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Introduction

On-site non-destructive evaluation of concrete is a major issue for monitoring the durability of civil engineering structures. Concrete structures are subjected to aggressive attacks from the outside (water, chlorides, weathering variations, . . . ) which may minimise their durability. In particular, near surface concrete is directly in contact with these aggressive attacks. This cover concrete thickness is 30-50 mm and it essentially protects the steel reinforcing bars from corrosion [START_REF] Grattan | Microstructural investigation of deteriorated Portland cement concretes[END_REF], which can induce macro-cracks due to the expansion of the steel. An early diagnostic of the pathologies of cover concrete may prevent expensive repairs. Among all non-destructive testing methods available for concrete [START_REF] Malhotra | Handbook on nondestructive testing of concrete[END_REF], the use of ultrasonic waves is of great interest to evaluate mechanical properties. Velocity and attenuation of such waves can be used to determine the viscoelastic properties (such as Young Modulus, Poisson ratio, or Lamé coefficients), and also to characterise micro-structural properties of materials (porosity, grain size, micro-cracks,. . . ). The first method employed for over 50 years was the ultrasonic pulse velocity [START_REF] Malhotra | Handbook on nondestructive testing of concrete[END_REF][START_REF] Kaplan | The effects of age and water to cement ratio upon the relation between ultrasonic pulse velocity and compressive strength of concrete[END_REF][START_REF] Zhou | Effect of coarse aggregate on elastic modulus and compressive strength of high performance concrete[END_REF], consisting in measuring the time taken by an ultrasonic pulse to travel through a concrete sample.

However, precise measurements and their interpretations are difficult due to the inherent strongly heterogeneous nature of concrete. Concrete is basically composed of a mix of cement, sand, water and coarse aggregates. Sand are small particles with a mean diameter below 4 mm, while aggregates are the largest particles with dimensions varying from a few millimetres up to 20 mm or larger. Mortar can be distinguished from concrete because it contains only the small particles (sand, cement, water) without the coarser aggregates. Mortar and concrete also contains pores and capillaries, with sizes from about 10 -6 mm to a few millimetres. These pores may be filled with air or water. Porosity of these cement paste materials can be directly linked with the water to cement ratio by mass (w/c) of the mix proportions of the concrete. All these heterogeneities, of various size range, strongly affects the propagation of ultrasonic waves, their influence depending on the frequencies used.

In the past 10 years, with the improvements in transducer design, computing and signal processing, several experimental studies, using through-transmission ultrasonic measurements, with compression or shear waves, have been carried out on different cement paste materials: cement, mortar or concrete.

On a pure cement matrix, measurements above 500 kHz show an increase of the attenuation factor when 10% of entrained air voids of 1 mm diameter are present [START_REF] Punurai | Characterisation of entrained air voids in cement paste with scattered ultrasound[END_REF]. Measurements on fresh mortar [START_REF] Aggelis | Wave dispersion and attenuation in fresh mortar: theoretical predictions vs. experimental results[END_REF] shows that the influence of similar air voids is negligible below 500 kHz. In the same experiment, it is shown that the influence of sand particles with a 1-4 mm diameter on the attenuation factor is only noticeable above 500 kHz. Influence of air voids, represented by expanded polystyrene spheres of 2 mm diameter, in a cement-paste matrix with small aggregates (4-8 mm), is presented in [START_REF] Chaix | Ultrasonic wave propagation in heterogeneous solid media: Theoretical analysis and experimental validation[END_REF]. All of these studies show that the influence of air voids and small sand particles on the velocity or the attenuation factor at low frequencies (below 500 kHz) is very low.

Influence of grain size (sand and aggregates) was particularly underlined in [START_REF] Landis | Frequency-Dependent Stress Wave Attenuation in Cement-Based Materials[END_REF] and [START_REF] Philippidis | Experimental study of waves dispersion and attenuation in concrete[END_REF], comparing the frequency dependence of the attenuation and pulse velocity of compression waves on cement, fine mortar, coarse mortar and concrete, over the range 50-1000 kHz. In particular, only coarse aggregates with a diameter greater than 5 mm have a significant influence below 200 kHz.

The influence of grain size is clearly visible on the attenuation of the waves while the w/c ratio mainly affects the pulse velocity.

