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Alta 

Foto: Lars Andreas Solås 
Alta, road FV26 
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Freezing-thawing effect on pavements 

http://www.asphaltsolutionsplus.com/asphalt-crack-repair/ 

Climate change Warmer winters 

freezing-thawing 
cycles  instead of 

stable winter 
conditions  

frost heave 
problems  
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2012-2013 



Layers performance 

Frost protection layer 

Sub-base layer 

Base layer 

Subsoil 

Foto: Lars Andreas Solås 
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Frost protection layer requirements 

 Dmax            500 mm or ½ layer thickness 

 

 Minimum 30 % material smaller than 90 mm 

 

 Fine content: 2-15 % (material<0.063 mm calculated 

from material <22.4 mm) 

 

 No requirements for the amount of material <22.4 mm 
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 1970-1976 “Frost I jord” 

 

 Frost susceptibility 
classification – based on 
gradation 

 

 Granular material : 
 Before: gravel  

 Now: crushed rock 

 

 Fine materials:  
 Before: less than 7% 

 Now: up to 15% 



Crushed aggregates 
versus natural gravel 

 

• Particle shape 

• Density 

• More fines 

• Un-weathered particle 
surface 

• More polymineral 

• Local bedrocks 

 

 



Bed rocks in Norway 
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Frost penetration depth 

Predefined thermal conductivity  
and heat capacity not reflecting the 
difference in petrology 
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Frost protection layer, Bodø (Northern Norway) 

Foto: Lars Andreas Solås 



Different Grain Size Distribution Leads to 
Different Heat Transfer Dominance 

http://www.drenergysaver.com/insulation/how-insulation-works.html 
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To be considered: 

Frost susceptibility:  
• subgrade soils 
• aggregates 

• Frost heave  
• Segregation potential 

Frost penetration depth Thermal properties: 
• Thermal conductivity 
• Heat capacity 

Heat transfer in granular 
pavement 

Heat transfer mechanisms: 
• Conduction 
• Convection 
• Radiation 



Laboratory results: frost susceptibility  
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Laboratory results: thermal conductivity 
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Thermal conductivity of crushed rock is higher than 1 W/mK 



Project «Frost protection of roads and railways» 

• Funded by Norwegian Research Council (NRC) 

• Duration: 4 years (2015-2019) 

• Partners: 

o Universities: NTNU (Norway) and Laval University (Canada) 

o Research institute: SINTEF 

o Agencies: Norwegian Public Road Administration (NPRA) and 

Norwegian Railway Administration 

o 2 PhDs 

 





CONCLUSIONS 

 Use of crushed rock materials in road construction 

requires: 

 Complex approach 

 Optimization of their properties (gradation, water 

content, mineralogy)  

 Consideration of thermal behavior 

 

 Laboratory investigations showed: 

 Frost heave in open system is higher than in closed 

system 

 Thermal conductivity is 1.5-2.0 to 4-7.5 W/mK in 

frozen and 3.0-6.2 W/mK in unfrozen states 

 

 A large Norwegian R&D project is to develop further frost 

protection design  
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