the authors (Leiva-Padilla, Blanc, Hammoum, et al., 2022;[START_REF] Leiva-Padilla | The Impact of Platooning action on asphalt Pavement: Monitoring on site[END_REF].

ViscoRoute 2.0 is a semi-analytical software, developed to simulate the 3D mechanical response of multilayer pavements under loads moving at constant speed [START_REF] Chabot | ViscoRoute 2.0 A: Tool for the Simulation of Moving Load Effects on Asphalt Pavement[END_REF]. To say it in a simple way, the solving method in this software consist in deriving the equations of elastodynamics in the moving frame attached to the loads, expressing and solving the problem in the wave number domain prior to computing the solution in the spatial domain by inverse Fast Fourier Transform (FFT) and paying special attention to the integrable singularities. The effect of any loading configuration on a pavement, including single and dual wheels, tandem or tridem axles or even a whole truck can be analysed by using ViscoRoute 2.0. In this software, an elementary load pattern is defined as a force (horizontal or vertical) distributed over a circular or rectangular area resulting in a uniform pressure distribution at surface of the Strain gauges KM-100HAS gauges 5 ISAP 2022 Conference pavement, under this area. A tire imprint can thus be represented considering a single elementary load or several of them of different magnitude put side by side for a closer representation of a nonuniform tire/pavement contact pressure. Then, depending on the actual loading configuration to be applied on the pavement (axles tandem, tridem, etc.), several tire imprints can be added to compose the input load data to the computation.

In this program, each layer is assumed isotropic homogeneous and has a behaviour that can be either linear elastic (usually the case for subgrade and unbound layer) or thermo-viscoelastic (case for asphalt concrete materials). The latter is represented in ViscoRoute 2.0 according to the Huet-Sayegh model [START_REF] Huet | Etude par une méthode d'impédance du comportement viscoélastique des matériaux[END_REF][START_REF] Huet | Coupled size and boundary-condition effects in viscoelastic heterogeneous and composite bodies[END_REF][START_REF] Sayegh | Contribution à l'étude des propriétés viscoélastiques des bitumes purs et des bétons bitumineux[END_REF] which is well adapted and extensively used for modelling bituminous materials.

As shown in Table 1, the schematic representation of this rheological model is composed by two branches. The first branch is composed by one spring and two parabolic dampers settling the viscous properties of the model, which depend on the load frequency (𝜔) and temperature (𝜃). The second branch is composed by a spring and represents the long-term static behaviour of the model response. These model components are described by the five viscoelastic and the three thermal coefficients shown in the same Table . For a given asphalt material, these coefficients are usually calibrated in the frequency domain by fitting the Black and Cole-Cole representation of the Huet-Sayegh model with that stemming from complex modulus tests performed at several frequency and temperature conditions. * 𝑗 for the representation of the complex components for 𝑗 2 = -1.

Finally, ViscoRoute 2.0 can be run for full-bonded or slip interface conditions [START_REF] Chupin | Influence of sliding interfaces on the response of a layered viscoelastic medium under a moving load[END_REF] between the pavement layers. These are the basic conditions usually considered in pavement modelling. However, as reported in recent research [START_REF] Attia | Behaviour of an interface between pavement layers obtained using Digital Image Correlation[END_REF][START_REF] Duong | Continuous strain monitoring of an instrumented pavement section[END_REF], the interface behaviour between asphalt layers can be more complex and depend on temperature for instance. Particularly for the purpose of this study, it was necessary to represent an intermediate condition between ISAP 2022 Conference full-bonding and slipping. This was achieved by modelling the contact behaviour between asphalt layers through a thin viscoelastic layer of finite thickness (2 mm) that was assigned the mechanical properties of a tack coat emulsion (Huet-Sayegh constitutive law).

