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H. IDRISSI and A. LIMAM*
Physico-chimie Industrielle, I.N.S.A. Lyon, Lyon, FRANCE

* U.R.G.C. “Structures”, I.N.S.A. Lyon, Lyon, FRANCE

ABSTRACT

The deterioration of reinforced concrete structures is of major concern. Most of the damages are the
consequences of reinforcement (steel-rebar) corrosion. Rebar corrosion can be induced by chloride or by
carbonation. It is well known that the chloride rebar corrosion is more detrimental and that this process
contains three basic components: chloride diffusion, electrochemical corrosion and concrete fracture.
Therefore, the early detection and the checking of state of corrosion of reinforcing rebars by non-
destructive techniques are important not only in an academic point of view but in practical applications
concerning structure’s maintenance and repair. This paper presents the results of an experimental
investigation on the use of acoustic emission during the corrosion of steel rebars embedded in mortar
and immersed in sodium chloride solution. The process of corrosion is accelerated by various imposed
potentials and is followed by AE coupled to electrochemical techniques. The experimental results show
that AE methods can detect the initiation steps damage and a perfect correlation between the evolution
of the acoustic activity and the current of corrosion density. This could allow us to evaluate the corrosion
rate and to simulate the long-term degradation behavior of reinforced concrete.

INTRODUCTION

Nowadays, the durability of concrete structures has become a matter of concern, primarily because of the
corrosion of steel reinforcement. The problem is not due to mechanical strength deterioration of rebar, as
only a few percent of the steel cross-section is corroded after 10 years [1], but it is because the corrosion
products exert stresses within the concrete, which cannot be supported by its limited plastic deformation,
and the concrete therefore cracks [2], leading to delamination and spalling of the concrete cover. The
break-down of the steel-concrete interface can lead to the failure of the structure. The tendency of steel
rebars to corrode or not depends on its potential corrosion evolution in its environment. Hence,
infrastructure corrosion is linked to the composition and to the fabrication process of the concrete; it
depends particularly on the presence of aggressive agents such as chlorides, sulphates, acids, in the
employed materials and in their environment of use.

The processes or mechanisms of rebar corrosion are well known [3-5]. The importance of both chloride
and hydroxide ions in reinforcement corrosion process is studied by several authors [6,7]. While most of
the concrete damage processes are well explained and studied with accuracy by laboratory techniques,
current inspection methods of reinforced concrete structures lack accuracy and can provide sufficient
information only after corrosion has occurred.

This study aims at establishing a laboratory technique, based on the coupling of acoustic emission with
electrochemical methods allowing, on the one hand, early detection and control of the reinforcements
corrosion in the concrete, and on the other hand, the simulation of the long-term behavior of reinforced
concrete degradation. The degradation mechanism of mortar, and the reinforcement corrosion itself, was
followed by acoustic emission. The acceleration of the corrosion process was carried out by various
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imposed potentials. The obtained results first show a perfect correlation between the acoustic activity
and the behavior of reinforcements when corroded in the NaCl solution.

TEST SPECIMENS, EXPERIMENTAL DEVICE AND PROCEDURE

The samples used in this study are made from a normalized mortar with a water-cement ratio of 0.5. The
composition of this mortar is given in Table1. The dimension of these samples (Fig. 1) was defined in a
way representative of the real structures, and the standard cover concrete dimension is preserved.

Table 1: Chemical composition of concrete.

Component Weight (g)
Water / Cement 0.5
Water 225
Portland cement CPA 52-5 450
Normal sand ISO 679 1350

Fig. 1: Test specimen.

The mortar was mixed automatically and poured in PVC mould in which a carbon steel reinforcement, 5
mm in diameter and 60 mm length, was placed along the mould longitudinal axis. The sample is then
compacted with the assistance of a vibrating table during 60 s, then cured in a climatic chamber, with a
relative humidity higher than 50% during 4 weeks.  The upper face of the cylinder is polished with a
silicon carbide paper (standard P180) so as to obtain a smooth surface giving a better contact interface
with the sensor of acoustic waves. The contact for electrochemical measurements is ensured by direct
connection on the steel reinforcement. An epoxy resin coating is then applied to the lower face of the
sample so as to impose the infiltration of the solution only by the side faces.

The experimental device used is composed of two systems (Fig. 2):
1.  An electrochemical system of measurement consisted of a potensiostat Tacussel-Radiometeur PGZ

301 coupled to a computer and of a software of acquisition Voltamaster 4, with the sample being the
working electrode, a platinum mesh as the counter-electrode and a saturated calomel electrode
(Hg/Hg2Cl2/KCl) as a reference. In order to avoid acquisition of acoustic noise induced by hydrogen
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evolution from the counter-electrode during anodic polarization of the specimen, the platinum mesh
had to be placed in a near-by annex cell connected to the corrosion cell via a salt bridge.

2.  An instrumentation of AE consisted of a transducer, a preamplifier and an acquisition device
(MISTRAS from Physical Acoustic Corp.). The transducer is resonant R15 type from PAC. It has
been selected because of their high sensitivity around the value of 150 kHz. The acquisition system
was completely computer controlled. The waveforms and the characteristic acoustic parameters
(events, amplitude, rise-time, energy, counts number, duration) are stored on a hard disk as soon as
detected, and are available for treatment under the form of ASCII files, as well as the electrochemical
parameters.

The non-acoustic parameters such as the free potential of corrosion, the pH of the medium, and the
current of corrosion density, were recorded during tests, through the analog input available on this
system.