All these studies [START_REF] Punurai | Characterisation of entrained air voids in cement paste with scattered ultrasound[END_REF][START_REF] Aggelis | Wave dispersion and attenuation in fresh mortar: theoretical predictions vs. experimental results[END_REF][START_REF] Chaix | Ultrasonic wave propagation in heterogeneous solid media: Theoretical analysis and experimental validation[END_REF][START_REF] Landis | Frequency-Dependent Stress Wave Attenuation in Cement-Based Materials[END_REF][START_REF] Philippidis | Experimental study of waves dispersion and attenuation in concrete[END_REF] consider through-transmission measurements. Another way to characterise concrete or mortar is to use surface measurements. Rayleigh waves are well adapted to the characterisation of near surface deterioration of concrete, as their penetration depth is close to the wavelength. Thus they are suitable to provide information about the first centimetres of the concrete. Another advantage of surface waves is that they are more convenient for onsite measurements than through-transmission measurements, since most concrete structures are accessible only on one side.

Young modulus and Poisson ratio have been extracted from low frequency Rayleigh measurements (50 kHz) in [START_REF] Qixian | Using compression wave ultrasonic transducers to measure the velocity of surface waves and hence determine dynamic modulus of elasticity for concrete[END_REF], using simple compression waves transducers. Wedge transducers were used in [START_REF] Ould-Naffa | Detection of chemical damage in concrete using ultrasound[END_REF][START_REF] Piwakowski | Generation of Rayleigh waves into mortar and concrete samples[END_REF] to optimise the generation of Rayleigh waves on mortar, showing the high sensitivity of these waves with the cover degradation of the samples for frequencies higher than 50 kHz. The potential use of lasers for generation and detection of Rayleigh waves on concrete is presented in [START_REF] Jacobs | Laser generation and detection of ultrasound in concrete[END_REF] and applied in [START_REF] Owino | Attenuation Measurements In Cement-Based Materials Using Laser Ultrasonics[END_REF][START_REF] Jacobs | Effect of Aggregate Size on Attenuation of Rayleigh Surface Waves in Cement-Based Materials[END_REF] on mortar slabs, allowing non-contact measurements over the range 200-1000 kHz. In this frequency range, it is shown that the scattering by small particles (< 5 mm) does not dominate attenuation compared to the absorption losses. A third way to generate Rayleigh waves is the use of a pencil lead break in [START_REF] Aggelis | Experimental study of surface wave propagation in strongly heterogeneous media[END_REF][START_REF] Aggelis | Surface wave dispersion in cement-based media: Inclusion size effect[END_REF], which produces a point-like source with a bandwidth 0-200 kHz, but with very low energy : piezoelectric transducers were used for the reception at short distance away from the source. The medium was mortar with small thin vinyl plate inclusions, simulating small cracks in cement. The study show that Rayleigh waves are more sensitive to this kind of inclusions than compression waves, and that the effect of the shape of these inclusions is important.

Another interest of Rayleigh waves is their ability to evaluate properties varying with depth, especially in the case of layered media, for example a damaged layer over a sound material. This approach is classically used in geophysics. Attempts of using this property of Rayleigh waves on mortar have been envisaged in [START_REF] Krstulovic-Opara | Nondestructive testing of concrete structures using the Rayleigh wave dispersion method[END_REF], and on concrete in [START_REF] Lagarde | Use of surface waves and seismic refraction for the inspection of circular concrete structures[END_REF].

All studies show the influence of the heterogeneities of mortar or concrete in different frequency range. The objective of this paper is the evaluation of cover concrete with Rayleigh waves. The depth of penetration of Rayleigh waves is close to the wavelength, therefore, to investigate the three first centimetres of concrete, frequencies over the range 50-200 kHz will be used, providing wavelength from about 10 to 50 mm. In this frequency range, the effect of pores and small particles (< 5 mm) on the attenuation and velocity is negligible compared to absorption losses, but the coarser aggregates will interact strongly with the waves.

The first part of the paper introduces the process needed to focus on global properties of concrete. Then experimental configuration will be described. In the third chapter particular attention will be drawn to the acquisition setup, allowing the use of very precise methods to evaluate phase and group velocity dispersion curves and attenuation factor. The last chapter give results in terms of field properties for various concrete and mortar. All the following is written trying to determine some mechanical and micro-structural signatures from the field properties.

