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Various non destructive testing methods, based on the propagation of ultrasonic waves, can be used to characterise the mechanical properties of structural 
concrete in situ. The results obtained however are heavily influenced by both water content and concrete mix design. To overcome these biases, it is neces
sary to recalibrate the results on a small number of cores, whose water content has been laboratory con trolled. To this end, an experimental device 
designed around the transmission of bulk waves has been developed. The aim of this paper is to introduce and describe such a device, which is able to take 
into account specimen size, centre frequency and ease of use. The studied mixes herein are composed of wet shotcrete, dry shotcrete and concrete that has 
been formed and manually set. Measurement results show the evolution in wave velocities relative to four degrees of saturation. Moreover, measurement 
uncertainties in the values of velocities, Young’s modulus, shear modulus and Poisson’s ratio are quantified.

1. Introduction

Various ultrasonic non destructive methods are available for
characterising the mechanical properties of concrete cores in the
laboratory or in situ reinforced concrete structures [1 11]. The re
sults derived from methods introduced in situ however are heavily
influenced by water content, concrete mix design and external
conditions, as revealed in the French project ANR SENSO [12 14],
during which ultrasonic results were correlated with mechanical
properties and porosity for concretes under homogeneous mois
ture conditions. These empirical relationships could then be used

to estimate the in situ porosity thanks to ultrasonic measurement
results [15]. It was demonstrated that this estimation is more accu
rate for the specific concrete mix chosen to establish the relation
ship. Yet each concrete structure was designed with a different
concrete mix and then exposed to different environmental condi
tions. In order to overcome these formulation and moisture biases,
it becomes necessary to recalibrate the results due to ultrasonic
wave propagation on a small number of cores whose water content
has been accurately controlled in the laboratory.

The in situ measurement techniques tested during the ANR
SENSO project are based on measurements of the compression
wave velocity in transmission and the surface wave velocity [16],
as well as on the impact echo method [15,17] for calculating the
compression (P), shear (S) and Rayleigh (R) wave velocities in
addition to the dynamic Young’s modulus and Poisson’s ratio of
both beams and slabs. To recalibrate the results yielded by these
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techniques, a determination of the dynamic Young’s modulus and
Poisson’s ratio at various frequencies is critical. To produce such a
determination, the compression P and shear S wave velocities at
various frequencies need to be recorded. For this purpose, a mea
surement device based on P and S wave propagation in transmis
sion has been developed as part of the present study.

The objectives of this paper are twofold: first to present the de
vice that meets specific recalibration requirements in terms of
specimen dimensions, centre frequency and ease of use; and sec
ond to display the initial measurement results on various repair
materials differentiated by their water content.

The first part of this paper will be devoted to the description of
the experimental device. The set of design constraints imposed on
both the device and samples will be described. Choices regarding
signal frequency, transducers and supports will be analysed along
with the errors generated by dimensioning constraints. Next, a
dedicated signal processing software package will be run in order
to determine the P and S wave velocities and deduce the dynamic
Young’s modulus and Poisson’s ratio in addition to their uncertain
ties. The device validation step is performed using standard mate
rials (PolyVinyl Chloride ‘‘PVC’’, PolyTetraFluoroEthylene ‘‘PTFE’’
and aluminium ‘‘Al’’).

The second part of this paper will focus on the experimental re
sults. The four repair materials, test sample preparation and mate
rial characterisation will all be presented. Sample pre conditioning
and the set of ultrasonic testing conditions will be discussed before
analysing the experimental results in drawing conclusions with re
spect to the water content of concrete.

This ultrasonic device has been designed within the framework
of the project FUI MAREO (acronym for MAintenance and REpair of
marine concrete structures, Optimisation by risk analysis). The
objective of this project is to evaluate the performance of various
repair materials through the use of both destructive and non
destructive testing methods. A total of four repair materials con
taining cement have thus been studied; these materials differ from
one another by either their mix design or corresponding repair
technique.

