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I Pu rpose of study
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@ SAFF-1I model: A RST & j forecasting model along a road net work
&;> To support a safe wmter road management
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How to build a route-based road
e friction forecasting model?
[ ] SAFF I model = A heat and mass/volume balance method using a digital surface model (DSM)

What we did was

[> The validity of the SAFF- I model=—=> By comparing the calculated and measured spatial variations
in RST and HFN (Halliday Friction Number)

R SAFF I model ' ! |
Road weather calculation Heat & mass balance on the road surface
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Z*&s"'R'W'E'CA Calculation of road weather usi
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[1 Solar radiation Solar radiation flux on the

i Solar-ray vecto surface of road element:

. . 950 = Sq 4 COS O
! , +(1_fall)qsdf+qsr
:  Discrimination value of solar
radiation (1 or 0)
Direct solar radiation flux
Solar altitude

View factor
dsr- Diffuse solar radiation flux

4y - Reflective solar radiation flux

Diffuse irradiance




As"'R'W'E'%X Calculation of road weather us
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[] Long-wave radiation

Sky radiation

Long-wave radiation flux on

the surface of road element:
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fu: View factor
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90 - Sky radiation flux

Sunshine

915 - Long-wave radiation flux from
mountains and buildings

Long-wave radiation from mountains




A?"‘R'W'E'CA Shadow calculation by SAFF-II model -
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Z%?"'R'W'E'CA Vehicle related heats _
i@é {Shielding of solar &J

sky radiation
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Z*&s"'R'W'E'CA Calculation of road weather usi
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O Major heat fluxes affecting road weather and friction, V 'r

Solar radiation Heat conduction
¢ Direct component % % ¢ Conductive heat in pavement and
¢ Diffuse component roadbed

¢ Conductive heat between tire <z
and pavement

¢ Reflective component
¢ Sunlight interruption <=

Heat transfer

®
¢ Sensitive heat due to natural wind g ® —
(pavement-atmosphere) Long-wave radiation
¢ Sensitive heat due to vehicle From roadside features and sky
induced wind <3 From vehicle bottom <&

. L




Mass and volume balance
equations of snow

ice
Slash[ water
alr




Assawechy Water and ice balances -
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Water balance Ice balance ]
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Air volume balance -
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struech Computational Flow to obtain
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( Start ) 1
, v Calculate surface temperature
Calculate distance between of topographic elements
topographic element and road one
v . o Calculate incident solar and long
Recalculate topographic elements = wave radiation on road elements
v 3] \
Calculate azimuth and gradient of _c;, Calculate heat and mass/volume balance A
all elements © equations of snow and road surface
v o Z
Calculate shape factors of elements © Output: RST; h, and 6, I
¥ 5 S
Judge visibility between road - Calculate HEN usin 5
. = g f(h,, 6) found from =
element and topographic one 3 a p-measurement vehiclé, MIASS vehicle ©
= =
O
Calculate shadow shape along the route © ( End ) é_u

Calculate incident solar and long wave
radiation on topographic elements

RST: road surface temperature
h, : snow depth, 4;: ice content of snow
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Four-axial direction sensing device
mounted in the suspension
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A 1 — Measurement Test
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Passage of
MASS vehicle
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4. Measurement of ice 5. Measurement of
mass content thickness of slush layer




Relationship between pu and t
e ice component in the slush
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Experiment on scattering of slus
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Accuracy assessment of SAFF-
performed on Kitakinki-Toyoo
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I Road weather measuring vehicle
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2 g Thermometer | Anemometer Net radiometer - GPS

Infrared Data logger Continuous

thermometer friction tester

iRSTi (HEN)




struech Accuracy assessment of SAFF
s performed on Kita kinki-Toyo

2012/1/25 15:00~1/26 15:00 A AnéISIS doaln

Analysis domain: (14 6x2!(m)

Kitakinki-Toyooka Expressway, Aogaki ~Santo IC _
& surroundings within 1km range of the route

Outputs: AT e 1 e R gl
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[1Solar radiation and long-wave radiation fluxes , . -- : k.
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Resolution of DSM:
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RESULTS(1): Road surface te
mbas and HFN profiles on a slushy s
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Road surface temperature, RST(°C)

Distance (km)
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Jsiwecs) RESULTS (2): Road surface te
jr® = and HFN profiles on a packed s

North Packed show South
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HFN

Road surface temperature, RST(°C)

Distance (km)

(2012/1/26 6:30) No difference in snow condition
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> Calculated road surface friction (HFN) is in good
agreement with the measured HFN profile along the
expressway.

> The forecast model has a lower RST accuracy at several
spots in the daytime.

> Small terrains, buildings and trees could increase the risk of
misjudging sun shine/shading portions on a road surface.

> Mean error of road surface temperature is 1.4°C.




Thank you for your attention!
Dakujem
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