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Tab.1 Influences of spatial discrete grids and time steps on calculation accuracy and efficiency of numerical model

AT RSB0 EAE/ % THRFER /s
Ax /mm At = At = At = At = At = At = At = At = At = At =
5.00 a 1.00 a 0.50 a 0.10 a 0.05 a 5.00 a 1.00 a 0.50 a 0.10 a 0.05 a
25.0 0.880 1.008 1.039 1.074 1.080 2.64 8.77 17.05 87.75 170.28
10.0 0.827 0.969 1.002 1.041 1.047 5.88 24.38 47.67 233.33 479.36
5.0 0.819 0.964 0.997 1.036 1.043 19.06 79.90 153.12 753.75 1519.75
2.5 0.818 0.963 0.996 1.035 1.042 61.65 270. 80 546.13 2 844.46 5392.50
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Fig.2 Comparison between chloride concentration distribution calculated by analytical and numerical models
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Fig.4 Effects of time-dependent chloride diffusion coefficients on chloride concentration distribution
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Fig.5 Effect of cross-section radius on chloride concentration distribution
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Tab.2 Relative errors of chloride concentration between 1D diffusion and circular cross-section with different n, ¢ and radius

%
RV, n=0.2 n=0.4 n=0.6
mm t=30a t=50 a t=100 a t=30a t=50 a t=100 a t=30a t=50 a t=100 a
700 5.937 6.072 6.209 5.162 5.562 5.852 2.029 3.167 4.363
800 5.122 5.234 5.344 4.459 4.802 5.051 1.753 2.737 3.769
900 4.504 4.600 4.691 3.924 4.226 4.442 1.545 2.409 3.318
1 000 4.019 4.103 4.181 3.504 3.773 3.965 1. 407 2.154 2.963
1 100 3.629 3.702 3.770 3.165 3.407 3.580 1.288 1.950 2.677
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Tab.3  Relative errors of chloride concentration between 1D diffusion and circular cross-section with different D, C_ and radius
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Y. Dy =2 %1072 m?/s Dy =6x10""2 m?/s Dy =10 x107"2 m*/s
mm C,=2.0% C,=3.5% C,=50% C,=2.0% C,=3.5% C,=50% C,=2.0% C,=3.5% C,=5.0%
700 0.441 0.748 1.024 4.079 4.832 5.204 5.000 5.511 5.739
800 0.380 0.644 0.882 3.523 4.173 4.500 4.316 4.757 4.954
900 0.383 0.584 0.799 3.101 3.673 3.956 3.797 4.185 4.358
1 000 0.384 0.651 0.106 2.769 3.280 3.532 3.390 3.736 3.890
1 100 0.341 0.578 0.791 2.501 2.962 3.191 3.061 3.374 3.513
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Analytical model for time-dependent chloride diffusion
in circular section concrete

WANG Jialiang" > *, YANG Lufeng"*>*, YU Bo" >’

(1. School of Civil Engineering and Architecture, Guangxi University, Nanning 530004, China; 2. Key Laboratory of Engineering
Disaster Prevention and Structural Safety of the Ministry of Education, Nanning 530004, China; 3. Guangxi Key Laboratory of Disaster
Prevention and Engineering Safety, Nanning 530004 , China)

Abstract; In order to overcome the shortcomings of the traditional analytical model of constant diffusion which can
not consider the time-varying characteristics of chloride diffusion coefficient, a time-dependent analytical model for
the chloride diffusion in circular cross-section concrete is developed. Firstly, the governing equation, boundary
conditions and initial conditions for the time-dependent chloride diffusion in the circular cross-section concrete are
established in the polar coordinate system. Then, by introducing the equivalent diffusion time, the time-dependent
diffusion equation of chloride ion is transformed into the constant diffusion equation, and then an analytical model of
chloride time-dependent diffusion in the circular cross-section concrete is developed by combining the Bessel
function and variable substitution method. Finally, the proposed analytical model is validated by comparing with the
numerical model and the constant diffusion analytical model. Analysis results show that the proposed analytical
model is of high accuracy and efficiency, which not only overcomes the limitations of the traditional numerical
models whose accuracy and efficiency are largely depended on the spatial discrete grids and time steps, but also
overcomes the shortcomings of the constant diffusion analytical models which often overestimate the chloride ion
concentration in concrete since they cannot take into account the time- dependent characteristics of the chloride
diffusion coefficient. The chloride ion concentration profile in the circular cross-section concrete is between the one-
and two- dimensional diffusions, which gradually tends to the one- dimensional diffusion with the increase of the

circular cross-section radius and age decay coefficient.

; time-dependent diffusion;

Key words; concrete; circular section; age decay coefficient; chloride ion;

analytical model
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