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Abstract 

Many concrete structures have suffered from carbonation or chloride ion diffusion induced reinforcement 
corrosion, and a number of studies have been done on these topics. Many studies were mostly confined to the single 
deterioration of carbonation or chloride ion, although the environment actually presents a combined condition. 

This paper tried to develop the approach to compute re-diffusion of de-sorbed chloride due to carbonation of 
concrete. This is a key for successful combined deterioration model of carbonation and chloride. It is thought that this 
paper can contribute to express mathematically chloride enrichment and re-diffusion of chloride at front of 
carbonation.
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1. Introduction 

In this study, we suggest fundamental approach the combined deterioration due to carbonation and chloride ion. 
Incidentally, the purpose of this study is to develop a practical strategy considering the process and synergy effect of 
combined deterioration. The synergy effect should be occurred, along with; (a) production of Friedel’s salt and 
ettringite due to the compound reaction of cement and chloride ions, (b) carbonation of Friedel’s salt and ettringite, 
(c) dissociation of Friedel’s salt in pore solution, (d) increased chloride content in the pore solution, and the 
enrichment of chloride at the carbonation front. The purpose of this study is to develop new strategy for fact that 
dissociated chloride ions migrates into the noncarbonated area which can lead to the enrichment of chloride ions at 
the noncarbonated concrete. 
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Fig. 1 Chloride diffusion response 
with various original sources 

2. Mathematical Approach 

While initial source of chloride is sea water in case of single deterioration 
of chloride, de-sorbed chloride can be regarded as an additional source of 
chloride for combined deterioration with carbonation, as shown Fig. 1. De-
sorbed chloride ions, which are decomposed by carbonation, migrate to the 
insider of concrete by diffusion. A source of the released chloride is 
normally originated from the surface, however, re-diffusion of released 
chloride content is generated at surrounding space around carbonation front. 
Released chloride content, [Cl(aq)]rel, can impact on diffusion to bilaterally. 
In this study, instantaneous planar diffusion in an infinite medium is 
considered to solve re-diffusion, diffusion phenomena at carbonation depth. 
De-sorbed chloride is allowed to spread to bilaterally into the two adjacent 
concrete occupying the half-spaces. The location of 0 “zero” means carbonation front. The application of the Laplace 
transform procedure to Fick’s second law gives the solution as Eq. (1). 
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In the case of the initial condition at time t = 0, [Cl](x,0) = 0 for all x 0 and the boundary condition [Cl]( , t) = 0, 
so the finite concentration of de-sorbed chloride [Cl(aq)]rel cannot alter the composition of this infinitely long bar of 
material far away from the source’s location. The diffusion process is overall subject to the integral mass constant 
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Now the initial condition above reduce the Laplace-transformed Fick’s second law, Eq.(1) for this problem to Eq. (3). 
Because the right-had side of Eq.(1) vanishes at t = o for all x, except for the source plane itself at x = 0. Eq. (3) is a 
well-known linear ordinary differential equation with the general solution as Eq. (4). The boundary condition 
specified above indicates that both terms appearing in the solution, Eq. (5), will be needed to provide well-behaved 
piecewise solutions for the left-going and right-going diffusion field. Specifically, on-going re-diffusion is 
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Symmetry required that de-sorbed chloride flows left and right equally, so the global concentration constraint for the 
half-space x > 0 can be formulated by the Laplace transform of the concentration constraint as Eq.(6) which provides 
the following integral statement as Eq.(7). 
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Response of re-diffusion can be summarized and this can be re-expressed by inversed term of Laplace transform (L-1), 
as shown in Fig. (9). 
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in which, tc denotes a subsequent time after concrete is carbonated by the level of carbonation depth xc. Instantaneous 
depth 'x  and "x  are in range of carbonated concrete, and noncarbonated concrete, respectively. 

3. Concluding Remarks. 

This study could be regarded as key module for released chloride enrichment and its re-diffusion response and be 
expanded into simultaneous deterioration model. 




