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Introduction

Diagnosis step is of major concern in the frame of any study about in-service pavement. It allows assessing the pavement condition, identifying distresses, evaluating a residual life and/or anticipating potential maintenance. The interface bonding conditions between bituminous layers are a particular area of focus [START_REF] Petit | Interface debonding behaviour[END_REF]. Non-destructive techniques (NDT), such as the Heavy Weight Deflectometer (HWD) used for airfield pavements [START_REF] Broutin | Comparison between HWD Backcalculated Subgrade Dynamic Moduli and In Situ Static Bearing Capacity Tests[END_REF][START_REF]STAC: Airfield flexible pavement assessment using HWD. Guide Technique[END_REF], have emerged for the last decades to in-situ evaluate the pavement materials and the interface conditions [START_REF] Sadoun | Assessment of HWD Ability to Detect Debonding of Pavement Layer Interfaces[END_REF]. These techniques turn out to be valuable tools to evaluate pavement bearing capacity, but present limitations to provide, on their own, reliable information about interfaces conditions. One of the common options is to implement strain gauges at the bottom of pavement layers during the pavement construction. However, this method is costly and delicate. Developed in the 70's from the regional laboratory of Saint Brieuc [START_REF] Kobisch | L'ovalisation : une nouvelle méthode de mesure des déformations élastiques des chaussées[END_REF][START_REF] Goacolou | Utilisation de l'ovalisation en auscultation des chaussées[END_REF][START_REF] Ruiz | L'essai d'ovalisation[END_REF], the ovalization test aims at evaluating interface bond condition between pavement layers over the cross of rolling wheel loads. It consists in measuring the diameter variation of a cavity at different depth levels and in three horizontal directions (longitudinal (L), transverse (T) and 45° related to the loading direction). The French civil Aviation technical center (STAC) launched a research project to evaluate this test for flexible airfield pavement submitted to dynamic loadings. Its objective is to evaluate existing devices and to modernize or eventually to propose new systems for airfield flexible pavement interface characterization needs. The ovalization system has to enable:

-simultaneous multi-depth measurements at different levels within the bituminous surface course, including the pavement surface level;

-interface characterization linked to both rolling wheel loading and HWD stationary impulse loading at several distances from cavity including the possibility to position the HWD test plate centered right above the cavity (axisymmetric configuration).

This paper describes first the ovalization test principle and some test responses obtained on a full-scale section that have been loaded by HWD during autumn 2018.

History of the Ovalization Test

As indicated in the literature [START_REF] Kobisch | L'ovalisation : une nouvelle méthode de mesure des déformations élastiques des chaussées[END_REF][START_REF] Savin | Stress Concentration Around Holes[END_REF], the variation of the diameter of a cylindrical cavity (in three directions) linked to a surface loading, provides valuable information about stresses and strains inside the structure (Fig. 1a). In the case of a multi-layer structure, measuring such diameter variation below and above the interface between two layers allows assessing its bonding condition. Based on this concept, the ovalization test was firstly proposed in 1974 with a simple configuration named: the unidirectional sensor and used under rolling loads [START_REF] Kobisch | L'ovalisation : une nouvelle méthode de mesure des déformations élastiques des chaussées[END_REF]. It is composed of one electromagnetic sensor mounted on a bracket which ensures its holding to a set position in the hole and the setting of its measurement range (Fig. 1b,1c). This unidirectional measurement system was improved and replaced with a

(a) (b) (c)
tridirectional system (Fig. 2a) [START_REF] Goacolou | Utilisation de l'ovalisation en auscultation des chaussées[END_REF][START_REF] Martin | Ovalisation, exécution et exploitation des mesures : méthode d'essai LPC n° 41[END_REF]. This first generation version, developed in 1983 [START_REF]STAC: Airfield flexible pavement assessment using HWD. Guide Technique[END_REF] contains three electronic sensors which measure simultaneously the hole diameter variation in three plane directions (L, T and 45° relatively to the loading direction) (Fig. 2b). As the setting-up of this tridimensional system (Fig. 2a) was very tedious and sensitive, the Centre d'étude et d'expertise sur les risques, l'environnement, la mobilité et l'aménagement (CEREMA) upgraded it. It leads to the 2nd generation tridirectional probe (Fig. 2c). This new device includes a six sensors system (two per direction) and involves electric motors for automated positioning. Like the aforementioned unidirectional and first generation tri-directional probe, this second generation tri-directional probe enables measuring the cavity diameter variations at only one depth at a time.