2. Design and validation of the experimental device

2.1. Constraints imposed on the ultrasonic device

It was found in a previous work [14,18] that the establishment
of a diagnosis that takes into account the porosity and water con
tent in concrete by using non destructive (ND) techniques needs
the following steps. First, combine complementary measurement
techniques based on the propagation of electromagnetic and ultra
sonic waves as well as electrical current. Second, determining the
calibration curves relating the ND observables (electromagnetic
permittivity, electrical resistivity, ultrasonic wave velocities or dy
namic moduli) with the physical properties (porosity, degrees of
saturation ranging from 40% to 100%), as illustrated in Fig. 1. Third,
derive these calibration curves for each mix design type given that
the ND observables are influenced and biased by the concrete com
ponents and in particular by aggregates.

Fig. 1a shows that the dielectric constant is linearly correlated
to water content for six different concretes whereas Fig. 1b shows
the linear correlation between the dynamic Young’s modulus ob
tained by the impact echo method and the porosity of the same
concretes in saturated and dry conditions. The error bars corre
spond to the standard deviation of the measurements on three
samples for porosity and eight slabs for the dynamic modulus
meanwhile very small.

The calibration curves can be obtained on cored samples from
the investigated structure. The IFSTTAR Laboratory already pos

sesses an electromagnetic coaxial cylindrical cell [19], while an
electrical resistivity cell is currently in the production process. In
order to complement these devices, it is therefore necessary to de
sign an ultrasonic device. Therefore, the cored specimens can be
investigated by all these devices hence their dimensions must be
the same (a height (h) of 70 mm and a 75 mm of diameter). More
over, the ultrasonic methods used in situ within the scope of the
ANR SENSO project are: an ultrasonic transmission device with a
typical centre frequency of 250 kHz, two experimental devices
for propagating surface waves with a frequency range between
50 and 150 kHz and a measurement device for the impact echo
method with low frequencies (from a few kHz to approximatively
25 kHz).

It was shown, in the ANR SENSO project, that the linear regres
sion obtained on slabs using these four methods depended on the
signal frequency, which thus imposed working at frequencies of
less than or equal to 250 kHz.

2.2. Choice and parameterisation of the experimental device

2.2.1. Working frequency

The choice of working frequency (fc) depends mainly on the
wavelength value kP, S = CP, S/fc, where k denotes the wavelength
and subscripts P and S designate the primary and secondary waves,
respectively. CP and CS represent the respective phase velocities of
the compression and shear waves. For the concretes studied herein,
the variation ranges of the compression and shear phase velocities
examined are [3500 5000 m/s] and [1800 2600 m/s], respectively.

Regarding the imposed small sample size, the choice of centre
frequency for the transmitted signal is a compromise that serves

Fig. 1. Example of non-destructive observables correlated with physical properties

[14].
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to: avoid the resonance phenomenon by respecting k/h < 1, comply
to the greatest extent possible with representative volume element
(RVE) condition of k > LRVE > D, where LRVE and D are the RVE char
acteristic length and the maximum diameter of the concrete aggre
gate, respectively and avoid as much as possible any overlap
between the emitted and converted waves on the edges of the
sample. These conditions require working at a centre frequency
of around 250 kHz.

2.2.2. Transducers

The choice of transducers is based on two considerations: first
their ability to generate both the compression and shear waves
with a good signal to noise ratio, and second their adaptation to
hydraulic concrete. Due to boundary conditions and specimen han
dling time, it is preferable to introduce two transducers (one for P
waves the other for S waves) within the same box. To avoid reflec
tions from the edges of cylindrical samples, these transducers must
be unidirectional. For this reason, the transduction surface area
must be relatively large. The decision was made to use coaxial
piezo composite transducers manufactured by the Sonaxis com
pany; these transducers are well adapted to concrete in terms of
acoustic impedance and display a very good signal to noise ratio.
The compression wave transducer is located at the centre, whereas
the shear wave transducer is annular (see Fig. 2). The two piezo
composite transducers can be excited independently. Indeed, each
generated signal by the P wave emitter is acquired by the P wave
receiver and so for the S wave. Then, the measured signals from
each transducer are recorded and processed separately from each
other.

