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The current model

T3, T4

Frost protection required

Design choices:
- crushed rock
- foam glass / expanded clay
- xps

No frost heave



The current model

Crushed rock or sand Foam glass or expanded clay
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Stefan (1889)

kf∇T− = L
∆z0
∆t

Skaven-Haug (1971) Konrad & Morgenstern (1981)

SSR model:  Seppo Saarelainen (1992) (Seppo Saarelainen Routanousu)

𝒒𝒒− = 𝒒𝒒𝒇𝒇 + 𝒒𝒒𝒔𝒔+ 𝒒𝒒+

+ kt∇T+ + LwSP ∇T−

heat balance equation
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Current model equation

Stefan’s equation: “ ..describes the dependence of ice-cover thickness 
on the temperature history.. ”

energy conducted = energy from phase change 

heat balance equation

𝒒𝒒𝒇𝒇

𝒒𝒒−

𝒒𝒒+
𝑋𝑋 =

2𝑘𝑘𝑓𝑓𝐼𝐼𝑠𝑠𝑠𝑠
𝐿𝐿 + 𝐶𝐶 𝜃𝜃𝑚𝑚



Skaven-Haug (1971)
February

February
November

𝐪𝐪+ = 𝐤𝐤𝐭𝐭𝛁𝛁𝛁𝛁+� 𝐒𝐒
November: 1.0

April: 0.7

April



Konrad & Morgenstern (1981)

SP = 
Water intake velocity

Temperature gradient

+2°C

+2°C

-4°C

+2°C

formation of 
final ice lens



Konrad & Morgenstern (1981)

SP = 
Water intake velocity (V0)

Temperature gradient (∇T)

𝑞𝑞𝑠𝑠 = LwSP ∇T−

V0 = SP � ∇T



Surface temperature input

Measured values

qf

qf

q+

q+

Temperature

Depth

0°C

frozen

unfrozen

unfrozen

Stefan’s equation



Ground flux
kf∇T− = L ∆z0

∆t
+ 𝐤𝐤𝐭𝐭𝛁𝛁𝛁𝛁+ + LwSP ∇T−

Benoit et al. (2020)

𝐤𝐤𝐭𝐭𝛁𝛁𝛁𝛁+ 𝐪𝐪

XPS

q+
q+



Côté & Konrad (2009) Côté & Konrad (2009)

Ground flux



Why choose SSR model?

- calculates frost depth continuously;

- calculates frost heave;

- easy to program;

- easy to modify;

- easy to implement other models as modules;

- judged as a good equilibrium between simple/ rigid-empirical 

and complex fully-integrated

- used successfully by Quebec Ministry of Transportation 

(Canada) for > 15 years + Finnish experience
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