Ovalization Campaigns for Airfield Pavement Needs

In the aim to evaluate the second generation of the tridirectional probe [START_REF] Ruiz | L'essai d'ovalisation[END_REF] for airfield pavement, the device has been tested under both rolling wheel loading and HWD impulse loading. Tests were conducted in 2018 with this system, designed for 107 mm cavity diameter, in partnership with the CEREMA, at the STAC's full-scale airfield pavement test facility constructed on the Centre d'Expérimentations Routières (CER) site (Rouen, France). The pavement structure is a conventional airfield flexible pavement composed of a bituminous surface course and a humidified UGA subbase layer (Fig. 3). It comprises two areas, singled out by the subgrade water-content. The ovalization test campaign was performed in the area presenting a water-saturated subgrade. The average temperature within the bituminous layer was constant during the whole test campaign, equal to 7°C. The maximal acquisition frequency reached during this test campaign was ~130Hz. Fig. 4a illustrates an example of the diameter variation curves measured in the three directions (T, L and 45°) under rolling loading condition, at an unidentified level within the bituminous course, some doubts existing about the tests referencing. A regular shape without significant defect is observed. It shows that the acquisition frequency is high enough for those loading conditions. It can then be concluded that the current ovalization system seems to be satisfactory for tests performed under rolling loading and with a acquisition frequency. In a second part, the experimental program includes HWD tests at six different distances from the cavity (Fig. 3). In the cavity, the ovalization system is placed one at a time at three depths within the bituminous layer. Two HWD load levels (respective peak values F 1 ~ 250 kN and F 2 ~ 125 kN) were applied. For each HWD test and for each load level, three drops were performed for repeatability study. Despite the important number of tests that have been carried out under the HWD loading in this experimental program, only a very few tests are exploitable. The Fig. 4b presents one example of the diameter variation curves measured in the three directions at the bottom of the cavity, corresponding to a test performed at 60 cm from the cavity. An oscillation shape is observed for all curves which derives from mechanical vibrations of the probe. Furthermore, the acquisition frequency ( which is the maximal rate applicable for this prototype is not satisfying. Those experimental findings are then not reliable enough and cannot be used for comparison with FE modeling work. New devices are proposed.

New Design Proposals for the Ovalization Device

For tests performed under HWD load, due to such dynamic load, previously mentioned results show some limitations of the current system of the ovalization test.

Actually it is not possible to reach an adequate acquisition frequency for such a dynamic load. The measurements involving HWD tests require appropriate acquisition rates, at least 300 Hz and preferably 1 kHz. Furthermore it does not allow the measurement of the diameter variation at the surface of the surface AC layer, and the implementation of centered HWD tests calls for wireless system. To achieve these requirements, two prototypes were recently developed by the STAC (Fig. 5). Tests were conducted at the STAC full-scale airfield pavement test facility in Bonneuil-sur-Marne [START_REF] Gharbi | Towards an adapted ovalization system for flexible airfield pavement interface characterization using rollingwheel or HWD loads[END_REF][START_REF] Broutin | Comparison between HWD Backcalculated Subgrade Dynamic Moduli and In Situ Static Bearing Capacity Tests[END_REF]. The Fig. 6 shows first results of the ovalization test performed with the two news prototypes successively placed within the cavity at the pavement surface under HWD impulse loading. Tests are firstly carried out with the HWD plate positioned adjacent to the cavity edge with a HWD load peak value of F ~ 170 kN and with an adequate frequency acquisition (4800 Hz). Others load peak values were applied and the results are presented in [START_REF] Gharbi | Towards an adapted ovalization system for flexible airfield pavement interface characterization using rollingwheel or HWD loads[END_REF]. For the second prototype (Fig. 6b) an oscillation shape is observed for the diameter variations curves contrary to first prototype (Fig. 6a) which seems to be more satisfactory. The improvement of both prototypes is in progress to overcome some limitations related to the implementation step and to the curve oscillation issue. 

