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INTRODUCTION 

 

The main corrosion mechanism affecting ancient concrete is rebars corrosion, either induced by carbonation or 

chlorides pollution (Marie-Victoire 2006, Neff 2007). Therefore, in terms of maintenance strategy, corrosion 

monitoring is a key issue. Standard on site corrosion monitoring techniques such as potential mapping or 

polarization resistance measurements, have proven their efficiency. Nevertheless, those electrochemical tools, as 

the corrosion process itself, can be affected by variations in the climatic conditions (Andrade 2003, Bouteiller 

2012, Marie-Victoire 2012) and salts contamination. More disconcerting, conservation treatments (realkalization, 

migrating corrosion inhibitors), or even measuring device (Sehgal 1992, Marie-Victoire 2012) can disturb the 

results. As a consequence, accurate corrosion diagnosis can be complex.  

Corrosion process needing water, being able to monitor water ingress in concrete could be an alternative way to 

identify corrosion risks. In concrete, the presence of water is generally approached by resistivity measurements, 

either measured by the Wenner or the Disc methods (Feliu 1996, Polder 2000). But resistivity is interlinked with 

both moisture content and salt presence (Polder 2000). In the field of wall painting, a new technique, the SUSI
©
 

system, based on evanescent field dielectrometry (Olmi 2006, Olmi 2008, Di Tullio, 2010), was developed. The 

advantage of the SUSI
©
 system is to give separate quantitative information about moisture and salt contents. The 

aim of the study presented in this paper, was to compare the performances of standard resistivity techniques 

versus the SUSI
©
 system, on specifically designed specimen and under controlled measuring conditions.  

 

 

MATERIALS AND METHODS 

 

Specimen 

Tests were performed on concrete slabs (70×90×13 cm) cast with an 0.65 water to cement ration and CEM I-

based concrete. The slabs were reinforced reinforced with a steel mesh (20x30cm, 12mm in diameter).  
 

Resistivity  

Resistivity measurements were performed with a Gecor6
©
 for the disc method and with a 4-point Resipod

©
 for 

the Wenner probe (5cm spacing between the electrodes). 
 

SUSI system 

The SUSI
©
 system, is composed of a resonant sensor operating in the microwave domain (1-1.5 GHz), a scalar 

network analyzer and a computer equipped with a dedicated numerical code (Fig. 1). Effectively, as water is a 

strongly polar material, when concrete is weakly polar, the contrast between the permittivity of water (ε’∼80) 

and that of concrete (ε’ ∼ 5 to 15), can be derived from dielectric spectroscopy. 

The outputs considered by the SUSI
©
 system are a frequency shift (between the resonance frequency in the 

material fr and that in the air f0) ∆f, and a resonance line-width Lw; respectively related to the average dielectric 

constant of the material monitored (ε’), and to the dielectric losses (ε’’). Through an inversion procedure (Olmi 

& Al. 2008), the SUSI
©
 system leads to two secondary parameters: MC (moisture content, directly proportional 

to the frequency shift ∆f) and SI (salinity index, inversely related to the quality factor of the probe (Q), or to the 

resonance line width Lw). With the actual probe, the region considered by the measurement probe is 

approximately semispherical, with a radius of 2cm; the measurable water content is ranging between 0 and 20% 

(water volume fraction) and the range of the usual salinity index is varying between 1 (corresponding to an 

electrical conductivity of 0.4Sm
-1

) and 10.  
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In that range of water content, it has been shown (Olmi 2006), that the relation between ∆f and MC is almost 

linear, and that the ionic conductivity has a negligible influence on it. Considering the salinity index, it has been 

demonstrated (Di Tullio 2010) that it is almost independent on the moisture content as far as the moisture 

content is higher than 3 (moisture content necessary to find soluble salts in solution). 
 

    
Figure 1 SUSI

©
 equipment and outputs 

 

Testing protocol 

Several series of measurement were performed on the slabs: firstly after curing and drying at laboratory 

conditions (t00) and then after one hour (t0+1h), three hours (t0+3h) and one day (t0+1j) of imbibition (1cm of 

one 70x90cm-face of the slab in contact with the solution) in plain water for the reference slab or in salted water 

(35g/L NaCl) for all the others. On each slab 4 regions were considered and on each region, 3 measurements 

were performed with the SUSI
©
 system and the Gecor6

©
, and 4 measurements were realized with the Resipod

©
 

(according to the standard, Polder 2000). 
 

RESULTS AND DISCUSSION 
 

The results presented in this paper correspond to an average per slab on the 12 values obtained with SUSI
©
 and 

Gecor6
©
 and the 16 values obtained with the Resipod

©
. For legibility reasons, the standard variations are not 

presented in the following figures, but if they were noticeable for resistivity measurement, they were negligible 

for SUSI
©
. As the calibration of the SUSI

©
 system was not yet achieved for concrete material, instead of MC 

values, resonance frequency shift values (directly proportional to water content) are presented here. 

The first results show that the water (salted or not) penetration in the concrete was evidenced by all 3 measuring 

techniques, with an increase in frequency shift values for SUSI
©
 (Fig. 2) and a shift towards lower resistivity 

values for both Gecor6
©
 (Fig. 3) and Resispod

©
 (Fig. 4). But clearly, after slabs conditioning, as the concrete was 

really dry, resistivity measurements were complicated to achieve, especially with the Wenner probe, while on the 

contrary at very low resistivity values, the disc method seemed to reach its limits. When considering the nature 

of the solution (plain or salted water), no difference was observed between slab 17 (plain water) and slabs 13, 14, 

15, 18 (salted water), with the 2 resistivity techniques, while a clear variation in the salinity index was observed 

after 3 hours of imbibition (delay probably linked to the initial very dry condition of the concrete, and an initial 

MC content possibly lower than 3), with the SUSI
©
 system. 

 

  
 

Figure 2 Relative frequency shift 

measured by SUSI
©
  

 

Figure 3 Resistivity measured with a 

Gecor6
©
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CONCLUSIONS 

 

The first results of this study evidenced distinct performances between the 3 techniques (Disc and Wenner 

resistivity, and SUSI
©
 system) depending on the moistening state, and the presence of salts. Furthermore an 

added value of the EFD technique was clearly demonstrated as it was able to produce information both on the 

moisture and the salt ingress. However the SUSI
©
 technique necessitates further development (calibration…) to 

become a standard method for concrete diagnosis. 
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Figure 4 Resistivity measured with a Resipod
©
  Figure 5 Computered SalinityIndex (SI) 
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