Figure 2 shows the loading case used in ViscoRoute 2.0 to validate the model. This loading corresponds to a platoon passage with a lateral deviation close to 0 cm (-0,09 m for truck 1, -0,05 m for truck 2 and -0,06 m for truck 3 at 40 km/h and -0,06 m for truck 1, -0,04 m for truck 2 and -0,05 m for truck 3 at 80 km/h). The square load areas used in the model characterize the loads measured during testing for each tire and the corresponding area width, function of the type of tire. The distances between axles were measured for each vehicle and the inter-truck distances were calculated by converting the 0,8 s inter-truck time gap into equivalent distances, function of vehicle speeds. Hammoum, et al., 2022;[START_REF] Leiva-Padilla | The Impact of Platooning action on asphalt Pavement: Monitoring on site[END_REF].

The development of the visco-elastic model, and the comparisoons with in-situ measurements are described in detail in previous papers (Leiva-Padilla, Blanc, Hammoum, et al., 2022;[START_REF] Leiva-Padilla | The Impact of Platooning action on asphalt Pavement: Monitoring on site[END_REF]. The ViscoRoute 2.0 calculations were performed with asphalt layer viscoelastic parameters determined from laboratory complex modulus tests. For modelling of pavement interlayers, different assumptions were made: fully bonded, sliding, or interlayers described by thin viscoelastic layers). The comparisons with the experimental strains indicated that the best predictions were obtained using 2 mm thin viscoelastic fullybonded interlayers, characterised by typical Huet-Sayegh parameters of a tack coat emulsion. Figure 3 

Data analysis

Effect of inter-truck time gaps

After validation, the model was used to simulate the effects of different inter-truck time gaps, truck speeds and the introduction of 30 cm of wandering (0 cm of lateral deviation for truck 1, -15 cm for truck 2 and +15 cm for truck 3). The calculations were performed for two pavement temperatures, 15°C and 35°C. Figure 4 shows an example of the transverse strain values calculated when a 3-truck platoon is traveling at 80 km/h and the inter-truck time gaps are 0.5 s, 2.0 s and 3.5 s, for the conditions with and without a lateral deviation of ±15 cm (a wandering of 30 cm). The results indicate that increasing the inter-truck time gaps and for a wider wandering, could be an option to reduce the transverse strains generated by fully-loaded trucks in platoon formation at the bottom of the asphalt layers. They also indicate that the effects of platoon loading (strain increase under multiple trucks, effect of inter-truck time gaps) are much more important at high temperature (35 °C). Figure 5 and Figure 6 show the maximum transversal tensile strains and the accumulated transversal strains calculated at the bottom of the asphalt layers during and after the passage of the platoon. The results are presented for two truck speeds, 40 km/h and 80 km/h and indicate that:

• The effect of pavement temperatures on the maximum and accumulated strains is very important. The maximum transverse strain values obtained at 35°C are 4 to 6 times higher than those obtained at 15°C, depending on the truck speeds and wandering values. This is explained by the sensitivity of the behaviour of the asphalt material to temperature. • The impact of platoons is also more important at high temperature. At a temperature of 15 °C, the maximum strains under the second and third trucks are very close to those under the first truck. At 35 °C, on the contrary, maximum strains increase under the second and third truck, indicating an accumulation of strains under the successive truck passages, due to viscoelastic behaviour. • Increasing the inter-truck time gaps in the platoon leads to a notable reduction of the accumulated transversal strains. This means that a longer recovery time is beneficial for the asphalt materials. The maximum transverse strain are reduced only at 35°C. For example, for the results presented: o At 35°C and 40km/h the accumulated strain values are reduced by 62% to 73% when the inter-truck time gaps are increased from 0.5 s to 3.5 s. o At 35°C and 40km/h, the maximum strains for truck 3 decrease by about 14% when the time gap passes from 0.5 s to 3.5 s. At 15°C for the same speed, passing from 0.5 s to 3.5 reduces the maximum strain values. By only 1 to 2% • The introduction of a lateral deviation (wandering patterns) appears as an efficient solution to reduce the damaging effect of platoons. The inclusion of a lateral deviation increases the loaded area, optimizing the use of the pavement surface. For example, for the results presented: o A lateral deviation of -15 cm for truck 2 and +15 cm for truck 3, which means a total wandering pattern of 30 cm width in the convoy passing at 80 km/h, leads to a reduction of about 16% of the maximum strain values for truck 2 and 14% for truck 3 at 35°C. The accumulated strains are reduced by about 5% for truck 2 and 2% for truck 3 at 35°C. The percentage of strain recovery achieved after the passage of each truck forming the platoon was calculated using Equation 2. The corresponding values are shown in Figure 7. For all the cases, the strain recovery was calculated using the strain levels already presented in Figure 5 and Figure 6. The results in this case indicate that:

(1) Higher percentages of recovery are obtained at 15°C. This can be explained by the thermoviscoelastic behaviour of the asphalt materials, which leads to higher irrecoverable strains at high temperatures. For example, in this case when the temperature increases from 15°C to 35°C, for zero wandering and 80 km/h, the percentage of recovery is reduced by about 5% to 30% (depending on the time gap). • The percentages of recovery at 80 km/h are slightly higher than the ones obtained at 40 km/h (about 1% to 6% higher at 15°C and 1% to 13% higher at 35°C). This is due again to the visco-elastic behaviour. • As expected, higher percentages of recovery are achieved when the inter-truck time gaps increase. For example, passing from a time gap of 0.5 s to 3.5 s at 35°C for a zero wandering and 80 km/h can increase the percentage of recovery by about 21% to 28%. • At 35°C, the percentages of recovery at 80 km/h, with the inclusion of 30 cm of wandering, seem to be slightly reduced in comparison to the condition without wandering. This effect could be due to the fact that the maximum transverse (2)

Figure 7. Percentage of recovery of the accumulated transverse strain.

Number of equivalent axles

The different simulations presented in the previous section consisted in predicting the maximum tensile strains at the bottom of the pavement base layer (and also the accumulated strains). These maximum tensile strains can be used to estimate the fatigue life of the pavement, for the different platoon loading conditions. According to the French Pavement design method (SETRA-LCPC, 1997), the fatigue life of an asphalt pavement can be predicted using the fatigue model defined by (Equation 3) .

(3) With: 𝜀(𝑁𝐸, 𝜃 𝑒𝑞 ): tensile strain leading to fatigue failure after 𝑁𝐸 load cycles, for an equivalent temperature 𝜃 𝑒𝑞 . 𝜀 6 (10 °𝐶, 25 𝐻𝑧): parameter of the fatigue law corresponding to the tensile strain leading to failure for 10 6 cycles, at a temperature 𝜃 = 10°𝐶 and a frequency 𝑓 = 25𝐻𝑧. b: exponent of the fatigue law. E (10°C, 10 Hz): norm of the complex modulus of the material at 10°C and a frequency of 10 Hz. E (eq, 10 Hz): norm of the complex modulus of the material at a temperature eq and a frequency of 10 Hz. (2) ISAP 2022 Conference

The parameters of the fatigue law, 𝜀 6 (10 °𝐶, 25 𝐻𝑧) and b are determined by strain-controlled two point bending fatigue tests, generally performed at 10 °C and 25 Hz. For the calculations presented in this paper, typical recommended values of these parameters, corresponding to a French base course asphalt material have been used. These values are 𝜀 6 = 90 strains and b = -0.2.

Equation 3 can be used to calculate the number of equivalent axle loads NE leading to fatigue failure, for a tensile strain level 𝜀(𝑁𝐸, 𝜃 𝑒𝑞 ).

Here, calculations of the number of equivalent axle loads NE leading to failure were performed for a truck speed of 80 km/h and a lateral deviation of zero or ±15 cm. Furthermore, Equation 3 was adapted in order to calculate the number of equivalent axle loads corresponding to the loading of individual trucks (Equation 4) and to the loading of platoons (Equation 5).