Homogeneous effective medium

Concrete can be considered as a random distribution of scatterers (aggregates) of different nature, shape and size in a cement matrix. Waves propagating in such media with a wavelength comparable to the size of scatterers will propagate in a multiple scattering regime. As a result, the measured signals will be composed of a coherent part independent to the specific position of scatterers [START_REF] Derode | Random multiple scattering of ultrasound. I. Coherent and ballistic waves[END_REF], and also of an important incoherent part specific to the given configuration of heterogeneities encountered.

Then it is possible to take into account an aspect of the randomness by considering the average value of the measurements over a statistical ensemble of collections of scatterers. This notion was introduced by Foldy in 1945 [START_REF] Foldy | The multiple scattering of waves[END_REF]. During the propagation, a part of the energy is transfered from the coherent part into the incoherent part due to multiple scattering. When performing the ensemble average the incoherent part is eliminated, and only the coherent part survives. The energy transfered to the incoherent part is lost and this induce an additional attenuation of the coherent part. This field can be interpreted as the field propagating in an equivalent homogeneous medium also called effective medium.

The incoherent part doesn't resists to the averaging of disorder. It is composed of all the late arrivals of wave trains multiply scattered by the heterogeneities and is sometimes called "coda".

This "coda" is often considered as noise, but still contains exploitable information [START_REF] Anugonda | Diffusion of ultrasound in concrete[END_REF][START_REF] Ramamoorthy | Ultrasound diffusion for crack depth determination in concrete[END_REF]. This paper will only focus on the coherent part of the signals.

In order to evaluate the mechanical properties of concrete, studying a single configuration of disorder will lead to inaccurate results. Indeed, the signal containing an important incoherent part, the results will mainly depend on the specific configuration of aggregates at the given point, and not on the general properties of the concrete. The evaluation of the coherent field allows to avoid this problem. In this case the phase velocity, group velocity and attenuation factor of the field will give information on the effective medium what can be interpreted as the average mechanical properties of the concrete.

It is then essential to perform measurements on numerous equivalent configurations of disorder, i.e. at different positions on the tested sample of concrete, using the same source and the same receiver and at the same distance of propagation. This approach have been used on concrete by [START_REF] Chaix | Ultrasonic wave propagation in heterogeneous solid media: Theoretical analysis and experimental validation[END_REF] with through transmission measurements and [START_REF] Aggelis | Experimental study of surface wave propagation in strongly heterogeneous media[END_REF][START_REF] Aggelis | Surface wave dispersion in cement-based media: Inclusion size effect[END_REF] with surface waves. [START_REF] Chaix | Ultrasonic wave propagation in heterogeneous solid media: Theoretical analysis and experimental validation[END_REF] used 9 configurations of disorder, and [START_REF] Aggelis | Experimental study of surface wave propagation in strongly heterogeneous media[END_REF][START_REF] Aggelis | Surface wave dispersion in cement-based media: Inclusion size effect[END_REF] used about 30 equivalent configurations to obtain the coherent part.

Experimental procedure

Concrete slabs

The measurements are carried out on concrete slabs of 60 cm × 60 cm × 12 cm. There are two different series of concrete with different w/c and a maximum grain size (D max = 20 mm). Two series of mortar (D max = 4 mm) are made with the same w/c than the concretes. The characteristics of each series are summarised in table 1, and the granulometric curves are presented in Fig. 1. Each series is composed of 5 slabs. The water content of concretes or mortars have been shown to have a significant influence on the propagation of ultrasound [START_REF] Villain | Use of ultrasonic and electromagnetic NDT to evaluate durability monitoring parameters of concrete[END_REF]. In order to guarantee a constant water content of the concrete slabs, they are stored immersed in water with additional lime. The water content ratio of the slabs is then very close to 100%. The slabs are taken out of the water only during the ultrasonic measurements (a few hours). When the measurements were performed, the slabs had an age between 6 and 10 months. At this age, the mechanical properties of concrete are assumed to be stabilised.

w/c = 0.35 w/c = 0.65 D max = 20 mm B1 B2 D max = 4 mm M1 M2

Experimental setup

The experimental setup is similar to multi-station acquisition commonly used in geophysics : a source emits a wavefield and the measurements are performed with a linear array of receivers away from the source. In the present case, the source will be repetitive and the receiver will be moved along a line to reproduce an array of reception points.

