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Introduction

French roads represent 1.2% of the territory (about 6000 km²). A large part of them are paved with black asphalt materials, which leads them to capture the sun's rays and increase their temperature. Road construction companies are developing innovative road solutions which integrate new functions, such as the ability to generate energy. A recent study shows that it is entirely appropriate to build pavements to harvest solar and geothermal heat energy [START_REF] Pouteau | Positive energy road: feedback on heat harvesting through pavement solution[END_REF].

In 2014, PIARC's report entitled "Alternative solutions for fossil fuels for the road system" listed the main limitations blocking the development of these innovations, among which the resistance to traffic [Comité technique AIPCR, 2014].

Since energy harvesting roads are in their early development, it is necessary to perform accelerated test at scale one to acknowledge the durability of new solutions.

The aim of the study is to assess the impact of the tubes on the durability of the overlay and structure at full scale.

This paper presents test performed on an experimental track that incorporates geothermal tube networks in the first 10 cm of the pavement. Descriptions of the track and of the experimental setup are provided in sections 2 and 3. The experimental results are discussed in section 4.

Experimental site description

Experimentations on Power Road solution, described in paragraph 2.1, are carried out with the support of ADEME within the framework of a national call for projects and the French government's Programme d'Investissement d'Avenir (PIA). In 2017, an experimental site was built on the Cofiroute network (Vinci Motorways). The paragraph 2.2 presents the entire site and underlines the part which was setup to enable accelerated testing. A description of the test track construction is provided in paragraph 2.3.

Power Road description

The tested solution is branded Power Road. The heat is harvested by the flow of a liquid (water and glycol) in tubes buried in the road. The tubes are laid in the asphalt material in the top 10 cm of the pavement under the wearing course. Tubes may weaken the pavement.

Two construction methods can be used to achieve tubes' integration. The indentation method consists of applying prefabricated elements of the exchanger (net-work of tubes) on the uncompacted hot asphalt mix, then compacting the mix (paving between the passage of pavers and compactors). The exchanger is integrated into the binder course layer during its installation as shown in figure 1. The grooving method consists of grooving the binder course using a specific milling machine, then laying the exchanger before installing a filling course and the wearing course. Only the indentation method was tested in the framework of this study. 

Site location

The experimental site is located on the access road to the service area of the A10 motorway toll barrier in Saint-Arnoult-en-Yvelines [START_REF] Pouteau | Positive energy road: feedback on heat harvesting through pavement solution[END_REF]. Figure 2 shows the layout of the various components of the installation: 1/ 500 m² of pavement equipped with tubes under the wearing course; 2/ A technical room for the control system; 3/ A field of geothermal probes for energy storage; F/ an experimental area dedicated to performing an accelerated traffic test with the FABAC test machine. 

Experimental track description

The experimental track was built on 11 th September 2017. It has a length of 18 m and a width of 2 m. It was divided in two zones (Z1 and Z2) with different thicknesses of layers (see figure 3). The wearing course and binder course are EB10 with 35/50 bitumen. HMA corresponds to the existing pavement. 

Experimental setup description

To study the mechanical behavior of the Power road test sections, it was decided to perform full scale accelerated tests, using the FABAC traffic simulator of IFSTTAR [START_REF] Chabot | FABAC accelerated loading test of bond between cement overlay and asphalt layers[END_REF]]. 100m 200m

FABAC traffic simulator and test program

The FABAC machine is a small linear traffic simulator, which was developed initially for testing the fatigue behavior of concrete slab pavements. The FABAC machine has four wheel modules, driven by a chain and electric motor (see figures 4 and 5). Each wheel module can be equipped with single or dual wheels, and apply loads varying between 30 and 75 kN. The length of the loaded section is 2 m. The loading speed can vary between 1 and 5 km/h, and the maximum loading rate, under continuous operation, is 300 000 load cycles per week. The FABAC machine is 10m long and 3m high and was designed so that it can be transported by truck to test sites located on real roads. Thus, in this project, the FABAC machine was transported on the A10 test site, in order to test the two experimental sections (Z1 et Z2). The machine was installed on the site on September 14 th , 2017 and was moved back to IFSTTAR in May 2018. A view of the FABAC machine installed on the A10 test site is shown on figure 6.

Tests were performed on the two experimental pavement sections, with 65 kN dual wheel loads, and with a loading speed of 1 m/s (3.6 km/h). Section Z1 was tested between October 10, 2017 and February 1 st , 2018. 2 686 000 dual wheel loads were applied on this section. Then, section Z2 was tested between February 1 st , 2018 and april 15 th , and 447 000 load cycles were applied. 

