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The paper presents the results obtained with the frame of the French research project “Non-Destructive
Evaluation of Containment Nuclear Plant Structures” (ENDE), being conducted in the period between 2015-
2020, which are related to the monitoring of concrete in a nuclear industry context. The project aims to
develop Non-Destructive Testing techniques (NDT) that can be applied to evaluate concrete in containment
enclosures [1]. The main goals of this project are the estimation of concrete properties and the detection of
concrete damages and cracks. Generally, methods based on different physical approaches like acoustic-
ultrasonic, electric, electromagnetic, optic, thermal, X rays, etc. can be used for the NDT of concrete [2].
The common feature of the method presented in this paper is the use of acoustic Surface Waves (SW). They
propagate along the surface of the inspected material, and their depth of penetration is frequency-dependent
and is close to SW wavelength. This property is useful to inspect the concrete wall at different depths [3,4].
The paper presents the results obtained using the automated Low Frequency Surface Wave Scanner (LFSW)
designed for the non-destructive control of concrete using ultrasonic surface or plate waves. The LFSW’s
operation is similar to the operation of the High Frequency scanner described in [4,5]. The measurement
consists of signal recording by means of the non-contact receiver moving along measured sample surface.
The signal is radiated by a non-contact emitter and can cover the sonic and ultrasonic frequency band,
ranging from 5 to 50 kHz, just assuring that SW penetrates in concrete up to depth to 50 cm (inspected wall
thickness). Its non-contact operation does not require any physical contact with the tested object (i.e., air is
used as a coupling medium) and it is of particular interest for fast scanning of great surfaces, where coupling
(physical contact) between the ultrasonic transducers and tested materials should be avoided. Because of the
very low transmission coefficient between air and concrete, in order to improve the signal /noise ratio, the
chirp technique is used [4]. The scanner is, portable and can be used in a laboratory and as well as in site.
The acquired multi-channel spatio-temporal signal is processed in order to obtain the ultrasonic group
velocity, the velocity dispersion characteristics and the ultrasonic attenuation versus frequency. The in situ
experiments aiming in validation of the developed technique were carried out in the VeRCoRs containment
mock-up which constitutes the containment building of a nuclear power plant in scale 1/3 [1]. The
measurements were performed at the zone having two known cracks in two stages: 1. During the leakage
test carried out in one week in March 2019. During this test the internal pressure increases up to 4 bars and
next the pressure decreases (as a leakage effect); internal temperature is kept constant. 2. During 1 month,
with constant atmospheric internal pressure, but the plant was subjected to temperature changes caused by
internal heating and by natural variations of external temperatures. The results obtained in (1) concerning
the crack evaluation well correlate (R2=0.8-0.95) with the crack opening measured by means of fiber optics
(FO)[6] which is considered a very accurate method for estimation of cracks openings [6]. This proves the
potential utility of the LFSW in monitoring the concrete cracks and suggests that the LFSW could
alternatively replace FO technique in in monitoring of structures not equipped with fiber optics. The LFSW
displays the ability to detect very small crack openings of few micrometers. This permits to use this approach
in nuclear industry and as well in civil application were researched for openings are even much greater (order
of 100 micrometers). The results obtained in (2) show that the variations of the internal and external
temperature induce the modifications of cracks openings, and these modifications are of the same order as
those obtained during the leakage tests. Independently the obtained values od SW velocity, its dispersion
and attenuation show that the LFSW permits to follow mechanical parameters of concrete. The presented
work aimed in the power plants NDT, but the LFSW is also well adapted to the diagnostic of concrete
elements, bridges and buildings. Keywords: Automated NDT, concrete, surface waves, air-coupled
ultrasonics, crack detection and evaluation, power plant, civil engineering, guided waves, NDT for bridges
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