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Abstract 
The paper presents an automated device designed for a non-destructive concrete 

evaluation. This device uses ultrasonic surface waves. Measurements are carried out without 
any contact with the tested sample. The increase in signal level, indispensable for such a 
solution, is obtained by the use of frequency swept signals, so called “chirps”. Recorded 
signals are processed by special software which provides the velocity, the attenuation and the 
velocity dispersion of surface waves. These values can be used in order to determine concrete 
parameters. The potential of this approach is illustrated in an example of measurements over 
totally dry, or saturated, or partially saturated concrete samples, which were evaluated as a 
function of porosity, of the aggregate size and of its type. This device has already been 
successfully used in real field conditions. 

Résumé 
L’article présente un système automatique de contrôle non destructif du béton. Ce système 

utilise les ondes ultrasonores de surface. Les mesures sont effectuées sans contact avec le 
béton. L’augmentation du niveau du signal, indispensable pour une telle approche, est 
obtenue grâce à l’utilisation des signaux à balayage fréquentiel, dits « chirps ». Les signaux 
enregistrés sont traités par un programme spécial afin d’obtenir la vitesse, l’atténuation et la 
caractéristique de dispersion des ondes de surface. Ces valeurs peuvent  ensuite être utilisées 
pour l’évaluation des paramètres du béton.  

Le potentiel de cette technique est illustré par un exemple de mesures dans lesquelles les 
dalles de béton, soit à l’état sec, soit saturées à 100%, soit partiellement saturées ont été 
évaluées en fonction de la porosité, de la taille et du type de granulat. L’appareil avait déjà 
fait ses preuves dans les conditions d’ouvrages réelles. 
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1 Introduction 
The paper presents an automated device designed for a non-destructive concrete 

evaluation. This device uses ultrasonic surface waves (SW). The measurement is provided by 
an automatic system which performs rapid and precise N-point signal recording by means of a 
non-contact receiver, which moves on the measured sample. The signal is also radiated by a 
non-contact emitter allowing then a totally non-contact measure. This approach has the 
advantage of eliminating the difficult and time-consuming process of making an adequate 
coupling between concrete and the transducer. Modification of concrete surface properties, 
usually caused by the coupling agent, is also avoided. Because of the relatively high damping 
in concrete and because of the very low transmission coefficient between air and concrete, 
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only about 0.01% of emitted energy is received. Therefore, to improve the signal /noise ratio, 
the chirp technique is applied. [1].   

The emission, acquisition and processing of chirps is performed by a PC based ultrasonic 
system which also controls the displacement of the transducers. A special processing is used 
to compensate the limited transducer bandwidth, which allows obtaining an ultimate 
frequency band higher than the one usually provided by classical pulse excitation.  

The operation principle consists in reception of the SW at N points spaced by ∆x. The 
receiver automatically moves on the measured profile (Fig.1.a). The emission and reception 
are performed for each position Ri , i=1,2 …N. The inclination angle of transducers should be 
modified in accordance with the second critical angle in order to generate SW [2].  

 
 
 
 
 
 
 
 
 
 

Figure 1 . a)  Geometry of measurement, b) Automated device. 
 

The signal acquired along a profile, at distances R1-RN,  filtered and processed by chirp 
matched filter, can be considered as: 
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where si  is the signal received at the position Ri. The spectrum of s is denoted as 

)],([),( RtsRS ℑ=ω  where  denotes the Fourier transform. The examples of s(t,R) and ℑ

),( RS ω  are shown in Fig.2   
 
 
 
 
 
 

 
 
 

Figure 2) Left : Example of signal s(t,Ri) for  i=1,2…5 ;. Right: spectrum of signals si ,  
their mean and central frequency fc   

 
In the case of SW propagating in a homogenous non-absorbing medium, the analytic form of 

the signal s in time domain can be assumed as 
R

vRttsRts o
)/()(),( −
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  or respectively, 

in spectral domain, as  
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where so denotes the radiated signal form, v is the velocity of SW, 1/R0.5 represents the signal 
decay related to geometrical spreading and k is the wave number. If the absorption is taken 
into account instead of Eq(2), we have:  
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where α(ω) is the frequency dependent absorption coefficient and kα represents the 
absorption related phase shift [3]. If additionally the inspected medium is characterised by 
velocity variations as function of the depth d, i.e. when v=v(d), the elementary SW is replaced 
by a dispersive pseudo-Rayleigh wave [4] which is characterised by the velocity dispersion 
characteristics vph(ω).  

3. Signal processing  
The multi-channel signal s represents input raw data for further determination of two main 

parameters:  
- the absorption characteristic α(ω)  
-  the velocity dispersion characteristic vph(ω). 
 
The dispersion characteristics can be determined (ref. Eq.(3)) from each pair of signals 

recorded at two distances Rj, Ri as: φφωω −−= jijph /)RR()(v . In order to increase the reliability 
of the vph(ω) measurement, vph(ω) is determined using the Slant Stack (SL) transformation [5], 
which provides an average characteristic of all possible signal pairs. In order to obtain the 
velocity as a function of depth vph(d), the obtained vph can be further inverted using the SW 
inversion techniques [6]. In most of the practical cases, a single value of velocity is expected. 
This value is taken here as a group velocity vg also directly determined using SL in time 
domain. 