(4) Individual trucks

(5) Platoons

In these equations: 𝜀 𝐴𝑥 (𝑁𝐸, 𝜃 𝑒𝑞 , 𝑓) and 𝜀 𝑇𝑟𝑢𝑐𝑘,𝐴𝑥 (𝑁𝐸, 𝜃 𝑒𝑞 , 𝑓): maximum tensile strains for each axle of each truck in individual and platoon configuration, 𝑁 𝑇𝑟𝑢𝑐𝑘𝑠 : number of trucks in the platoon, 𝑁 𝐴𝑥 is the number of axles of each truck (here NAx = 5).

Figure 8 presents the results of the fatigue calculations, considering a platoon of 3 trucks, a speed of 80 km/h, two temperatures (15 °C and 35 °C), and 3 inter-truck time gaps (0.5, 2 and 3.5 s). The results are presented in terms of fatigue life (number of equivalent axle loads to failure NE). They indicate that:

• Truck platooning generally reduces the fatigue life of the pavement (number of equivalent axle loads to failure NE) in comparison with trucks circulating in individual configuration. The fatigue life reduction is less important at low temperature, and decreases when the inter-truck time gap increases. For example, at 15°C, with an inter-truck time gap of 3.5 s and zero wandering the reduction of NE is only of 5% for the platoon configuration. In comparison, at 35 °C, and with a smaller time gap of 0.5 s, the fatigue life reduction can be as high as 54 % for the platoon configuration. • Including 30 cm of wandering in this case can increase the NE for both trucks in platoon and individual configuration. • Comparing only the platooning situation, including a lateral wandering can reduce significantly the impact of the platoon. For example, including a wandering of 30 cm in a 3-trucks platoon for a pavement temperature of 15°C, can increase the NE from 5.25E+07 to 1.63E+08, which represents an increase by approximately a factor of 3. 

Conclusions

This paper presents part of the results of the ENSEMBLE project, dealing with the evaluation of the impacts of platooning trucks on pavement structures. The parametric study presented in this paper is mainly focused on the characterisation of the transverse strains and fatigue performance of a pavement structure when varying the inter-truck time gaps and the lateral wandering of a specific truck platoon configuration. The parametric study was based on a viscoelastic model, validated by a full-scale experiment designed to evaluate the fatigue strains of a pavement structure under truck platoon loading.

The parametric study mainly analysed the influence of inter-truck time gaps and lateral wander on the impact of platoons on pavement strains and pavement fatigue. The first result of the study is that without special precautions (with short inter-truck time gaps of 0.5 s and no lateral wandering), platoon loading can increase pavement fatigue. At maximum, in the parametric study, a reduction in fatigue life of 79 % was obtained with the 0.5 s time gap, and at 35 °C. The second important result is that the impact of platoons on pavement strains and pavement fatigue depends on pavement temperature. At low to intermediate temperatures (15 °C in the study), the strain increase due to platoons is very small, because the strain accumulation under multiple loads, due to viscoelasticity, is very limited. At high pavement temperatures (35 °C in the study), the visco-elastic effects become much more important, and the multiple loads, with short rest periods, due to platoons increase asphalt strains (and therefore pavement fatigue), compared with single trucks. The parametric study also showed that the impact of platoons decreases when the inter-truck time gaps increase. Longer time gaps (meaning longer rest periods between loads) allow significantly higher strain recovery of the transverse strains produced at bottom of the asphalt layers. Allowing a better strain recovery in this critical region of the pavement, can increase the fatigue service life of the pavement structure. Similarly, adding a lateral wander of the vehicles in the platoon allows to distribute the loads on a larger area, and further reduces the impact of platoons.

For example, at 35°C and using the simple fatigue model of the French pavement design method, for the platoon configuration and asphalt pavement structure analysed in this study, with zero wandering, the reduction in the number of standard axle loads NE to fatigue can pass from 79% to 29% by increasing inter-truck time gaps by 3 s (changing from 0.5 s to 3.5 s). For the same conditions, including a relatively small lateral wander of 30 cm further limits the reduction in the number of loads NE to fatigue (For example from 79 % to 54 % for the time gap of 0.5 s).