Rayleigh waves are generated with a piezoelectric transducer (Imasonic). The transducer emits a compression wave and is equiped with a wedge to allow an incidence of the emitted wave with the concrete slab at an angle favouring the conversion to Rayleigh waves [START_REF] Piwakowski | Generation of Rayleigh waves into mortar and concrete samples[END_REF]. The wedge is coupled with the concrete with Gel D (Sofranel) over a thin scotch-tape. The scotchtape avoids the gel to penetrate into the concrete, and makes the manual positioning of the wedge easier. The center frequency of the transducer is 120 kHz. It is excited with a Ricker wavelet amplified by a Ritec Gated RF amplifier. The bandwidth at -20 dB of the emitted Rayleigh waves ranges from 50 kHz to 200 kHz. The reception is performed with a laser interferometer (Tempo by BossaNova Tech.). It allows non contact acquisition of the normal displacement of the surface of the concrete slab. The beam diameter of the laser is around 50 µm, so the measurements are point-like. A reflecting tape on the concrete enhance the quality of the signals [START_REF] Jacobs | Laser generation and detection of ultrasound in concrete[END_REF]. The reflective tape is carefully positioned on the concrete surface to ensure that no voids are present. The laser interferometer is mounted on an automatic measurement bench. The laser is moved along a line in front of the transducer to have measurements at different distances of propagation d i between 10 cm and 45 cm. The first reception point is taken at d 1 = 10 cm from the source to avoid near offset effects. A signal is acquired every δd = 10 mm, so that the whole profile is composed of 36 signals. Figure 2 presents the experimental setup. To reduce the signal to noise ratio, each signal is time-averaged over 256 acquisitions at each reception point.

In order to have different configurations of disorder to evaluate the coherent field, 9 parallel profiles, separated of L = 40 mm, are acquired on both sides of the slabs. L was chosen so that L > D max and L > λ max /2 to ensure that profiles are not correlated. As there are 5 slabs for each series, we acquire a data-set of 90 different multi-station profiles for each concrete series B1 and B2. Only 36 profiles were acquired for mortar series M1 and M2 as the heterogeneities 

Coherent field

Preprocessing

Before evaluating the dispersion and attenuation curves, some pre-processing have to be undergone to eliminate artifacts due to the experimental setup.

For each profile measured, the source transducer was placed by hand, and the focus of the laser beam was adjusted. The whole 36 signals of the profile were automatically acquired with the same adjustments, so that the amplitudes of these signals are comparable one from the others. On the contrary, from one profile to another the adjustments change and the amplitudes are not fully comparable. For example Fig. 4 presents the maximum amplitude of the measured displacement for each profile of the series B2 at the offset d 1 = 10 cm. The average maximum amplitude is about 100 Å but the variation is very important, up to 750 Å. This effect is corrected by normalising each profile by the maximum amplitude of its first signal (at offset d 1 = 10 cm). Doing so, the relative amplitude variation inside a given profile remains the same, but all different profiles become comparable. The absolute displacement is not needed by the following signal processing methods, as they only use relative variations of phase or amplitude along the propagation path.

Another effect of the hand positioning of the source transducer is that the transducer cannot be positioned exactly at the same distance from the first reception point. The difference, a few millimetres, induce short time-lags between the signals from a profile to the others. These time-lags are evaluated doing cross-correlation between the first signals of each profile, and the correction is applied on all the signals of the profile. 

Amplitude spectrum

The amplitude spectrum provides useful information about the propagation. The major part of all the processing to evaluate phase and group velocity and the attenuation factor will be done in the frequency domain. frequency is 120 kHz, and its bandwidth ranges from 60 kHz to 180 kHz. Figure 8 shows that the higher frequencies are more attenuated as the distance of propagation increases; the last reception points will not be suitable to evaluate the effective parameters for the higher frequencies.

Signal processing methods

Phase velocity

The coherent phase velocity v ϕ (ω) is computed using the pω transform. This method is commonly used to study the dispersion of surface waves in geophysics [START_REF] Mokhtar | Seismic velocity and Q model for the shallow structure of the Arabian shield from short-period Rayleigh waves[END_REF][START_REF] Forbriger | Inversion of shallow-seismic wavefield: I. Wavefield transformation[END_REF][START_REF] Herrmann | Computer Program in Seismology[END_REF][START_REF] Bodet | Surface-wave inversion limitations from laser-Doppler physical modeling[END_REF]. It consists in transforming the entire data wave field into the slowness-frequency domain, where p represents the slowness of the waves (p = 1/v ϕ ) and ω the angular frequency. It was first described by [START_REF] Mcmechan | Analysis of dispersive waves by wave field transformation[END_REF] in the time domain [START_REF] Mcmechan | Analysis of dispersive waves by wave field transformation[END_REF]. Mokhtar (1981) proposed another formulation of this method entirely in the frequency domain which is used here [START_REF] Mokhtar | Seismic velocity and Q model for the shallow structure of the Arabian shield from short-period Rayleigh waves[END_REF].

