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Background

Road covered with black ice
at an intersection

Others
(2270)

Number of traffic accidents
(Winter period, Hokkaido, Japan)

Slipping 
accidents

(540)

CrosswalkBlack ice

Dangerous for 
pedestrians and drivers!
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Effect of vehicle heat on road
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Purpose

Diagnosis of vehicle heats1

Development of Road Surface 
Temperature (RST) prediction model

2

3 Examination of effects of vehicle heats 
on RST
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RST prediction model

Sensible 
heat

Solar 
radiant heat

Long‐wave 
radiant heat

Pavement heat

RST prediction model using a heat balance method

Past model

Body 

Vehicle heats

+

Proposed model
(natural and artificial factors)
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Vehicle heats

Vehicle sensible 
heat flux : Sva

Vehicle radiant 
heat flux : Rv

Tire frictional 
heat flux : St



◆

Standing International Road WEather Conference 2008 University of Fukui, JAPAN

60W/m2K
( )vat V,TfT =

( )psttpt TTS −=α
Newton’s law of cooling

Tire frictional heat

Tt
(Tire temperature)

Tps
(Road surface temperature)

αtp
(Heat transfer

coefficient)

Air temperature

Vehicle speed
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( )415273.TR vvv += σε
Stefan‐Boltzmann law

Vehicle radiant heat

( )av TfT =

Temperature on the 
bottom of vehicle

Ta: Air temperature

εv : Emissivity of vehicle
Tv : Temperature on bottom 

　of vehicle
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Newton’s law of cooling

( )psasva TTS −=α

Vehicle sensible heat

Ta
(Air temperature)

Tps
(Road surface temperature)

αs
(Heat transfer coefficient)

22410 70 .V. .
ws +=α

Vehicle induced 
wind velocity
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Vehicle induced wind

Anemometer

Manhole
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Vehicle induced wind

Middle‐size vehicle

Vv :Vehicle speed
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Weather conditions for numerical simulation

RHa
Ta

Vw
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Traffic conditions for numerical simulation

Nv

Vv
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Commuting time

Commuting time

Thermal effects of vehicles

Vehicle radiant 
heat : Rv

Tire frictional 
heat : St

P= Total heat
Vehicle heat (St or Rv or Sva)

Vehicle sensible 
Heat : Sva

Daytime
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Air temperature

Road surface temperature
Observation

(Non vehicle‐passage area)
Calculation

(Non vehicle‐passage area)

Tire‐passage part

Non vehicle‐
passage area

3ºC

0.2ºC

PassageNon　
passage
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Effect of vehicle heats on snowy road

Dry snow

Pavement

Stop!

Melting Heat gain
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Effect of vehicle heats on snowy road

Slush

Go!

Freezing

Wind

Heat lossBlack ice

Pavement

Long‐wave 
radiant heat



◆

Standing International Road WEather Conference 2008 University of Fukui, JAPAN

Conclusions and future perspectives

Vehicle radiant heat
Tire frictional heat 
Vehicle sensible heat

Traffic
volume

Speed

Vehicle heats

RST prediction
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of black ice Safe
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Salting, heating
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Winter road
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Thank you very much 
for your kind attention.
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Typical example of thermal effect of vehicle
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Rise due to tire frictional heat 
and vehicle radiant heat

Fall due to vehicle 
sensible heat
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Heat balance

Internal energy Natural factors
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Vehicle heat
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Amount of salting

Salting vehicles

Increase
(Three times)
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Heat transfer coefficient between tire and road

Tire

Pavement

Generated heat
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Tire temperature

Tire temperature

( )vat V,TfT =
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Temperature on bottom of vehicle

Engine

Muffler
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Quantification of vehicle induced wind
( ){ } ( ) ( )0vvmaxvmaxvvmaxvvmaxww tttttcttbexpVV ≤≤−−−−=

Vwmax

twmax t0

( ){ } ( )maxvvmaxvvmaxww ttcttbexpVV −−−−=

vw atV =


