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Justification

• Corrosion of steel reinforced concrete is caused by
chloride ingress

• Widespread occurrence and high cost of repair.

http://www.nace.org/nace/content/library/photogallery/
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Schematic representation of the ionic diffusion and  
migration processes (Bockris and Reddy 1998)



•Fick’s laws
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Ji= flux of species i [mol/m2/s]
Di= diffusion coefficient of i [m2/s]
ci= ionic concentration of i in the pore fluid [mol/m3]
x= distance [m]



•Nernst-Planck equation

Diffusion term   Migration term
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Diffusion term   Migration term

Ji= flux of species i [mol/m2/s]
Di= diffusion coefficient of i [m2/s]
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Di= diffusion coefficient of i [m2/s]
ci= ionic concentration of i in the pore fluid [mol/m3]
x= distance [m]
zi= electrical charge of i,
F= Faraday constant [Coulomb/mol]
R= gas constant [J/mol/ºK]
T= absolute temperature [ºK]
E= electrical potential [V].
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chloride penetration depths after applying 0.1 N si lver nitrate in a chloride 
contaminated concrete sample



Electro-diffusion model for chlorides in concrete

• Nernst-Planck equation:
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Definitions
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• Multi-species

• Binding Capacity

• Pore Solution concentration



Definitions

Cl : free ions per unit volume of liquid
Cs: total ions per unit volume of the solid
α: binding capacity factor 
ε: porosity
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ε: porosity
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The flux is calculated per unit area of the porous material and 
the average concentration in the material

The flux is calculated per unit cross-sectional area of the pores 
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Numerical Model
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Concentration Na [mol/m3] Concentration K [mol/m3]

Concentration OH [mol/m3] Concentration Cl [mol/m3]



Optimization Model

Transport properties

• Intrinsic diffusion coefficient (Cl-)

Electro-
diffusion 
model:

Data base
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• Intrinsic diffusion coefficient (Cl-)
• Intrinsic diffusion coefficient (OH-)
• Intrinsic diffusion coefficient (Na+)
• Intrinsic diffusion coefficient (K+)
• Porosity (ε)
• Chloride binding capacity factor (α)
• OH- conc. of the pore solution

Experiments

- Current
- Membrane potential

model:
Voltage 
control

Artificial 
Neural 

Network

Network trainingNetwork training

J. Lizarazo-Marriaga and P. Claisse , Determination of the transport properties of a blended 
concrete from its electrical properties measured during a migration test. Magazine of Concrete 
Research
Lizarazo-Marriaga and P. Claisse, Determination of the concrete chloride diffusion coefficient 
based on an electrochemical test and an optimization model. Materials Chemistry and Physics
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chloride profile at 6.4 hours had a 
penetration of 9.3 mm when the 
concentration was 70 mol/m3



The chloride profile at 6.4 hours had a penetration of 9.3 
mm when the concentration was 70 mol/m3
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