
 

Mechanical Characteristics for Concrete as a Permeable Material based 

on Coupled Problem with Solid, Liquid and Gas Phases 

Hideki Oshita* 

*
 Department of Civil and Environmental Engineering 

Chuo University 

1-13-27 Kasuga,Bunkyo-ku, Tokyo, Japan 

e-mail: oshita@civil.chuo-u.ac.jp, web page: http:// http://global.chuo-u.ac.jp/english/ 

 

 

ABSTRACT 

It is noted that the static or dynamic strength of the cement based materials such as the compressive, 

tensile and flexural strength are influenced by the water content and then it is reported that the 

gradual decrease of these behavior occur with the increase of water content [1][2][3][4]. 

Benedicks[3] and Hori[5] pointed out that the microcracks easily occur and propagate for the wetting 

specimens since the surface energy of solid phase decrease for the surface energy of liquid phase due 

to the presence of liquid. Therefore, it may be seen that the strength varies by the liquid type, namely 

the decrease of the strength of cement based materials occur with the increase of the surface tension 

of liquid [3][5][7][8]. However, the decrease of the strength simply is defined as an index such as the 

interface energy between the solid and liquid phase and therefore, its mechanism does not have been 

investigated yet. 

On the other hands, Oshita et al.[6] pointed out that the water migration are expected to 

significantly affect the mechanical characteristics and then the positive pressure such as a disjoining 

pressure occurring in the elastic region causes the microcracks and the negative pressure occurring 

tin the plastic region causes the crush between the solid phases due to the experimental and analytical 

procedures. 

In this study, an extended mathematical model that incorporated the cavitation phenomenon in the 

model developed by authors[6] which is assumed to be a three phases porous permeable material of 

solid, liquid and gas is developed to investigate in microlevel the detailed mechanism such that the 

liquids with the different surface energy and its content influences on the decrease of the strength. 
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