Potentiostatic tests were carried out on the standardized reinforced concrete in a 1M-NaCl (58.44 g/l)
solution. The applied potential is 500 mV/SCE. It was selected according to the Pourbait diagram [8] in
order to avoid the release of oxygen coming from the reaction of water reduction.

RESULTS AND DISCUSSION

pH Evolution: The experiment consists in following the evolution of the medium pH, initially neutral,
in order to study the action of the concrete on the reinforcement during the immersion of the sample in
the solution. Indeed, Fig. 3 shows that, from the immersion, the pH increases quickly to reach a value of
approximately 11.5.  In the same way, a gradient of pH was measured in the mass of the mortar. With

Acquisition

System of filter

amplification

VALLEN -AMS3

Captor

EA

SamplePre -amplificator

Electrolytic bridge

NaCl solution

SEC

Electrode

of work

R eference

Electrode
Auxiliary

Electrode
pH -meter

potentiostat TACUSSEL PGZ 301

Acquisition System
Voltamaster

vers. 1.0

Fig. 2: Experimental device.



310

this pH value, the steel reinforcement is naturally protected by the formation of a protective coating on
its surface [8]. On the other hand, when the immersion is alternated every 24 h with drying of the sample
and renewal of the medium, the pH decreases [9] to reach a value of approximately 8, for a test total
duration of 200 h. Under these conditions, the deterioration of the protective coating is easier,
particularly with the presence of chloride in a medium of low alkalinity.

Fig. 3: Evolution of medium pH during the immersion of the sample.

AE study: The recording of the detected AE signals, under our experimental conditions, show three
noted types of waves, A, B and C. The types A and B signals are characterized by shorter duration and
rise times (lower than 20 µs). This result is illustrated in the three-dimensional presentation of duration,
time and rise time (Fig. 4). This presentation also shows that the AE activity starts after a latency time of
approximately 10 h.

As for the follow-up of the current density and of the AE activity evolution recorded (Fig. 5), it shows
that there is a close connection between electrochemical measurements and the AE activity. The shape of
these curves can be divided into three steps:
1.  A first step of relatively long duration, during which the current density I and the AE activity density

remain low. This step can be associated with the infiltration of the medium through porosity and
with the medium modifications in the vicinity of the reinforcement by diffusion of ions Cl–. Under
these conditions, the corrosion of the reinforcement is weak and the energy resulting from the
electrochemical reaction is insufficient to be emissive.  On the other hand, the rupture of the layer
previously formed at free potential on the reinforcement surface can be responsible for the signals
recorded during this step (Fig. 6a). Their duration is weak (<20 µs) and their rise time is about 5 µs.

2.  A second step characterized by an increase in current density I and in AE (Fig. 6b).  This activity can
be explained if it is considered that the diffusion of chlorides, more particularly when the
concentration ratio of the ions [Cl–]/[OH–] is higher than 0.6 [6,7], leads again to the dissolution of
the reinforcement. Thus, the accumulation of corrosion products at the interface of
reinforcement/concrete develops stresses on the internal surface of the concrete. This leads to the
initiation of microscopic cracks, which are AE sources  [10,11]. The population of signals is of type
B and is characterized by a rise time lower than 20 µs.
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Fig. 4: 3D Correlation curve (Duration – Time – Rise time) for normalized reinforced concrete.

Fig. 5: Simultaneous evolution of current density (a) and AE (b) for normalized reinforced mortar.

3. A third step corresponding to a notable increase in the AE activity, which seems to be the conse-
quence of the microscopic crack development and their propagation in the concrete to discharge the
corrosion products. The friction of the latter against the walls of these cracks and pores may also be
emissive source. The characteristics of the signals detected during this step (Fig. 6c) are different
from those recorded beforehand in the second step, in particular in term of duration and rise time.
The concrete matrix being fissured, and the infiltration of the electrolyte in the vicinity of the
reinforcement is characterized by a new corrosion current increase and by signals of more diversified
characteristics.

Time (s)

In
te

n
si

ty
 (

 1
0-1

 m
A

/c
m

2 )

C
u

m
u

la
te

d
 s

ig
n

al
s 

n
u

m
b

er

Time (s)

40

60

20

0

0

800

400

5E4 10E4 15E4

R
is

e 
ti

m
e 

(µ
s)

D
u

ra
ti

on
 (

µ
s)

1

2

3



312

Fig. 6:Waveform recorded for corrosion of rebar in concrete.

CONCLUSION

The corrosion current measured during the degradation of the samples shows that the protective part
played by the concrete on the reinforcements is not always assured. This corrosion current is conditioned
by the density of concrete open porosity, which represents the surface of reinforcement in contact with
the electrolyte. The accumulation of corrosion products at the reinforcement/concrete interface causes
microscopic cracks in the reinforced concrete matrix.

The perfect correlation between the AE activity and the corrosion current density shows that the AE
detection of the degradation of the reinforced concrete infrastructures seems to be completely feasible.
Furthermore, the AE parameters related to the detected AE signals, such as the rise time and energy, can
constitute significant components to monitoring and even to qualify the damage.

The AE is a powerful non-destructive technique by its capacity to detect the degradation of reinforced
concrete from the first step of the process. It appears necessary to look further into research in this field
with an aim of controlling real reinforced concrete structures.  For that purpose, the characteristics of the
emitted signals need to be better correlated with the nature of the physical phenomena, which generate
them during the various steps of corrosion.
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