A coupling gel well suited to shear waves has been applied onto
the transducer surfaces to ensure optimal acoustic coupling.

2.3. The experimental device

The measurement protocol requires the production of a support
in order to maintain both the samples and transducers. A prototype
has been built in the IFSTTAR Laboratory (see Fig. 3). Such a sup
port provides for concentricity of the transducers and sample;
moreover, it is adaptable to various specimen sizes.

The emitter is connected to an impulse generator (Sofranel),
with the excitation signal being square in shape. The applied volt
age amplitude equals 200 V, while the operating frequency is
250 kHz. The receiver is connected to a Sofranel amplifier, whose
applied gain can vary between 50 and +50 dB. The received signal
is amplified and then sent to an oscilloscope (Fig. 3) for visualisa
tion and averaging. This oscilloscope carries out an averaging over
64 signals. Averaged results are sent to a computer via a GPIB card
for both storage and processing.

Signal processing is performed by a dedicated software devel
oped under Matlab. This software offers the ability to modify the
time scale in order to facilitate detection of the arrival of either

the P or S wave and detect automatically the arrival of the P
and S waves by use of one of the two implemented algorithms;
correct manually the automatic detection in case of inconsistency
and then define a probability range of existence of the S wave ar
rival due to identification difficulty; determine the dynamic
mechanical properties (m, E and G) and associated uncertainties.

Two implemented algorithms can detect automatically the arri
val of the P and S waves. The first one is based on the detection of
a signal perturbation. The second algorithm is based on a sign
modification (zero crossing) in a defined time zone. The former is
more suitable for the P wave arrival time detection and the latter
for the S wave. In fact, when the S wave is easily identified, the
suitable automatic algorithm can be used. However, when the lat
ter gives wrong results due to identification difficulty and inconsis
tency, the user must chose manually the time window in which the
probability of the S wave existence is high.

2.4. Experimental protocol and data analysis

The first step of the experimental protocol is the determination
of the time of flight between the emitter and the receiver of the P
and S waves. This time is subtracted from the measured arrival
time since it only depends on the transducers structure and the
coupling gel. Studied specimens are weighted then positioned be
tween the transducers in up to down configuration (waves travel
ling from the top to the bottom of the core). Then, 10 signals are
measured and recorded, each of them is the average of 64 signals
with a sampling frequency of 40 MHz. Finally, specimens are posi
tioned in down to up configuration (waves travelling from the
bottom to the top of the core) and 10 another signals are recorded
for treatments.

The arrival time is determined from the acquired signal. The P
wave arrival time is easily identifiable due to the high value of the
signal to noise ratio (Fig. 4a). However, identification of the S wave
arrival time (Fig. 4b) proves difficult, as a result of the presence of
either a P wave derived directly from the emitter or a converted S
wave at the edges of the cylinder. The fact that P wave velocity ex
ceeds S wave velocity disturbs the identification of S wave arrival
time, even though its amplitude remains small. This phenomenon
increases uncertainty in the S wave arrival time determination and
thus in the shear velocity calculation. The magnitude of the P to S
wave ratio depends on the tested material.

In this work, to overcome the detection difficulty mentioned be
fore, the S wave arrival time is determined in a time window range
([ts1ts2]). This has the advantage to improve S wave arrival detec
tion but its drawback is the increasing of the uncertainty DtS = ts2Fig. 2. Sonaxis piezo-composite transducers.

Fig. 3. Close-up of the experimental device.
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ts1. In future work, it will be necessary to develop more advanced
methods for identifying the arrival times of P and S waves.