The absorption characteristics α(ω) is calculated from Eq(3) as:  
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for any pair i, j and next A is averaged. Practically, if a single value is expected, the 
absorption for central frequency fc: is determined directly as: )( cc aa ωω == . Independently, 
in the same time, according to Eq.(3), αc can be computed by searching for the best fit 
between an attribute of the signal s(t,R)) and the function Re Rc /α− .[7]. The attributes which 
can be used are, for example, peak-peak, maximal, minimal or mean square values. We point 
out that for a perfect and homogenous medium each attribute should give the same result αc. 
Our studies show that for non-homogenous and non-linear concrete, results are close to each 
other but differ, therefore it is relevant to use the average of these values. Consequently, the 
final value of αc is the average of eight different values of αc derived from different attributes 
which use linear and non-linear regression. In Civil Engineering  α(ωc) is often replaced by 
the quality factor Q which is calculated as Q=π/[α(ωc)λc] .where λc is the signal wavelength 
at f=fc   An example of the results obtained by using the above introduced procedure is shown 
in Fig.3. 
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Figure 3 Illustration of the results obtained for one profile; (a) Velocity dispersion vph(f);  

b) Example of determination of the group velocity;(c ) Absorption characteristic α(f); (d) 
Linear and non-linear regression curves fitting the amplitude of s(t,R)  

 

 
Figure 4. Results obtained for concrete, for P = 10 profiles;  a) Inspected equivalent surface; b) 
Velocity νg, attenuation α(fc) and Q for profiles# 1-10 and their mean value (in red); c) Ten 

characteristics  of α(f) and their mean; d)Ten characteristics of vph(f) and their mean. 
 
The result obtained for one profile is not representative because of possible non-

homogeneity of concrete. In order to obtain a more global characterisation, P parallel profiles 
spaced minimum by ∆P= λc/2 are recorded and the obtained results are averaged. The 
technique provides a global measure of the “homogenised” inspected area. An example of 
results obtained for concrete beam by averaging P = 10 profiles is shown in Fig.4. Then, the 
inspected area is the rectangle of dimensions (RN-R1)x(Px∆P). 

2 Results  
The use of the above approach is illustrated by measurements carried out in the frame of 

the SENSO project involving several French research laboratories. 
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3.1 Laboratory tests 
Dry, saturated or partially saturated concrete beams with different porosity, water content, 

aggregate size and aggregate type were examined. The research covers 192 concrete samples 
(about 2000 measurement profiles) and enabled to determine the dependence of velocity as 
function of the above listed parameters. 

 
Figure 5. Example of results obtained on the concrete samples.   a)Velocity as the function of 

porosity, parameter=water content ,b) Velocity as a function of water content, parameter=aggregate 
type  c) Attenuation α  as a function of water content, parameter=porosity ; d) Attenuation as a 

function of water content, parameter=aggregate type   
 

Some of these original results are shown in Fig.5. For example, the relations obtained in 
Fig;5.a rest in good agreement with the expected linear relation ( )bPVV 0 −= 1  [8], where P 
represents here porosity, b  and Vo are constants. 
 
3.2 In situ experiments  

The following study was performed in a maritime port in order to evaluate the degradation of 
a concrete platform which was in contact with salt water for over 20 years. It is observed 
(Fig.(6)) that the external and internal sides of the platform differ one from the other in terms 
of velocity and attenuation. The results allowed us to propose a qualitative classification of 
the inspected areas as well as to estimate the depth of modified concrete via the simplified 
inversion approach of the velocity dispersion curves. Based on obtained previously database 
(Fig.5) it can be concluded that the variations of velocity are due to moisture variations and 
the external side is more humid. The inversion of vph(w)  enables to state that the  depth of the 
increased moisture layer is similar on both sides (about 40 mm). This result is in agreement 
with the destructive test, which give a depth of alkaline degradation close to 40 mm.  

Conclusion 

The automated, portable, non-contact apparatus ensures rapid and accurate positioning of the 
receiver. This allows obtaining large quantity of data while maintaining the measurements 
time reasonably short (rate:10-points profile/ minute). The system is light, portable, easy to 
replace, and can be used in a laboratory and as well as in the field. Moreover, the rapidity and 
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simplicity of measurements enable to perform numerous measurements over the inspected 
and à priori non-homogenous concrete and then to average the obtained results. This 
additionally improves the reliability of measurements and the obtained results can be 
considered as representatives for the inspected area of “homogenised” sample. The obtained 
laboratory results, including the original relationships between ultrasonic and physical 
parameters of concrete, constitute a specific database that will be used in future for 
quantitative characterisation of concrete. 

 
Figure6. Results obtained on concrete port platform a) Platform and automated device, b) Hundred 

of characteristics of the velocity dispersion and of attenuation obtained along 5m profile, and their 
mean  c)Velocity as a function of platform side (internal/external ) d) Depth of moisture 
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