In conclusion, the study shows that the impact of platoons on pavement fatigue can be limited by optimising inter-truck time gaps, and lateral wander of the trucks. As the impact of platoons also depends largely on temperature, their impact could be further reduced by limiting their traffic at certain hours of the day or certain seasons, avoiding the hottest periods.

This paper presents only part of the results obtained in ENSEMBLE. In the project, more detailed parametric studies have been performed and will be continued, to evaluate the impact of platoon configurations on different types of pavements, distress modes (rutting, top-down cracking, reduction of skid resistance) and contexts (types of trucks and axles, types of pavement structures, different climates).

Finally, it should be reminded that the predictions of pavement fatigue life have been performed using the calculated maximum tensile strains, and the simple fatigue model of the French pavement design method, which parameters are determined using standard fatigue tests performed under continuous loading at 25 Hz, and at a constant temperature of 10 °C. Additional laboratory fatigue studies are planned, to improve the current fatigue model, by taking into account the effects of additional parameters such as multiple loads, different temperatures, and variable rest periods, in order to predict more accurately the fatigue damage under platoon loading.
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 2 Figure 2. Load case used during the validation of the model for the summer campaign (the images are not to scale). Sketch based on the studies: (Leiva-Padilla, Blanc,Hammoum, et al., 2022;[START_REF] Leiva-Padilla | The Impact of Platooning action on asphalt Pavement: Monitoring on site[END_REF].

  below presents one example of comparison of experimental and predicted transverse strains, obtained for the full scale experiment, with the model with distance equivalent to a time gap = 0.8 s at the speed of testing Load area width X Y a Load area width: Steer and Driven axles: 25.5 cm (315/80 R = 22.5) Trailer tridem axle: 28.3 cm (385/65 R = 22.5) km/h ISAP 2022 Conference visco-elastic interlayers. The results show that the model predicts well the maximum transverse strains, and also the strain recovery after each truck passage.

Figure 3 .

 3 Figure 3. Predictions obtained with the model with viscoelastic interfaces (Summer campaign, temperatures of 27°C and 34°C for the asphalt layers, 40 km/h speed, strains at the bottom of the base course, Wandering = 4 cm). Sketch based on the studies: (Leiva-Padilla, Blanc, Hammoum, et al., 2022;[START_REF] Leiva-Padilla | The Impact of Platooning action on asphalt Pavement: Monitoring on site[END_REF].

Figure 4 .

 4 Figure 4. Example of transverse strain values calculated with the variation in the intertruck time gaps and wandering for a truck speed = 80 km/h.

Figure 5 .

 5 Figure 5. Maximum transverse strains obtained under the passage of the tridem trailer axle.

Figure 6 .

 6 Figure 6. Accumulated transversal strains obtained after the passage of the tridem trailer axle.

  of the values compared ISAP 2022 Conference strain values are significantly reduced by the wandering, whereas the accumulated transverse strains remain of the same level as without wandering.

Figure 8 .

 8 Figure 8. Pavement service lives expressed in number of equivalent axles (NE) for 3trucks platoons at 80 km/h.
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	𝑁𝐸 = 𝑁𝐸 =	𝑇𝑟𝑢𝑐𝑘 =3 𝑇𝑟𝑢𝑐𝑘 =1 𝑇𝑟𝑢𝑐𝑘 =3 𝑇𝑟𝑢𝑐𝑘 =1	𝐴𝑥 =5 𝐴𝑥 =1 𝐴𝑥 =5 𝐴𝑥 =1	𝑁 𝑇𝑟𝑢𝑐𝑘𝑠 * 𝑁 𝐴𝑥 𝑁 𝑇𝑟𝑢𝑐𝑘𝑠 * 𝑁 𝐴𝑥	0.5 0.5	* 10 6 * 10 6	(4) (4) Platoons Platoons
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