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What is frost heave?
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Schematic of ice lens formation and frost heave development 
(Ingeman-Nielsen, 2017)



Modelling Concept
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Coefficients
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Heat Transfer
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Force Equilibrium
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Weak form of Continuity Eq.
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Weak form of Continuity Eq. in the Crack
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Weak form of Heat Transfer Eq.
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Weak form of Heat Transfer Eq. in the Crack
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Weak form of Equilibrium Equation

09.09.2019 12

. 0r − =σ g

( ) ( ) ( )

( ) ( )

*: :

. . . . 0
d d

d d t

w

w d

d p d

p d d d d

 

    r

 

 
   

−   −   −

 +   −  =

 

   

u σ u I

u I n u t I n u t u g 

d 

n

dn
+

-

Assumptions:

➢ Traction is continuous

➢ Displacement is discontinuous; i.e. there is a jump



Approximation of the primary variables
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Approximation of the primary variables
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Approximation of the primary variables
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Approximation of the primary variables
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XFEM formulation of the system
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1-Dimensional Test
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1-Dimensional Test (1st ice lens)
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1-Dimensional Test (2nd ice lens)
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1-Dimensional Test (3rd ice lens)
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Thanks for your attention!