In the case of media with a single mode of propagation of the waves with the slowness p 0 (ω), the Fourier transform over time of the coherent field s(ω, d i ) at the angular frequency ω and at the distance of propagation d i can be written as:

s(ω, d i ) = A(ω, d i )e -iωp 0 (ω)d i , (1) 
where

A(ω, d i ) is the amplitude spectrum at d i . The p-ω stack ŝ(ω, p) is ŝ(ω, p) = N i=1 A(ω, d i )e iω(p-p 0 (ω))d i . (2) 
The computation of ŝ(ω, p) is performed for several values of p. Given ω, the maximum of the modulus | ŝ(ω, p)| is reached for p = p 0 (ω); the | ŝ(ω, p)| map is plotted as a 2-D function of p and ω and the maximum locus is extracted for each frequency.

Some problems of aliasing and limited resolution may be encountered as in any spectral analysis of discrete data. All these artifacts were described by Forbriger (2003) [START_REF] Forbriger | Inversion of shallow-seismic wavefield: I. Wavefield transformation[END_REF]. Aliasing occurs when the distance δd between two reception points is too large compared to the shortest wavelength considered, while resolution is limited by the total length of the acquisition setup (i.e. the distance between the first and the last receiver). In general, the longest wavelength accessible (corresponding to the lowest desired frequency) is assumed to be shorter than 40-50% of the total length of the acquisition setup. If this setup is too short, the estimated phase velocity for the lower frequencies will be inaccurate.

Experimental setup presented in Sec. 3.2 was designed to take account of all these artifacts and to provide accurate measurements in the bandwidth 60kHz-180kHz. For the lowest frequencies, all the reception points will be used to evaluate v ϕ (ω), to have an acquisition setup long enough. For the highest frequencies, only the reception points containing enough energy at these frequencies compared to the noise level will be used, as seen in Fig. 8.

Group velocity

It is theoretically possible to deduce the group velocity dispersion curve v g (ω) from v ϕ (ω), as these two quantities are linked in elastic mediums by the following relation [START_REF] Carcione | Wave fields in real media : wave propagation in anisotropic, anelastic and porous media[END_REF] :

v ϕ = ω k and v g = ∂ω ∂k (3) 
However, in the case of experimental measurements, the numerical derivation of v ϕ (ω) is perturbed by the quick small fluctuations in measured values. Using another processing method to evaluate the coherent group velocity from the measurements provide additional complementary information on the propagation. This method lead to systematic errors as with many time-frequency representations. Kodera et al [START_REF] Kodera | A new method for the numerical analysis of nonstationnary signals[END_REF] present a method called reassignment to improve the accuracy of time-frequency representations, using the fact that these kind of errors are predictable if the filters are known. This notion was later developed in a practical way and generalised by Auger and Flandrin [START_REF] Auger | Improving the readability of time frequency and time-scale representation by the reassignment method[END_REF]. Classical time frequency methods such as MFA allocate the energy of the signal at a point in the time-frequency plane. Due to the width of the filters used, at a given frequency the energy is spread around its real location. The principle is to change the attribution point of this energy and to assign it to the center of gravity of all these energy contributions. Then the reassignment method improves the sharpness of the localisation of the signal components by reallocating its energy distribution in the time-frequency plane. The efficiency of this method applied on surface waves was presented by Pedersen [START_REF] Pedersen | Improving surface-wave group velocity measurements by energy reassignment[END_REF]. The development of the method is fully presented in [START_REF] Auger | Improving the readability of time frequency and time-scale representation by the reassignment method[END_REF][START_REF] Pedersen | Improving surface-wave group velocity measurements by energy reassignment[END_REF] and is over the goal of this paper.

Only two reception points are theoretically needed to compute the reassigned MFA maps. As we use an array of 36 reception points, it is possible to produce a variety of time-frequency maps.

We choose to take the first reception point at and are also eliminated. The coherent v g (ω) is then picked from the maxima of this average map.

