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LTU

Luleå

0.8 m

0.6 m

0.6 m

3.4 m

1st field installation
• 3 culverts (0.6/0.8/3.4 m)
• Temperature inside the 

culvert
• Air flow velocity

2nd field installation
• 1 culvert (0.6 m)
• Temperature inside 

the culvert
• Air flow velocity
• Temperature around 

the culvert
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1st field installation

0.6 m 0.8 m 3.4 m
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Ø 0.6 m

CS1 CS2 CS3
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Outside 
temperature
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CS1 CS2 CS3
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Outside 
temperature

Ø 3.4 m
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Max. air velocity

0.6 m      2.1 m/s

0.8 m      0.8 m/s

3.4 m      1.1 m/s
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0.6 m
3.4 m

Ø 0.6 & 3.4 m
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> 1 m/s

CS1 CS2 CS3

Airflow

10

Outside 
temperature

Ø 0.6 m
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Ø 0.6 m Ø 0.8 m Ø 3.4 mØ 0.8 m
Max.  0.8 m/s

Ø 0.6 m
Max. 2.1 m/s
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Max. 1.1 m/s
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1st field installation

Temperature variation in 
culverts 

Two temperature 
distributions 

Culvert closed 
Culvert open

Air flow influences 
temperature distribution

Velocity
Direction
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2nd field installation
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Numerical modelling
Airflow
Wind velocity and directionality

Frost depth
 Airflow velocity
Outside teperature
 (No snow vs. snow)

Culverts Ø
 0.6 m (based on 2nd field installation)
 0.8 m
 1.0 m
 1.5 m
 2.0 m
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60 Days

60 Days
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Numerical modelling- air flow
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Numerical modelling- air flow
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4
m

Numerical modelling- frost depth
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°C

-1.5

-2

-2.5

-3

Inlet
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-6.9 °C
0.2 m/s

Frost depth 
after 60 days
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Frost depth 
after 120 
days
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Inlet
-1.5 °C
0.01 m/s

-0.01°C



L U L E Å  U N I V E R S I T Y  O F  T E C H N O L O G Y

°C

-1.5
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InletParametric study
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-6.9 °C
0.01; 0.1; 0.2; 0.5; 1; 1.5; 2 m/s

Ø (0.6); 0.8; 1; 1.5; 2 m
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Numerical modelling- frost depth
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Numerical modelling- frost depth
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Conclusion
 Temperature inside culverts is not equal to outside temperature

 Two temperature distributions (airflow vs no airflow)

 Multiphysics models can be successfully used to model heat transfer within
culverts

 Frost depth increases with culvert diameter and airflow (wind) velocity
 Especially for larger culverts

Frost penetration slows once ends of the culvert are coved by snow

32



L U L E Å  U N I V E R S I T Y  O F  T E C H N O L O G Y

Future work
Cross-validation of numerical 

models
• More winters
• Different locations

Guidelines for non-frost susceptible 
design of culverts
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Annual average 
temperature in in 
January for 
1991-2020

Luleå
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Snow depth 1st of February 2024
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1
January

Feb

March

184 cm170 cm0 cm

0 cm

0 cm 178 cm 188 cm

184 cm 193 cm
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2
January

Feb

March

149 cm1330 cm 145

168 cm1460 cm 163

184 cm1670 cm 182
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1 2

January
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35 cm37 cm0 cm

20 cm32 cm0 cm

9 cm17 cm0 cm
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Field installation- update
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Luleå

Ø 0.6 m
old Ø 0.6 m

new

• Air velocity

• Temperature inside the
culvert + temperature
probes under the road

CS1 CS2 CS3
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CS1 
colder

CS3 
colder

CS1-CS3



L U L E Å  U N I V E R S I T Y  O F  T E C H N O L O G Y



L U L E Å  U N I V E R S I T Y  O F  T E C H N O L O G Y

Is there enough snow to cover the ends of the culvert?

Yes No

Size of the 
culvert?

≤ 0.8 (1) m ≥1 m

Wind direction?

Perpendicular Parallel

Presence of 
culvert will 
not 
significantly 
increase frost 
depth

Presence of culvert 
will affect frost depth
Assessment needed

Snow covers the 
ends

Increase in frost 
depth is minimal 
after ends are 
obstructed

Size of the 
culvert?

Wind direction?

Presence of culvert 
will affect frost depth
Assessment needed

No snow cover- 
Frost depth will 
continue to increase 
throughout winter

0.6-0.8 m ≥ 1 
m

Perpendicular Parallel

Presence of 
culvert will 
not 
significantly 
increase frost 
depth
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