Survey methods

The monitoring of the experimental sections included:  visual distress surveys ;  measurements of transverse profile, carried out at 3 positions, located 50 cm apart;  the realization of photographs of the test sections.

The transverse profile measurements were performed with a profile measurement system consisting of a metal beam, supporting a mobile carriage, equipped with a laser displacement transducer. The system can measure the transverse profile over a length of 1.5 meter, and with a vertical measurement accuracy of 1 mm. A view of the profilometer is presented on figure 7. 

Performance of section Z1

On section Z1, inspections and profile measurements were performed after 923 000, 1 521 000, 1 835 000 cycles, and at the end of the test, after 2 686 000.

Figure 8 presents a picture of the test section, at the end of the test, and a closer view of the aspect of the surface of the pavement, in the middle of the wheelpath. On this figure, it can be seen that at the end of the test, the test section presented some permanent deformation in the wheel path (the pattern of the tires is clearly visible), but no cracking, and no other significant deterioration. To analyze the evolution of the permanent deformations, figure 9 presents transverse profiles measured at different numbers of load cycles, and at two different positions on the test section : position P1, located at a distance of 45 cm from the beginning of the loaded area, and section P2, located at a distance of 95 cm (close to the middle of the loaded area). The results indicate that:  Permanent deformation developed mainly at the beginning of the test. After 923 000 cycles, the maximum permanent deformation reached 7 mm at position P1, and 6 mm at position P2.  Then, during subsequent loading, permanent deformation tended to stabilize, and only a small increase was observed; At the end of the test (2 686 000 loadings), permanent deformation attained 10 mm at position P1, and 6 mm at position P2.  Permanent deformation was higher at the beginning of the loaded area (position P1) than on the rest of the test section.

Because the test was carried out during a cold period (between end of October and end of January), and because the pavement surface presented only downward deformations, and no uplift along the rut, the observed permanent deformation was attributed to a post compaction of the asphalt layer, which could be due to the relatively high initial void content of the asphalt mix (initial mean value of 8.1%). No specific deformations were observed above the tubes located in the asphalt layer, indicating that there was no damage induced by the heating tubes.

The maximum final permanent deformation depth (10 mm) remains lower than the maximum acceptable rut depth for low to medium traffic pavements (15 mm). 

Performance of section Z2

On section Z2, inspections and profile measurements were performed only at the end of the test, after 447 000 load cycles. The final aspect of section Z2, at the end of the test, is shown on figure 10. Like section Z1, section Z2 presented only limited rutting in the wheel path, and no other type of deterioration (no cracking, no deformations caused by the heating tubes). Figure 11 presents the transverse profile measurements made on section Z2, after construction and at the end of the test, at two different positions. On this section, which received 447 000 load cycles, the maximum permanent deformation depth attained 2 mm in the center of the section (profile P2), and was higher at the end of the section, attaining 5 mm. Like on section Z1, it is probable that this permanent deformation is due to post compaction of the asphalt layer. In conclusion, results on section Z2 confirmed those obtained on section Z1, indicating only a moderate permanent deformation, most probably due to a post-compaction of the asphalt material, due to its high initial void content.

Conclusions

After 2.6 million loading cycles of 65kN dual wheel loads applied on the experimental track, the following conclusions can be made:

-no cracks related to the presence of tubes introduced into the pavement by the process were observed. A very fine surface crack was observed around 2 million cycles, but it was no longer visible during the final observation; -no permanent deformation related to the presence of tubes in the pavement was found. -integration of tubes by the "indentation method" seems to have moderate to no impact on the resistance of the pavement to traffic loading.

This study also acknowledges that the FABAC machine remains a convenient device to investigate durability of innovative pavements.
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 1 Fig. 1 Installation of the tubes by indentation (left: positioning of a grid) (right: view of the pavement after indentation of all the grids)
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 2 Fig. 2 Layout of experimental site
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 3 Fig. 3 Experimental track structure description.
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 4 Fig. 4 Principle of the FABAC machine
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 6 Fig. 6 View of the FABAC machine installed on the A10 track
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 7 Fig. 7 View of the laser sensor profile measurement system
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 8 Fig. 8 View of section Z1 at the end of the full scale test, and close-up view of the deformations in the wheelpath
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 9 Fig. 9 Transverse profile measurements at different numbers of load cycles at two different locations on section Z1.
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 10 Fig. 10 View of section Z2 at the end of the full scale test, and detail of the wheelpath

Fig. 11

 11 Fig. 11 Transverse profile measurements at two different locations on section Z2, before and after loading
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