Attenuation factor

The attenuation factor is estimated from the decrease of the amplitude spectrum of the coherent field during propagation.

In the frequency domain, the amplitude A(ω, d i ) in equation ( 1)-( 2) is assumed to take the following expression (Eq. 4):

A(ω, d i ) = A 1 (ω)e -α(ω)(d i -d 1 ) , (4) 
where A 1 (ω) is the amplitude of s at the first receiver located at the offset d 1 . The attenuation parameter α(ω) is determined by the slope of a least-square linear fit of ln(A(ω, d i )). To eliminate small noise variation in the spectrums, a light smoothing was performed on each coherent amplitude spectrums with a moving average over f . Geometrical spreading was corrected by multiplying the signals by

√ d i (see Sec. 4.1).
In the same way as for the phase velocity, the attenuation factor for lower frequencies will be estimated using the whole reception points of the setup (36 reception points), while for the higher frequencies only the first reception points containing enough energy will be used, according to the study of Sec. 4.2.

Results and discussion

Phase velocity

Experimental coherent phase velocity dispersion curves are presented in Fig. 9. The two concretes are represented with the empty circle and triangles, while the mortars are presented with the filled items. Series with the same item share the same w/c ratio; triangles correspond to w/c = 0.65 and circles correspond to w/c = 0.35.

The curves are clearly distinguishable the one from the other. For a given w/c ratio of the cement paste, the presence of the aggregates increases the phase velocity of about 10%. The fact that the phase velocity also decreases with the increase of w/c is commonly observed [START_REF] Philippidis | Experimental study of waves dispersion and attenuation in concrete[END_REF], as a high w/c ratio induces higher porosity and hence lower mechanical strength.

For the series with the higher w/c ratio (B2 and M2), a slight decrease can be noticed on the dispersion curves of the phase velocity. This decrease can also be noticed on concrete B1, but is less important. For Rayleigh waves, this is in general due to a gradient of properties of the material with depth; larger wavelengths penetrate deeper whereas short wavelengths are only sensitive to the upper part of the material, leading to different phase velocity values if a gradient is present. It is known that aggregate distribution with depth is non uniform due to wall effects, as the bigger aggregates cannot be as close to the surface as half their dimension [START_REF] Zheng | Aggregate distribution in concrete with wall effect[END_REF]. However, as this phenomenon occurs either on concrete B2 or mortar M2, containing only small particles, this aggregate distribution effect is not the main cause of this dispersion behaviour. A change of free water content may be envisaged, due to a drying of the surface of the slabs during the experiment, but weight measurements showed that the water loss was negligible. It is also remarkable that this decrease is less important in the case of low w/c, with low porosity. Then the reason of the dispersive behaviour for M2 and B2 can be a change of porosity with depth. Coherent group velocities dispersion curves show additional information about the propagation of waves. For non-dispersive materials, group and phase velocities should be equal, but their values differ in dispersive media. Experimental results (Fig. 10) show some similarities with the phase velocity dispersion curves (Fig. 9). The 4 series are clearly distinguishable the one from the others, and the average group velocity is close to the average phase velocity.

Group velocity

The main difference is the behaviour of the two concrete series B1 and B2. While the mortar series M1 and M2 show a nearly constant group velocity, both concrete series show similar variations with frequency. Group velocity decreases around 100 kHz of about 100 m.s -1 , stabilises, and increases again after 150 kHz. B1 and B2 containing the same amount, nature and size of aggregates, the presence of the aggregates clearly modifies the coherent group velocity dispersion of Rayleigh waves.

In this frequency range, the presence of aggregates is more clearly visible on the coherent group velocity dispersion curves than on the coherent phase velocity, as v g (ω) shows a particular signature when aggregates are present. On the contrary, a change in the w/c ratio is more visible on the coherent phase velocity measurements by the dispersion of v ϕ (ω). These two coherent velocity measurements provide complementary information on the concrete or mortar. It is then important to make a distinction between phase and group velocity measurements to characterise concrete as their sensitivity are different in this frequency range. Attenuation parameter measurements are of great interest in non-destructive evaluation, as attenuation is sensitive both to microstructural and viscoelastic parameters of the media. However, interpretation is complex because the attenuation parameter measured (i.e. the decrease of the frequency component with the distance of propagation) contains information about all the attenuative processes : geometrical spreading, scattering by large and small heterogeneities (aggregates, sand, air voids, pores,. . . ), and intrinsic attenuation due to the viscoelasticity of the materials. All these effects are mixed together and it is difficult to evaluate the contribution of a single effect. Geometrical spreading effects were corrected in Sec.4.1. Thus, coherent attenuation parameter curves presented in Fig. 11 contain information about the scattering by aggregates, attenuation due to porosity and micro-cracks of the cement paste, and attenuation due to viscoelasticity.

