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Frost damage is the most critical degradation factor of historic buildings with brick walls 

located in areas with a cold and humid climate. The action of this deterioration mechanism 

causes scaling of the surface and leads to the disintegration of the material [1]. A common 

method to assess it is by counting the freeze-thaw cycles experienced by the building material 

of interest. In this framework, climate data for a 70 years period for Tønsberg, Norway, were 

downloaded from ERA5 [2]. Hygrothermal simulations were employed to calculate the 

temperature and moisture content inside a typical historic brick assembly. The transient 

hygrothermal conditions were used to assess the frost risk, given that the critical temperature 

and degree of saturation for a frost damage event to happen are 0 oC [3] and 25% [4], 

respectively. The freeze-thaw cycles were also calculated using three different climate-based 

indices described in [5] and [6]. Results show that the examined assemblies experienced 

significant frost damage, with the worst case being the southwest-oriented wall. This is the 

orientation with the highest driving rain. The frost risk shows a decreasing trend over the years. 

Moreover, the frost risk of the assembly of interest is highly overestimated by the climate-based 

indices compared to the response-based index. The wet-frost index [5], which considers the air 

temperature and the precipitation, is the climate-based index that best describes the frost risk of 

the assembly. Overall, it is concluded that a response-based index should be used to assess the 

frost risk of building elements. In case of lack of information about the building material 

properties or the climate data, the wet-frost index is suggested to be used. By using data from 

climate models and one of the two approaches suggested above, it is possible to predict the frost 

risk for the forthcoming years and take relevant precautionary measures. 
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