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Frost damage
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• Porous building materials contain water

• When water freeze, internal stress build up in the material 
and can cause flaking of the material
• Important factors in the rate of deterioration are

• Water content in the material
• Number of freeze-thaw cycles (approximately 70 pr. 
year in Oslo, Norway)
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Wind driven rain
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Vertical rain Wind driven rain



Wind driven rain

Climate, environment and frost damage of architectural heritage 

S. Kyllingstad, T. K. Thiis, A. Flø, J. Potac, M. Sykora

• As rainfall intensity increases, so does the mean 
raindrop diameter



Wind driven rain

Climate, environment and frost damage of architectural heritage 

S. Kyllingstad, T. K. Thiis, A. Flø, J. Potac, M. Sykora

•As mean raindrop diameter increases, the 
drop size spectrum increases



Wind driven rain
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•Other important parameters are
•Wind direction
•Wind speed
•Building aerodynamics
•Temperature



Numerical simulation
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•Computational Fluid Dynamics (CFD)
•3D digital model of the building
•Computational mesh
•Solve Navier-Stokes equations
•Turbulence model (k-e)
• Model for rain drops



Numerical simulation
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•Validation of numerical model



Numerical simulation
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•Case study, Stavangergata in Oslo, Norway



Numerical simulation
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•Computational Fluid Dynamics (CFD)
•Computational mesh
•Solve Navier-Stokes equations
•Turbulence model (k-e)
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Damage characterisation
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•Damage characterisation 
•Identify damages from pictures
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Conclusions and further work
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•Characterise the damages 
to a building façade caused 
by driving rain and freeze 
thaw processes
•Climate change will change 
the damage pattern 
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