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Overview
Roof tiles are exposed to permanent weather and environmental conditions. Moisture caused by 
precipitation and relative air humidity can reach into the roof tile and possibly lead to damage. The 
higher the porosity of the tile, the better the path for wetness. At low temperatures during the winter 
season, the moisture inside the tile can freeze and the expansion of the ice can lead to frost bursting. 
The porosity correlate with the moisture expansion and therefore with the freeze resistance, too (Fig. 1). 
The lower the porosity, the lower the moisture expansion, resulting in a better resistance to freezing of 
roof tiles. 

Terminology
Moisture expansion: Weight independent
deformation respectively volume expansion by 
moisture absorption, also swelling of the 
ceramic body. 
Total Porosity: Is a fraction of the volume of 
voids over the total volume. The total porosity 
includes the effective porosity (open porosity) 
and the ineffective porosity (closed porosity)
Bulk density: The density of a body with 
pores.
True density: The density of a body without 
pores.  

Preliminary investigation
The basis for the current investigation project is a 3D model for freeze resistance (Fig. 2).
This model was prepared by preliminary investigations. The porosities and the moisture
expansion values were determined using test samples that were fired at different
temperatures (940 °C; 960 °C; 980 °C; 1000 °C; 1020 °C; 1040 °C; 1060 °C and 1080 °C)
(see Tab. 1 and Fig. 2-6). It was possible to determine in which temperature range a freeze
resistance of the roof tiles can be ensured. For the physical determination of the total
porosity, the bulk density and effective porosity according to DIN EN ISO 10545-3 as well as
the true density must be determined by means of a pycnometer. From this, the ineffective
porosity can finally be calculated. Optically, the porosity can be determined with the image
processing program ImageJ (see Fig. 4 and 6 - pores are red colored).   

References

Current investigation
Selected alkaline and alkaline earth compounds are to be added to the raw 
materials. These should have influence to the porosity and moisture expansion. 
SCHURECHT (1928) carried out initial studies to moisture expansion. Subsequent 
research by e. g. COLE (1968), LEHMANN et al. (1969) and current publications 
of VASIĆ & VASIĆ (2011) confirm, that alkaline and alkaline earth compounds 
have different effects on the moisture expansion of ceramic bodies.
Currently, the additives of alkaline and alkaline earth compounds are added in 
different percentage relations (1 %; 2,5 %; 5 % and 10 %) to realize definite 
tendencies. Of importance are the carbonates and silicates of following 
compounds:
        alkaline compounds: carbonates --> K2CO3, Na2CO3, Li2CO3
                                      silicates --> K2Si2O5, Na4SiO4, Li2SiO3
        earth alkaline compounds: carbonates --> MgCO3, CaCO3
                                               silicates --> Mg3[Si4O10(OH)2], CaSiO3

Target
The aim is to permanently decrease the moisture expansion in the roof 
tiles and therefore to increase the freeze resistance. In the future, the 
production plants can probably increase the freeze resistance by use of 
low-cost additives (selected alkaline and earth alkaline compounds).

Fig. 1: 3D model of freeze 
resistance based on total 
porosity, firing temperature 
and moisture expansion.

Tab. 1: Different values for different firing temperatures. Ref. KI Meißen - WA: Water absorption 
(WS: water storage); SE: Soaking efficiency; ME: Moisture expansion. 

Fig. 2: 3D model of freeze resistance based on total porosity, firing temperature 
and bulk density.

COLE, W. F. (1968): Some relationships between mineralogical and chemical composition and moisture expansion of fired clay bodies. Australia Ceramic Society 4, No. 1, pp. 
5-9.
LEHMANN, H., ABRAHAM, D. & FAROOQ, M. K. (1969): Die Feuchtigkeitsdehnung. I Kinetik und Mechanismen in der Literatur Ber. Dt. Keram. Ges. 46, H. 1.
SCHURECHT, H. G. (1928): Methods for Testing Crazing of Glazes Caused by Increases in Size of Ceramic Bodies. J. Amer. Ceram. Soc. 11, 271-277.
VASIĆ, R. & VASIĆ, M. (2011): Phenomenon of Moisture Expansion and Its Influence on Mechanical Properties of Brick Clay Products. - Ceramic Materials, 63, 1, pp. 54-57.

Fig. 3-6: 
REM-images 
of the 
porosity of 
the roof tiles 
at firing 
temperatures 
of 940 °C; 
1000 °C; 
1040 °C and 
1080 °C.
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