The height (h) of the cylindrical specimen and its diameter are
measured using a calliper at several points so as to obtain the mean
values and their corresponding uncertainties (noted D), allowing
for the calculation of volume and density. The arrival times (t(P,S))
and heights are then used to determine the pulse velocities
(C(P,S)) of P and S waves for each recorded signal. The following re
sults have been recorded from averaging 10 signals for each config
uration (i.e. up to down and down to up) as well as for both the P
and S waves. The associated uncertainty corresponds to a combi
nation of uncertainty related to the standard deviation of 20 values
and uncertainty on the height, as expressed in Eq. (1) below. More
over, for the S wave, the uncertainty in S wave identification has
been taken into account, hence the large error bar magnitudes.
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Lastly, the Poisson’s ratio (m), the Young’s modulus (E) and the shear
modulus (G) and their associated uncertainties are given below:
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3. Experimental procedure

3.1. Repair materials

Three industrial repair concretes have been applied using four different imple-

mentation techniques: (I) wet shotcrete, (II) dry shotcrete, (III) manually-imple-

mented concrete, and (IV) formed concrete. The repair concretes (I) and (III) were

based on the same mix design. These materials and techniques have been chosen

in accordancewith European standards [20] and applied in order to repair reinforced

concrete beams that had been polluted by chlorides within a tidal zone and then

purged by means of hydro-demolition before undergoing repairs in September

2008. As part of this procedure, 10 slabs of eachmaterial were cast for testing various

destructive and non-destructive characterisation methods [21,22], with an empha-

sis on the following NDT techniques: impact-echo, surface waves, multi-offset radar,

and the capacitivemethod [23]. Furthermore, it should be noted that after this repair

work, all surfaces were levelled in order to improve surface roughness.

Slab number 10, prepared with dimensions of 50 � 50 cm and 25 cm high, was

designed for coring. In the following discussion, the study focuses on cored samples

extracted from this slab. A cored cylindrical sample with a diameter of 75 mm was

extracted at the centre of the slab for each material and each method. This cored

sample was then sawn into three individual samples 70 mm high numbered from

1 to 3 depending on the position: 1 for upper (formwork surface), 2 for the middle,

and 3 for lower (bottom of the mould). For mix (II), the slab contained cracks and

voids; consequently, a second slab of dry shotcrete, labelled IIb was cast and two

new samples were cored (i.e. 1 and 3). Each of the 14 samples was identified by

a code (like III-2) indicating both the repair technique and sample position.

3.2. Material characterisation

The mechanical characteristics were determined experimentally on cores of

dimensions (;95 � 240 mm) derived from slab number 10. Eight cylindrical sam-

ples were cored for each material. The protocols adopted for measuring compres-

sive strength Rc (three samples), static Young’s modulus Estat (two samples) and

Poisson’s ratio m (one sample) are all compliant with current standards [24–26]

and recommendations [27].

Regarding durability indicators, the bulk porosity accessible to water / and the

saturated density of concretes qsat were both determined on remaining samples by

means of vacuum water saturation in compliance with AFPC-AFREM [28]

recommendations.

Table 1 summarises the studied repair materials and techniques along with

their mechanical and physical properties [21].

3.3. Sample pre-conditioning

All 14 core samples were cured under water for 8 months. These samples were

then considered to be saturated, i.e. S = 100%, where S represents the degree of sat-

uration. These samples were then dried in an oven for 32 days at a temperature

T = 72� ± 4 �C. Afterwards, the specimens were weighed twice within a 24-h interval
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Fig. 4. Time signals of (a) P-wave and (b) S-wave acquired in transmission on a core

with S = 60%.

Table 1

Properties of the four repair materials and corresponding techniques: (I) wet

shotcrete, (II) dry shotcrete, (III) manually implemented concrete and (IV) formed

concrete.