Attenuation factor

For the mortar series M1 and M2, the attenuation factor curves are almost linear with frequency, and a higher w/c (higher porosity) logically induces a higher values of the attenuation parameter. When aggregates are present, the effect of scattering by the aggregates are added to the other effects. The contribution of the multiple scattering can be deduced by comparing the mortar and concrete sharing the same w/c and mix properties (B1-M1 or B2-M2).

At low frequencies, no difference is visible between a concrete and its corresponding mortar (below 80 kHz for B1-M1, and below 120 kHz for B2-M2), the effect of the aggregates is negligible comparing to all other effects. As the frequency increases, the wavelength becomes comparable with the aggregate size, and the attenuation parameter increases due to scattering.

For w/c = 0.35 (B1-M1), these scattering effects are not important, and the attenuation parameter increases only of about 1 Np.m -1 . On the contrary, for w/c = 0.65, the change in the attenuation factor due to aggregates is very important. It is difficult to distinguish the three series B1, M1 and M2, while B2 is clearly different.

Concretes series B1 and B2 share the same kind and quantity of aggregates, and differ only by their w/c. Multiple scattering does not only depend on the shape and size of the scatterers, but also on the contrast between the mortar and the aggregates. For various w/c the macroscopic properties of mortar are different what can explain the change of attenuation. Moreover, when porosity of the cement paste is high, contact between aggregates and mortar may be non perfect, this modification of the microstructure in the interface zone may cause the distinct behaviour of the attenuation curves. This investigation can not distinguish between these two hypotheses, but highlight that evaluation of attenuation of wave in concrete looks very efficient to evaluate and characterise concrete.

Configurations of disorder

Coherent phase velocity, group velocity, and coherent attenuation parameter studied in the section before were measured using a voluntarily high number of configuration of disorder N dis for the evaluation of the coherent field : N dis = 90 for the concrete series and N dis = 36 for the mortar series. As a result, the evaluation of the coherent propagation parameters are very accurate and correctly take into account the heterogeneous nature of the materials. In particular, coherent attenuation parameters measurements show that the difference between B1, M1 and M2 is very low (less than 2 Np.m -1 ), but all three series can still be compared due to the accuracy of the measurements. However, it is usually not possible to acquire 90 different configurations of disorder, for economic or time reason. Fig. 12 and 13 show the influence of N dis on the value of the phase velocity and the attenuation factor at low frequencies (60 kHz) and high frequencies (180 kHz). The value of α is much more sensitive to N dis. than v ϕ , because the relative amplitude of the fluctuation of α is important compared to the stabilised value. Table 2 shows the optimal number of independent configurations of disorder N opt. required to get a stable value of α (at ±0.5 Np.m -1 ) or v ϕ (at ±10 m.s -1 ) at the frequency f = 180 kHz. It is clear that the evaluation of coherent v ϕ requires less configurations of disorder than the evaluation of α. These values of N opt. can be directly linked with the degree of heterogeneity of the material at the frequency considered. In particular, concrete series need more configurations of disorder than mortar and an increase of w/c increases the N opt. required. If the value of N dis. chosen for the measurements is too low, the coherent field will not be properly evaluated and the error on α or v ϕ will increase; comparison between two series with very similar propagation parameters (for example comparing the attenuation parameter α for B1 and M1) will not be possible.

Concluding remarks

Surface waves are well adapted to characterise cover concrete. Coherent phase velocity, group velocity and attenuation parameter show sensitivities to different properties of concrete:

w/c ratio, presence of aggregates, . . . The accuracy of the estimations of the propagation parameters v ϕ , v g and α is primordial to characterise properly the materials, as many phenomena are involved in the propagation of Rayleigh waves in concrete.

Geophysical methods provide appropriate signal processing tools for the treatment of Rayleigh waves. Particular attention has to be drawn to the acquisition setup required by these signal processing tools. Another key point is the use of coherent waves, obtained by averaging the signals over a large amount of configurations of disorder. Propagation parameters of the coherent waves provide information on the mean mechanical properties of the concrete, avoiding effects due to a particular configuration of the concrete that are non representative of the average structure.

