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Analytical Modeling for Microstructural Permeability Coefficient of

(Non)Carbonated Concrete

In-Seok Yoon"*

"Dept. of Construction Info. Engineering, Induk Institute of Technology, Seoul 139-749, Korea

ABSTRACT Permeability coefficient of concrete is a substaintial key parameter for understanding the durability performance
of concrete and its microstructural densification. Many researches for the issue have been accomplished, however, it is very rare
to deal with the theoretical study on permeability coefficient in connection with carbonation of concrete and the the effect of vol-
umetric fraction of cement paste or aggregate on the permeability coefficient. The majority of these researches have not dealt with
this issue combined with carbonation of concrete, although carbonation can significantly impact on the permeability coefficient of
concrete. The purpose of this study is to establish a fundamental approach to compute the permeability coefficeint of (non)car-

bonated concrete. When simulating a microstructural characteristics as

a starting point for deriving a model for the permeability

coefficient by the numerical simulation program for cementitious materials, HYMOSTRUC, a more realistic formulation can be
achieved. For several compositions of cement pastes, the permeability coefficient was calculated with the analytical formulation,
followed by a microstructure-based model. Emphasis was on the microstructural changes and its effective change of the per-
meability coefficient of carbonated concrete. For carbonated concrete, reduced porosity was calculated and this was used for cal-
culating the permeability coefficeint. The computational result was compared with experimental outcome.

Keywords : permeability coefficient, durability performance, carbonation, microstructure
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Fig. 2 Time evolution of capillary porosity in OPC cement
paste for various w/c ratios
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Fig. 1 Factors influencing permeability coefficient of concrete
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Water charge Q

o : degree of hydration

Vier : pore structural function
¢ : porosity

ty : tortuosity

Kags S : degree of saturation
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Fig. 4 Content of capillary pore water in unite volume of
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Fig. 5 Comparison of Hooke's law and Darcy's law

Table 1 Similarity of Hooke’s law and Darcy’s law

Hooke’s law Darcy’s law
Driving force P P
Impact to material Stress, f Water charge, QO
Response Strain, & Pressure gradient, i

Material properties | Elastic modulus, E [Permeability coeff, K




Fig. 6 Hirsch model: simple two-phase model for concrete
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Table 2 Permeability coefficient of rocks'”

Type of rock Permeability coefficient (m/s)
Dense trap 247 %10

Quarz diorite 8.24 x 10
Marble A 239x 10"
Marble B 577 % 107"
Grinite A 535x 10"
Grinite B 1.56 x 107
Sandstone 123 x 10"
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Table 3 Mixing proportion of concrete

) Unit weight (kg/m3)
Air (%) Slump (mm) Ww/C
Water Cement Sand Gravel
45+1.5 150+ 10 0.45 185 411 706 1,001
45+15 150+ 10 0.50 185 370 720 1,021
45+1.5 150+ 10 0.55 185 336 732 1,038
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Fig. 8 Permeabilty coefficient of cement paste for three
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Fig. 10 Effect of type of aggregate on permeability of concrete
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Fig. 11 Permeabilty coefficient of carbonated cement paste
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| Preparation of specimens |
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Fig. 13 Experimental procedure for acquisition of permeability
coefficient of (non)carbonated concrete
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