Code Rc (MPa) Estat (GPa) m qsat (kg/m
3) / (%)

I 54.4 ± 0.5 32.5 ± – 0.27 2274 ± 18 20.6 ± 0.6

II 49.3 ± 0.5 31.8 ± 1.1 0.22 2371 ± 18 12.6 ± 0.3

III 50.0 ± 0.5 23.0 ± 0.1 0.22 2226 ± 12 22.4 ± 1.0

IV 67.1 ± 0.5 34.3 ± 0.2 0.25 2359 ± 16 16.6 ± 0.8
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to ensure that they were completely dry and compliant with the criterion recom-

mended in the AFPC-AFREM [28] method:

Mt Mtþ24h

Mt

6 0:05%: ð5Þ

The samples were considered to be dry (S = 0%) once the above equation had been

satisfied.

The next targeted degree of saturation was S = 30%, which could be derived by

moistening the samples through imbibition until reaching the desired mass. The

specimens were then protected by a plastic wrap and aluminium adhesive foil be-

fore being placed in an oven at T = 62� ± 4 �C for 3 weeks in order to homogenise

water distribution inside the cores, according to the protocol recommended by Par-

rott [29]. The specimens were again weighed just prior to the ultrasonic measure-

ments, allowing for computation of the real degree of saturation Sr (Table 2).

The second targeted degree of saturation was S = 60%. Both the imbibition and

homogenisation phases of moisture rely on the same protocol as for the degree of

saturation target S = 30%. The real degrees of saturation calculated just before con-

ducting the ultrasonic measurements are shown in Table 2.

The final targeted degree of saturation was S = 100%. The cored samples were

saturated with water under a vacuum, in accordance with the protocol recom-

mended by AFPC-AFREM [28]; next, they were immersed in water for several days

before being measured. It should be noted that some samples had not been fully

saturated. Consequently, the saturated mass is actually the maximum of the weigh-

ing results after curing and after the second saturation under vacuum. The real de-

gree of saturation immediately before the ultrasonic measurements was then

calculated.

For all measurements and targeted degrees of saturation S = 0%, 30%, 60% and

100%, the centre operating frequency equals 250 kHz.

4. Characterisation of the repair materials with respect to the

water content

In this section, results for the various degrees of saturation are
presented in terms of the real degree of saturation calculated by
using the mass values. It is worth noting that for the dry state,
these measurements have been carried out without either the sup
port of transducers, which ensure the centring of samples relative
to transducers, nor the adapted coupling gel for shear waves. These
results therefore have not been presented in the paper except for
the P wave velocity. Indeed, P wave has a good noise to ratio signal
and has the highest velocity.

4.1. Determination of bulk wave velocities

Fig. 5 shows the P wave velocity measurement results of all
concrete samples I through IV. Results obtained for the second
batch (i.e. IIb) of the dry shotcrete (II) are reported in the series
of figures corresponding to this concrete mix. Note that the error
bars are small for P waves, thus indicating that the measurements
are reproducible on the 10 measurements of each configuration.

The protocol and analysis of results are satisfactory for P waves.
The differences between the three specimens of each concrete can
be explained by the material variability [30] and position. It can be
observed that results on concretes I (wet shotcrete) and III (manual

repair), produced with the same material composition, show dis
crepancies. Sample 1, located near the worked surface, seems to
behave differently from samples 2 and 3, which are located in
the centre and bottom of the mould, respectively.

Though specimens II and IIb (dry shotcrete) correspond to two
different batches of the same mix formulation, the P wave velocity
values have the same order of magnitude, yet differences from one
batch to the next are clearly visible. For concrete sample IV speci
mens (formed concrete), results of the P wave velocity values pres
ent the same order of magnitude.