Conclusion

This paper presents some results from two ovalization test campaigns carried out at the STAC's full-scale airfield pavement test facility, on the CER site in 2018. The CEREMA second generation probe of Ovalization device is evaluated for airfield pavement needs. These test campaigns include both conventional tests using rolling wheel load, and new type of loading involving Heavy Weight Deflectometer (HWD) impulse load, performed at different distances from the cavity. Those tests where. The cavity diameter variation is studied in three horizontal directions (T, L and at 45°) for both loading conditions. The conventional tests showed satisfactory results. By contrast, measurements obtained under HWD impulse load are not exploitable: the acquisition rate is too low for such solicitation and mechanical vibrations are observed. Furthermore, the current system does not enable performing diameter measurements at the pavement surface, neither carrying out HWD tests with the load plate centered right above the cavity (axisymmetric configuration). In order to overcome these current system limitations, two new ovalization systems are being developed by the authors [START_REF] Gharbi | Towards an adapted ovalization system for flexible airfield pavement interface characterization using rollingwheel or HWD loads[END_REF] and first tests are briefly presented here. In parallel, 3D finite element dynamic modeling is developed for data analysis, more tests and results will be illustrated in [START_REF] Gharbi | Towards an adapted ovalization system for flexible airfield pavement interface characterization using rollingwheel or HWD loads[END_REF].
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 1 Fig. 1 The Ovalisation principle [5]: a) Diameter variation of the cylindrical cavity under loading; b and c)The unidirectional sensor
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 2 Fig. 2 Ovalization devices: a) The ovalization tridirectional first generation [3], b) The 3 plane direction; c) The CEREMA device [7]
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 3 Fig. 3 STAC's full scale facility and HWD vs ovalization experimental protocol
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 4 Fig. 4 CEREMA ovalization device measurements: a) cavity diameter variations under rolling loading b) cavity diameter variations under HWD at the bottom of the cavity
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 5 Fig. 5 STAC's Ovalization prototype: a) First Design, b) Second DesignIt consists in self-bearing horizontal tray equipped, with six DD1 sensors (provided by HBM constructor) positioned in pairs for each direction (L, T, 45°). It makes possible to assess the diameter variation. Each system can easily be upgraded to a multiple tray system for simultaneous multi-depth measurements. Measurements at the surface of the bituminous course layer are possible. The mechanical and electronical systems retained are consistent with measurements under HWD dynamic impulse loads. Particularly, it enables reaching acquisition rates compatible with those solicitations. Tests were conducted at the STAC full-scale airfield pavement test facility in Bonneuil-sur-Marne[START_REF] Gharbi | Towards an adapted ovalization system for flexible airfield pavement interface characterization using rollingwheel or HWD loads[END_REF][START_REF] Broutin | Comparison between HWD Backcalculated Subgrade Dynamic Moduli and In Situ Static Bearing Capacity Tests[END_REF]. The Fig.6shows first results of the ovalization test performed with the two news prototypes successively placed within the cavity at the pavement surface under HWD impulse loading. Tests are firstly carried out with the HWD plate positioned adjacent to the cavity edge with a HWD load peak value of F ~ 170 kN and with an adequate frequency acquisition (4800 Hz). Others load peak values were applied and the results are presented in[START_REF] Gharbi | Towards an adapted ovalization system for flexible airfield pavement interface characterization using rollingwheel or HWD loads[END_REF]. For the second prototype (Fig.6b) an oscillation shape is observed for the diameter variations curves contrary to first prototype (Fig.6a) which seems to be more satisfactory. The improvement of both prototypes is in progress to overcome some limitations related to the implementation step and to the curve oscillation issue.
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 6 Fig. 6 Diameter variations curves at the surface of the cavity using: a) the First Design, b) Second Design