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Modelling of Concrete Transport Property by Considering
Multi-scale Heterogeneous Characteristics
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Abstract: A multi-scale model for concrete transport property prediction is developed by electing representative
elements from micro to macro scale. Taking ionic diffusivity prediction as an example, the model comprehensively
analyses the influence of inhomogeneity on the transport properties at different levels. Compared with the traditional
model, new proposed model not only considers the influence of the hydration process at the microscopic scale, but
also further analyses the influence of interfacial transition zones, aggregate shapes and the multi-species ions
interaction at the mesoscopic and macroscopic scales. The paper verifies the reliability of the model at each scale by
comparing the predicted and experimental results of chloride diffusivities in concrete. Based on the proposed model,
transport properties at different scales can be comprehensively revealed and analyzed. The present work also hopes
to provide a novel multi-scale framework to predict the transport mechanism of concrete.
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Fig. 1 Multi-scale analysis of the heterogeneous characteristic in concrete
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Table 2 Comparison between predicted and experimental chloride diffusivity in cement mortars
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my/me a A, Atz Predicted D'P Predicted D Experimental D7) Deviation/ %
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0.32 0.63 0.65 0.708 1 2.34 1.61 1.67 3. 64
0.40 0.81 0.62 0.6610 4.56 3.28 3.22 1. 80
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0.40 0.81 0.69 0.771 4 4.56 2.91 2.91 0.09
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0.40 0.81 0.62 0.6610 4.56 3.28 3.05 7.47
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Table 3 Boundary and initial conditions of multi-species ions
transport model

Index Chloride Sodium  Potassium Hydroxyl
Charge number —1 1 1 —1
Boundary condition B
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water X 10"/ 2.03 1.33 1.96 5.27
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