For most of the concrete test specimens, we have observed that
P wave velocity increases as the degree of saturation rises from
30% to 100%. This can be explained by the greater increase of the
sample Young’s modulus than the simultaneous increase of den
sity. A slight decrease or nearly constant value of the P wave veloc
ity has been recorded between the nearly dry state and the state
corresponding to S = 30%. This phenomenon is more difficult to ex
plain: we tried to explain these results thanks to forces existing in
unsaturated media with a very fine micro structure such as con
crete. In fact, samples are dried at 70 �C to avoid hydrates degrada
tion thus, they are not fully dried, meanwhile, to be able to
calculate the degree of saturation we have assumed that the equi
librium mass reached at 70 �C is the dry mass. The real degree of
saturation is near 5%. The lower is the saturation degree, the finer
are the pores involved by drying and the higher are the capillary
forces [31]. So it could be assumed that the remaining water con
tent contributes to rigidify the porous material therefore induces a
higher velocity for the nearly dry state than for S = 30% [14,17].
This latter has also been observed for soils [32,33].

Fig. 6 depicts the S wave velocity vs. the degree of specimen
saturation. This figure reveals a slight velocity increase in the S
wave with the degree of saturation, although this trend shows
the same order of magnitude as measurement uncertainty. In the
future therefore, it will be necessary to reduce uncertainty in order
to draw actual conclusions.

4.2. Mechanical moduli

Fig. 7 shows the results of the Poisson’s ratio computations. The
Poisson’s ratio values obtained are on the order of 0.24. This
parameter does not change significantly enough to distinguish
the various concrete specimens.

Figs. 8 and 9 present the Young’s dynamic modulus and the
shear dynamic modulus, respectively computed with Eqs. (3) and
(4). These moduli increase as the degree of saturation rises from
30% to 100%, with the same trend noticed for velocity and density.
It is worth noting that the unexpected results of G and m are due to
the difficulty to obtain the shear wave arrival time with a good
accuracy. The error bars of G and m are highly influenced by this ar
rival time.

4.3. Comparison of results obtained by different techniques

In what follows, the obtained results are compared to those ob
tained by three different methods: the mechanical resonance fre
quencies (Grindosonic), the mechanical destructive technique
and the impact echo.

The commercial device Grindosonic (denoted Grindo) is based
on a frequency resonance technique [34 37] by exciting the core
with a wood made ball. Two fundamental frequencies are mea
sured to derive the Young’s modulus and the Poisson’s coefficient.
In this study, the Grindosonic tests have been performed on the
whole specimen (240 mm high).

The destructive method permit to get static Young’s modulus
(denoted ‘‘stat’’) which is based on longitudinal displacement of a
specimen recorded during application of three loading cycles cor

Table 2

Mass measurements of samples (g) vs. saturation level S (%).

Sr,30% Sr,60% Sr,100%

I-1 28.26 56.89 100.00

I-2 27.80 56.70 99.36

I-3 27.93 55.74 98.25

II-1 24.72 59.51 100.00

II-2 29.12 56.90 100.00

II-3 28.64 56.03 100.00

III-1 28.82 59.30 98.26

III-2 29.20 62.27 99.92

III-3 29.07 58.50 97.16

IV-1 28.19 57.59 100.00

IV-2 28.51 61.34 99.02

IV-3 27.70 51.61 98.05

IIb-1 28.48 53.00 100.00

IIb-3 28.00 55.67 97.28
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responding to 40% of the compressive strength [26]. Poisson’s ratio
is obtained when transversal displacement of a specimen is also re
corded. Here, the longitudinal displacement measurements have
been performed on the central part of a specimen using a cell of
100 mm high. The impact echo method consists in the measure
ment of resonance frequencies on water saturated slabs. The main
characteristic frequency corresponds to the first symmetrical Lamb

mode (S1). For slabs, the other measured frequencies are identified
to resonance bending modes. Then, the Young’s modulus and the
Poisson’s coefficient, denoted ‘‘dyn IE’’, are obtained by using an
inversion algorithm [15,17]. Results of the afore studied ultrasonic
device in transmission mode on cores are denoted ‘‘US dyn’’.

