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Abstract
This article focuses on the analysis of corrosion of reinforcing steel by measuring the 
electrical resistance. It describes the methodology by using the Thomson double bridge. The 
article presents the results of measurements obtained after applied 6 months controlled 
degradation in aqueous NaCl solution. 
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1. Introduction
Given that we are dealing with corrosion study using acoustic methods, such as 
acoustic emission, the frequency of inspections, or the non-linear ultrasonic 
defectoscopy [1-7], we consider it necessary to compare the results obtained with 
commonly used conventional methods of study of corrosion such as monitoring 
changes in the extent of reinforcement, change in weight, measurement electrical 
resistance, and monitoring of the distribution of chemical potentials between the steel 
armature and free surface of concrete. This article focuses on the analysis of 
corrosion of reinforcing steel by measuring the electrical resistance.  
Steel armature corrosion results in irreversible deterioration of constructions and 
impairment of their technical characteristics, which may, in the upshot, result in 
complete destruction of the structure in question.  
Under the steel armature corrosion, chemical or electrochemical process induced 
impairment of the armature surface is understood. These effects are essentially 
omnipresent. One of the methods to protect the steel armatures against corrosion 
consists in their passivation on the basis of a high pH-value of concrete. Fresh 
concrete elements show a pH-value of 12 to 13. In this value range, the armature is 
corrosion protected by a passivation film on the surface being in contact with the 
concrete. Unfortunately, the pH-value is going down progressively in consequence of 
the environment aggressive effects. If the concrete pH-value drops below 9 the 
armature passivation ceases to work and moisture-induced corrosion processes start 
attacking the armature surface. It results in uniform, pitting, inter-crystal or slotted 
corrosion. 
A number of substances occurring in the environment bring about the concrete 
Ph-value drop and the generation of cracks, which in turn allow the aggressive media 
to penetrate up to the armature surface. Chlorides, organic and inorganic acids and 
alkalis, both in liquid and solid state, count among the most aggressive agents. 
Micro-organisms, calcareous and magnesium expansion, concrete contained water 
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periodical frost and thaw cycles, mineral lubricants and oils as well as concrete 
drying-out appear to be of importance in this aspect, too. 
All of them generate an irreversible degradation of the concrete. It is manifested as 
the concrete disintegration, spalling, crack development and infiltration of water 
containing in many cases some aggressive substances it brings to the steel 
armature. At the same time, the concrete pH-value drops significantly. Concrete is no 
longer able to passivate the armature which is, therefore, completely exposed to the 
aggressive environment.  
Among the processes causing the pH-value to drop, concrete carbonation and 
sulphation play an important role. 
One of the methods of continuous monitoring of corrosion of reinforcing steel is to 
measure the electrical resistance of the reinforcement. For resistance measurement 
method was used Thomson double bridge Fig.1. 

Fig.1 The principal circuit diagram of the Thomson double bridge. 

If the Thomson double bridge is balanced (IG=0), following formula holds,  
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where K is a correction term. 
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 This term will equal zero if   
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Strictly speaking, this condition cannot be observed exactly (in view of the resistance 
tolerances and instability). Therefore, we minimize the value of K by minimizing the 
link resistance R5, thus increasing the measurement sensitivity. However, taking into 
account the fact that R5 ≠ 0, we must maintain the two bridge arm resistances at 
equal values continuously in order to keep the K-term-related error minimized when 
balancing the Thomson bridge. This condition also results in speeding up the bridge 
balancing process. 
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The Thomson double bridge measurement accuracy depends on the accuracy of the 
resistors used, the bridge sensitivity and various interferences (see above). The 
measurement accuracy will be virtually affected by the accuracy of the bridge arm 
resistors only provided the bridge sensitivity is sufficient and the interferences are 
suppressed by suitable measurement methodology.  

2. Experimental results
The reference beam with the dimensions 40 mm x 40 mm x 400 mm reinforcement of 
6 mm and 8 mm in diameter was applied to an accelerated corrosion test carried out 
by RILEM supports AAC 7.2. Samples were immersed for 16 hours in 5% aqueous 
NaCl solution, then were inserted into the electrical oven where desiccated for 
8 hours at +40 °C. Measurements electrical resistance was carried out before the 
start of degradation and after 2, 4 and 6 months. 
The use of the Thomson double bridge allowed us to obtain results with accuracy 
better than 1%. 
Fig. 1 shows the results of monitoring changes in resistance of reinforcing steel with 
a diameter of 6 mm within 6 months of controlled degradation. 
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Fig.2 Change of resistance of steel reinforcement within 6 months of controlled 
degradation. 
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We followed a set of 20 pieces steel reinforcement embedded in concrete the beam. 
The measurement result of sample No. 6 we can on Fig. 2. The average value of 
electrical resistance of all 20 samples prior to degradation was R1 = 3,38 mΩ and 
after degradation R2 = 3,47 mΩ. After 6 months there was a change of electrical 
resistance of ∆R = 0,09 mΩ. This represents a change of 2,6%. 

3. Conclusion
In the article, we presented the results of measuring changes in electrical resistance 
of steel reinforcement in concrete beams subjected to accelerated degradation by 
aqueous solution of NaCl. Measurements were carried out using a double Thomson 
bridge. The average value of the resistance groups of 20 the samples changed from 
R1 = 3,38 mΩ to R2 = 3,47 mΩ.  During 6 months of degradation occurred increased 
electrical resistance of reinforcement by 2,6%. It is obvious that the measurement of 
electrical resistance of reinforcement is a sensitive method for assessing the state of 
corrosion of reinforcing steel in reinforced concrete structures, and so it can be used 
to compare the results of corrosion monitoring using acoustic methods.  

4. Acknowledgement  
This research is supported by Czech Science Foundation – project SV RC: FAST – S 
– 11-6, IC: 1083. 

5. References
[1] Plskova I., Chobola Z., Matysik M., Martinek J. in: EWGAE 2008 - Proceedings of 
the 28th European Conference on Acoustic Emission Testing, p. 322 – 327, Ed. Kanji 
Ono, European Working Group on Acoustic Emission and Cracow University of 
Technology, Cracow 2008. 
 [2] Plskova I., Matysik M., Chobola Z. in: Proceedings The 10th International 
Conference of the Slovenian Society for Non-destructive Testing, p. 333 – 340, 
Ed. Grum J, Slovenian Society for NDT, Ljubljana 2009. 
 [3] Lunak M., Kusak I. in: Defektoskopie 2009 - NDE for Safety, p. 269 – 274, 
Ed. Mazal P., BETIS, Praha 2009.  
[4] Martinek J. in: Physical and material engineering 2006, p. 121 – 124, 
Ed. Palackova A., Slovak university of technology, Bratislava 2006.  
[5] Pazdera L., Smutny J., Topolar L., Korenska M., Bilek V.: NDT Welding Bulletin 
(special issue), 18 (2010). 
[6] Korenska M., Chobola Z., Sokolar R., Mikulkova P., Martinek J.: Ceramics-Silikáty 
50 (3), 185 (2006). 
[7] Plšková I., Chobola Z., Matysík M., Ceramics-Silikáty 55 (2), 176-182 (2011).  


