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Numerical inversion of local corrosion location and size of
reinforcing steel in concrete based on half-cell potential
distribution

GUO Bingbing®®, ZHONG Taotao®, WANG Yan°, NIU Ditao®"

(a. School of Civil Engineering; b. Key Lab of Structural Engineering and Earthquake Resistance of China Ministry of
Education; c. School of Materials Science and Engineering, Xi’an University of Architecture and Technology, Xi’an
710055, P. R. China)

Abstract: The widely used half-cell potential (HCP) method in practical engineering only provides the
probability of steel corrosion, and cannot offer any quantitative information. Therefore, in this study, an
inversion numerical method was developed to determine the corrosion location and size at the steel in concrete
based on HCP. The effects of saturation degree on the oxygen diffusion and concrete resistivity were taken into
account, and the forward numerical model was then built to simulate the potential distribution in corroded

concrete structures. The measured potential distribution was used as the prior constraint, and particle swarm
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algorithm was employed to search the local corrosion location and size of reinforcing steel in concrete. A

corroded reinforced concrete component from practical engineering was taken as a benchmark example, and the

numerical inversion results under different saturation degrees were presented, while based on laboratory

components, the applicability of the numerical inversion model was verified. The results show that the

developed numerical inversion model can accurately present the local corrosion location and size at the in

concrete. Additionally, it is found that the variations in saturation degree can affect the oxygen concentration at

the steel surface and the potential distribution, thereby affecting the inversion results. However, this effect can

be negligible when the saturation degree is below 0.4.

Keywords: reinforced concrete structure; half-cell potential distribution; steel corrosion; saturation degree;

numerical inversion
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Fig.1 Schematic of electrochemical corrosion of steel bars in concrete structures
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Fig.2 Numerical inverse calculation procedure for

location and size of rebar corrosion
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Fig.4 Geometric model for inverse calculation of corrosion location and size of steel bar in concrete
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Fig.7 Inverse iterative procedure for the location and size of rebar corrosion in concrete with a 0.6 saturation degree
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Table 1 Inversion calculation results for different water

saturation values
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