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1.  Introduction 
 
Concrete is a complex material, siege of different physico-chemical reactions which can 
provoke damage and affect structures resilience. Water content directly causes, or 
largely impacts, many of these risks, and plays an important role in the material’s 
durability. The determination of this quantity, or its variations, hence presents a great 
interest in the field of civil engineering and Non-Destructive Testing. 
Water content of a concrete sample is often determined with electrical methods. Indeed, 
characteristics of the material such as electrical resistivity and dielectrical permittivity 
are sensitive to water presence. These parameters can also be measured with the Ground 
Penetrating Radar technique, which use electromagnetic waves to probe the medium. 
More details about these techniques and the water related risks in concrete can be found 
in (1). 
Results given by these methods are however very dependent on concrete type or 
composition, and presence of ions in water, so alternative or complementary methods 
have been searched to measure water content, or track water in concrete. An acoustic 
approach has been applied to this issue (2, 3) and show that water affects elastic wave 
propagation in concrete. (3) shows an impact on surface waves velocity. These 
techniques however use ballistic waves, for which the heterogeneity of the medium can 
be an obstacle. Coda wave interferometry is a technique which uses the great sensitivity 
of the multiply scattered waves, or coda, to extract a velocity change in the medium, 
hence using the heterogeneity of the material. (4) uses this method and show its 
sensibility to the progression of a water front in a concrete sample. We here propose to 
go further in this analysis and try to bring some new information about the water front 
location in the sample, for imagery purposes. 
 
 
2.  Experiment description 
 
2.1 Set-up 
 
An experiment, designed to image a water content gradient in a concrete bloc submitted 
to capillary imbibition, is here presented. We consider a 600x260x150mm 
parallelepiped concrete sample (water-cement ratio = 0,8 ; volumic mass = 2475kg.m-3 ; 
open porosity = 18% ; aggregate maximum size = 14mm), whose inferior – and larger – 
side is submerged in water. The fluid level above the bottom of the bloc is maintained 

M
or

e 
in

fo
 a

bo
ut

 th
is

 a
rt

ic
le

: 
ht

tp
://

w
w

w
.n

dt
.n

et
/?

id
=

22
89

1

https://creativecommons.org/licenses/by-nc/4.0/


2 

 

 

constant to around 1cm during the experiment, so the water pressure is close to 
atmospheric pressure, hence assuring a non-forced imbibition. In order to provoke a 
vertical phenomenon, lateral sides are covered with waterproof resin while the top one 
is free. To monitor the water gradient’s evolution, four humidity sensors 
(thermohygrometric) are placed in the concrete sample at different height. Ambient 
temperature and humidity level are also recorded. Ultrasonic emitters and receivers, 
glued on the top and one lateral side of the bloc, permit to retrieve impulse responses in 
a 200 kHz to 400 kHz frequency range. These responses are regularly measured in time 
during the imbibition. 
Another concrete bloc with identical characteristics is monitored without water to 
correct ambient temperature and hygrometric effects. Figure 1 shows a schematic 
description of this experimental setup. 
 

 
 

Figure 1. Experimental set-up  
 
 
2.2 Signal processing and forward modelling 
 
Recorded signals show strong scattering. The non-ballistic part of these signals, called 
coda, is here used because of its repeatability and its great sensitivity to small changes. 
For each emitter-receiver couple, a reference signal is defined, corresponding to the 
time just after the beginning of the imbibition. All following signals are then compared 
to this first one using the stretching technique (5). This method permits to extract, for 
each compared signal, two observables θ and Kd, for several time-window in the coda. 
θ corresponds to a change in the phase of the signal, whereas Kd is the remaining 
decorrelation between the two signals, after correction of the phase shift. The evolution 
of these two observables during the imbibition is shown in Figure 2 (left), for one 
emitter-receiver couple, and three time-windows in the coda. 
In the case of a heterogeneous change, as it is the case here, θ is considered as the 
weighted average of the relative velocity change through the medium. The weighting is 
defined by the time spent by coda waves at each location of the medium (sensitivity 
kernels), so depends on sensors locations and time-window in the signal (6). Kd is 
related to micro structural changes, and is linked, still using sensitivity kernels, to the 
cross section density change (6). These considerations constitute the direct problem, 
which can be used, if combined with an inversion procedure, to map the relative 
velocity and cross section change in the medium (Locadiff technique, 6). 
Direct problem is here used to simulate θ and Kd, considering a perfect water front, 
whose evolution in time is given by humidity sensors, and whose saturated part causes a 
10% relative velocity change (3) and a σ0  cross section density change (arbitrary value, 
the simulation hence gives Kd/σ0). Simulated results are given in Figure 2 (right). 
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3.  Results and discussion 

 
Figure 2. Experimental (left) and simulated (right) results. Evolution of stretching observables 

along the imbibition, for three different time-windows in the coda, centred at 0.17ms, 0.4ms, 0.6ms 
 
We first observe in Figure 2 the difference of magnitude between the two observable’s 
variations. Kd’s are very important. Furthermore, we expect both θ and Kd to increase 
with the observation time in the coda. The region probed by the waves is indeed deeper, 
so they interact during a longer time with water. This is not the case here for θ, which 
was not expected according to literature, where experimental works (2, 3) show 
variations of ballistic waves velocities with water content. We hence interpret our 
results by insisting on the fact that we here use non ballistic waves, which are sensitive 
not only to the effective medium property (such as velocity) but also to the medium 
micro-structure, at the pore scale. This structure change is here shown to have a much 
greater effect on coda than the velocity change. This velocity change, easily measured 
with ballistic waves, is here not detectable by CWI. Kd hence seems to be a better 
indicator of water presence, so its inversion, to retrieve the cross section density change, 
will be tested. 
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