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ABSTRACT: Cracks are almost inevitable in a heterogeneous material such as concrete. However their presence weakens the porous matrix resistance and constitutes a preferential flow path for fluid, gas and pollutants: material durability is therefore seriously affected. This paper deals with the feasibility of transfer properties measurement tests during the post-peak cracking phase of concrete. A proper description of the evolution
of these properties should be monitored in real-time as cracks open in the specimen. In this work, attention is
focused on the mechanical test and the geometrical characterization of the cracks by means of a displacement
measurement system together with a digital image correlation technique. The mechanical test is then enhanced in order to establish a real-time relation between the evolution of the electrical resistance and the
crack width opening in a saturated concrete sample. The experimental results show that the electrical resistance is constant before the peak (when no crack is observed) and decreases only when the peak of load is
reached and when a crack is initiated. No threshold value and no phase shift between the crack opening and
the resistance evolution have been observed, even in the case of a breathing crack. The evolution of the conductance has then been modeled by taking into account the (simplified) morphology of the crack and assuming a constant value for the electrolyte conductivity. The model and the experimental conductance through a
traversing crack have proved to be in good agreement.
1 INTRODUCTION
This paper deals with the feasibility of transfer properties measurement tests during the post-peak cracking phase of concrete. Observations on pre-cracked
concrete evidenced a sharp increase of parameters
such as chloride diffusivity or gas/water permeability (Saito&Ishimori 1995), (Wang et al. 1995), (Aldea et al. 1999). However, a proper description of
the evolution of these properties should be monitored in real-time as cracks open in the specimen. In
such a way, parasite effects related to time (e.g.
crack healing, external ambient conditions changes,
crack breathing,…) or post-treatments (e.g. modifications of the hygrometric conditions of the sample)
can be avoided. In this paper, attention is focused
firstly on the mechanical test and the geometrical
characterization of the cracks by means of a displacement measurement system. Usually, mechanical tests used to explore the post-peak phase lead to
distributed multiple crack patterns or to single welldefined crack. The former geometry is obviously
more difficult to characterize than the latter. Given
our objective, tests leading to a unique crack were
chosen. Direct tensile test, bending test or Brazilian
test are good candidates but, for the sake of simplicity and with the aim of performing original real time
transfer properties measurements during the loading,
the Brazilian splitting test has been retained and en-

hanced. Moreover such a test leads to strong stress
gradients though ensuring a less tortuous visible
crack. For the purpose of the feasibility test, the
crack width has been limited to 0.1 mm. This
threshold has been chosen to avoid multiple cracks
generally observed when the opening of the crack
becomes important. Moreover, a 100µm width is
sufficient for evaluating the existence of an eventual
threshold effect and is comparable to the crack
widths suggested when dealing with leakage problems in nuclear vessels or containment structures.
In the second part of the paper, a set-up measuring electrical resistance / conductivity of the cracked
specimen will be presented. Electrical resistivity is
usually considered as an indicator of concrete pore
connectivity and is commonly enumerated among
the tools used for evaluating the performance of a
structure in terms of service life (Djerbi et al.
2008). Moreover, a relation exists between resistivity and chloride diffusion. In this paper, a macroscopic-measurable quantity such as the electrical
resistance of the system concrete specimen-ionic
solution has been monitored in
real time during concrete cracking. The experimental results showed that the electrical resistance is
constant before the peak (when no crack is observed) and rapidly decreases only when the peak of
load is reached and when a crack is initiated.
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loading) between electrodes placed on each side of
the specimen. In the following we will also refer to
resistivity and conductivity (the inverse of resistivity) as these parameters are often used in the literature concerning concrete durability (Andrade 2004).
3.2 Conditioning of the specimen
After sawing and grinding, the surfaces of the disc
(fig.4, ref 1) are dried and PVC containers (standard
sewer pipes) are glued on it with silicon rubber. The
titanium platinum-coated electrodes (grids) for voltage measurements are fixed in the containers. When
silicon rubber is polymerized, specimens are placed
in a vacuum container (1-5kPa) for 4 hours in order
to remove the air from pores of concrete (i.e. create
vacuum conditions). An insulating paint is applied
on the specimen's diametric surface in order to avoid
drying during the test.
The container (fig.4, ref 2) is then filled with a
ionic solution (NaOH/6.01g/l-KOH/8.94g/l) so as to
immerse completely the specimen for 48±2 hours.
During this phase, the temperature is maintained at
20°C±0.5° C. Thanks to the two vessels filled with
the interstitial solution (fig.4, ref 2-4), the concrete
disk soaks in the solution during the whole test.
3.3 The electrical scheme
The electrical scheme is presented in Figure 3.

Figure 3. The electrical scheme.

To complete the circuit with the electrodes, a reference resistance Rt =732Ω is added in series in order to determine the applied current i. The resistance
of the uncracked specimen has been evaluated at
about 450-500 Ω while the initial resistance of the
electrolyte solution is negligible (<5 Ω).
3.4 Global set-up
After the preconditioning, the specimen is placed on
the press and the apparatus installation is finalized
according to Figure 4. The sample is centered on the
press and electrical connections are done (fig.4, ref
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These values are shown in Figure 8, with a fitted
value of h equal to 0.066m. Such a value seems realistic given the sample dimensions and the hypothesis made on the crack shape.

Figure 8. Model and Experimental Conductances vs. time.

This h adjustment is sufficient to show that this
simple model is in good agreement with experimental observations. This model is based on the hypothesis of a traversing crack, i.e. the transition
when the crack starts from one face and propagates
to the other, is not taken into account (Ismail et al.
2008).
5 CONCLUSIONS
In order to perform transfer properties tests on
cracked concretes under loading, a displacement
controlled splitting test has been designed. This test
gives crack openings derived from diameter variations measured via LVDTs at mid height of the cylindrical sample. Electrical measurements were then
performed in order to monitor the evolution of the
electrical resistance of samples, saturated with a basic solution, before and after the peak of load. These
measurements were taken in real-time so that parasite effects can be minimized. It has been observed
that the electrical resistance is constant before the
peak and decreases just when the peak of load is
reached and when a crack is initiated. It means that,
as small as it is, the crack is always filled with the
ionic solution (through which ions are completely
mobiles) for the chosen displacement rate of the test.
A simple model describing the conductance and
taking into account the geometrical evolution of the
crack is proposed. This model and the electrical determination of the conductance through a traversing
crack are in good agreement so the hypothesis of
a constant value for the electrolyte conductivity is
verified for a crack width up to 100µm. In this
range, the conductance can be considered instanta-
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