Fig. 10 provides the values of Young’s modulus and Poisson’s ra
tio. These Young’s moduli are consistent with the saturated density
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Fig. 5. Compression wave velocities of the various cores.
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Fig. 6. Shear wave velocities of the various cored samples.
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and porosity measurements for each of the four materials. As for
the dynamic Young’s modulus values determined by both the im
pact echo method and ultrasonic transmission device, they are
greater than the static modulus values; moreover, as frequency in
creases, the modulus value also rises (thereby corroborating the re
sults of the SENSO project). The error bars have been computed for
2 or 3 core or slab specimens.

The measurements are highly scattered when applying either
the transmission method or the impact echo method. In statics,
measurements may be performed on just a single core; for this rea
son, the error bar is absent.

The measurements carried out using Grindo produce aberrant
Poisson’s ratio values. Normally dynamic moduli are greater than
static ones, which is not the case for the shotcrete samples. First,
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Fig. 7. Poisson’s ratio values identified for the various specimens.
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Fig. 8. Young’s modulus values derived for various specimens.
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the Grindosonic tests and the static measurements have been car
ried out on other samples which dimensions are different from
those used in this work. After being cored in slabs of
500 mm � 500 mm � 250 mm, their diameter and height were
equal to 95 mm and 240 mm, respectively. The Grindosonic tests
have been performed on the whole specimen (240 mm high). By
the way, the recommended elongation for the Grindo device (twice
the diameter) is not respected in this work. Second, the unexpected
effect is observed principally for the both shotcretes, I and II, for
which the extremities are strongly affected by the casting methods.
Indeed, the induced heterogeneities in the hight cause probably
the observed decrease in the Grindo moduli in comparison to the
static one, because the static measurements have been carried
out only on the central part of a specimen using a cell of 100 mm
high. Nevertheless, this device being known by the structure
inspectors, it was worth to compare it to other ultrasonic methods.

5. Conclusion

In this work, an ultrasonic device in transmission mode has
been developed. This device allows characterising cores extracted
in situ from a structure. This characterisation process serves to
quantify the measurement bias relative to water content. The de
vice consists of two concentric, piezo composite rings that enable
generating P and/or S waves at a centre frequency of up to
250 kHz. The centre frequency was chosen so as to satisfy the set
of imposed constraints. The transducers and sample supports were
designed to ensure centring of the entire assembly. A special con
tact adapted to S waves has been recommended herein. A dedi
cated data processing software has also been developed as part
of this work programme. The measurement protocol could then
be validated on several standard materials.

Four distinct repair materials and techniques were tested dur
ing this study. Three cores of each material were pre conditioned
in order to obtain homogeneous saturation. All measurements in
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Fig. 9. Shear modulus values derived for various specimens.

Fig. 10. Comparison of the results obtained from all 4 methods (Grindosonic, under

press or static, impact-echo and transmission device) relative to: (a) Young’s

modulus and (b) Poisson’s ratio.
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the dry state and a few in the saturated state would however need
to be repeated. Study results show the evolution in ultrasonic wave
velocities and dynamic moduli vs. the degree of saturation. The
measurements based on S wave propagation are scattered. Signal
arrival is harder to identify given that a P wave is superimposed
at the beginning of the wave. The subsequent major uncertainty
in S wave velocity measurements influences the calculation of dy
namic modulus uncertainties.

The resulting P waves are not scattered. P wave velocity and
the dynamic Young’s modulus vs. saturation level both increase
when the degree of saturation lies between 30% and 100%.

In conclusion, an ultrasonic device is now available to deter
mine the regression curve correlating the non destructive results
with the degree of saturation, as defined during the ANR SENSO
project. This recalibration curve is essential in establishing a dura
bility diagnosis of the concrete structure. To deduce simulta
neously water content and physical properties (porosity or
strength), electromagnetic and ultrasonic results are combined
either by multi linear cross correlations or data fusion as de
scribed in [15] in particular.

During future research efforts, it will be necessary to verify that
the measurements performed on slabs and cores lead to the same
recalibration curves. Moreover, a parametric study on the signal
centre frequency must be carried out to account for its influence
on the dynamic modulus.
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