The experimental procedure presented in this paper has proved to be very efficient to underline differences between different concrete and mortar samples. However these differences come from different phenomena coupled together. Then a better understanding of the propagation of Rayleigh waves in such complex media is needed, to be able to evaluate mechanical parameters such as Young modulus, Poisson ratio, or porosity. In particular, a model of the multiple scattering process by the heterogeneities have to be studied to distinguish the attenuation process due to scattering and the one due to porosity or viscoelasticity [START_REF] Chekroun | Comparison between a multiple scattering method and direct numerical simulation for elastic wave propagation in concrete[END_REF]. Dispersion of the coherent phase and group velocity of Rayleigh waves can be used to estimate variations of properties with depth.

This approach is commonly used in geophysics [START_REF] Bodet | Surface-wave inversion limitations from laser-Doppler physical modeling[END_REF].

Subsequently, the case of damaged concrete, for example carbonation, cracks or microcracks, have to be studied to show the ability of our method to detect and identify some defaults.

Furthermore, a special robot equipped with a smaller laser interferometer is being developed to be used in situ on real concretes structures.

Figure 1 :

 1 Figure 1: Granulometric curves of the concrete and mortar specimens.

Figure 2 :

 2 Figure 2: Experimental setup

Figure 3 :

 3 Figure 3: Acquiring parallel profiles to obtain different configurations of disorder

Figure 3

 3 Figure 3 shows a picture of the setup, with the wedge transducer and the laser interferometer. The reflecting tapes shows the positions of different acquisition profiles.

Figure 5 Figure 4 :

 54 Figure 5 presents two single seismograms for two given profiles on a concrete slab on the series B2. All signals present an important incoherent part that fluctuates from one seismogram to the other. Some of these individual signals are presented in gray on figure 6, along with the coherent signal.

Figure 5 :Figure 6 :

 56 Figure 5: Comparison between two given profiles measurements for series B2.

Figure 7 :

 7 Figure 7: Averaged profile over 90 configurations for B2. (a) non windowed coherent field, (b) coherent field windowed around the main wave train.

Figure 8 :

 8 Figure 8: Spectrum modulus of the windowed coherent field at different distances of propagation for series B2.

Figure 8

 8 Figure 8 presents an example of the spectrum modulus of the windowed coherent field for the concrete series B2, at different distances of propagation; the first reception point at 10 cm, in the middle of the profile at 27 cm, and the last reception point at 45 cm. The transducer center

  v g (ω) provides information about the velocity of wave-packets centered around a given frequency. It is classically obtained by the calculation of spectrograms, or through the Multiple Filter Analysis (MFA)[START_REF] Dziewonsky | A technique for the analysis of transient seismic waves[END_REF]. The principle is the following: the signal is filtered in the frequency domain by a series of narrow Gaussian filters centered around various frequencies f i . The width of each filter i is chosen at ∆ f i = 0.7 f i . Each filtered signal produces a wave-packet in the time domain. It is then possible to draw a time-frequency representation of the signals. The time of flight ∆t i of the maximum of the envelope of each wave-packets is then evaluated between two acquisition points separated by a distance ∆d, providing an evaluation of the group velocity around the frequency f i .

  d 1 as a reference and then compute reassigned MFA maps with the signals from reception points number 10 (d 10 -d 1 = 9 cm) to the number 30 (d 30 -d 1 = 29 cm) and then compute the average of the maps. Reception signals acquired too close to the reference signal are not used as too small ∆d and ∆t i induce great fluctuations in the result. The farthest reception points do not contain enough energy compared to the noise level

Figure 9 :

 9 Figure 9: Dispersion curves for the coherent phase velocity v ϕ (ω).

Figure 10 :

 10 Figure 10: Dispersion curves for the coherent group velocity v g (ω).

Figure 11 :

 11 Figure 11: Coherent attenuation parameter α(ω).

Figure 12 :Figure 13 :

 1213 Figure 12: Influence of the number of configurations of disorder on the evaluation of the phase velocity v ϕ .

Table 1 :

 1 Characteristics of each series of concrete and mortar.

Table 2 :

 2 Optimal number of configurations of disorder required to get stabilisation of the attenuation parameter α with N dis. at f = 180 kHz.
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