Journal of the Korean Society of Agricultural Engineers
DOI : http://dx.doi.org/10.5389/KSAE.2015.57.5.043

Vol. 57, No. 5, pp. 43~49, September 2015
ISSN 1738-3692 | elSSN 2093-7709

FeIQA S 0|26 3R Asl &F 0= ZH et

Development of Three Dimensional Chloride lon Penetration Model Based on Finite Element Method
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Abstract

Most of agricultural structures located in seashore could not avoid rapid deterioration of concrete because chloride-ion and CO» gradually penetrate into
concrete. However, since most of models can be able to describe the phenomenon of penetration by using one or two dimensional models based on finite
difference method (FDM), those modes can not simulate the real geometry and it takes a lot of computational time to complete even the calculation. To
overcome those weaknesses, three dimensional numerical model considering time dependent variables such as surface concentration of chloride and
diffusion coefficient of domain based on finite element method (FEM) was suggested. This model also included the neutralization occurred by the
penetration of CO,. Because the model used various sizes of tetrahedral mesh instead of equivalent rectangular mesh, it reduced the computational time
to compare with FDM. As this model is based on FEM, it will be easily extended to execute multi-physics simulation including water evaporation and

temperature change of concrete.
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Table 1 Diffusion coefficient of chloride ion

SRC-30
5,780

Diffusion coefficient (1072 m?/s)

Without considering neutralization

Table 2 Diffusion coefficient of carbon dioxide (CO») in the each
zone penetrated by chloride ion and not penetrated

Diffusion coefficient (10° m%/s) SRC-30
Chlorinated zone 1.40
No chlorinated zone 20.70

Table 3 Diffusion coefficient of chloride ion in the each zone
penetrated by carbon dioxide and not penetrated

Diffusion coefficient (1072 m?/s) SRC—30
Neutralized zone 4195
No neutralized zone 14,021
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(a) Domain configuration (b) 3D tetrahedral mesh

Fig. 1 Configuration of domains and its 3D tetrahedral meshes

Table 4 Model parameters
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Conditions Physics Splash zone Tidal zone Etc.
penetration of seawater No Yes Flux
penetration of CO; Yes No Flux

- penetration of chloride ion No Yes Flux
Boundary conditions Concentration of seawater - 100 %
Concentration of CO; 0.39 kg/m® -
Concentration of chloride ion - Equation (1) kg/m
Concentration of seawater 0% 0%
Domain conditions |Concentration of CO» 0 kg/m® 0 kg/m*
Concentration of chloride ion 0 kg/m’ 0 kg/m’
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Fig. 2 Penetration distributions of seawater, CO, and chloride ion depending on time
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Fig. 3 Chloride—time profiles of simple (a) and multiphysics (b) models following to depth (x) at height +300 mm
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