Osmotic Pressure Induced by Semi-Permeability of Hardened
Cement Paste and Cement Mortar
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ABSTRACT

Osmotic pressure induced by semi-permeability of hardened cement paste and cement
mortar was studied, which was considered to be a cause of failures such as separation and
blistering of floor coatings or wall coatings from the concrete substrate. The specimens with a
water cement ratio of 4560 and 75% were installed between the solution of sodium chloride
and distilled water.

First, we measured water flux from distilled water to sodium chloride and the ion flux of
Na' and Cl” through the specimens. Then, we measured osmotic pressure induced by
semi-permeability of the specimens using an apparatus which was specially developed for this
study. It was made clear that hardened cement paste and cement mortar have properties of
semipermeahility, and the asmotic pressure is closely related to their water cement ratio.

Finally, we calculated the osmotic pressure according to Staverman's equation, which was
obtained for organic membranes, and tried to explain quantitatively the observed pressure.
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Fig 1. Semi-Permeability

Table 1. The testing factors and levels

Factor Level
The terms| Hardened | Cement paste
of Cement | Mortar
specimens| W/C(%) | 45, 60, 75

Water Flux by Osmosis
Concentration of ion
Osmotic pressure

Water permeability coefficient
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Table 2. Water permeability coefficient and apparent reflection coefficient
of specimens and calculated osmotic pressure

Hardened cement paste Cement mortar
W/C(%) 45 60 75 40 60 75
Water permeability coefficient .
K (x 10~ %cm/sec) 531 1.89 1.60 7.05 254 0.885
Apparent reflection coefficient
e ” 531 1.89 1.60 7.05 254 0.885
o (X107
Apparent osmotic pressure
AP0 (x107'kPa) 242 8.79 7.16 322 1.1 377
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