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Abstract:
A model was developed to predict the temperature and melting of snow and ice on roads for a single
grid point with hopes to link the model with the Radiation Thermal Road Temperature Model
(RadThermRT) and perform similar calculations over a large surface with many grid points. The
model’s geometry consists of two separate parts, the subgrade and the ice/snowpack. Sand, unbound
rock aggregate, and bituminous asphalt are three materials used to represent a typical asphalt highway
cross-section. At 1 meter down in the sub-grade a diurnal depth temperature is reached, which serves as
the lower boundary condition for the model. The ice/snowpack is created using multiple 1 mm thick
layers with specified properties such as, density (kg/m3), impurity content (ppm), and grain size (mm).
Air temperature (C), barometric pressure (mbar), relative humidity (%), incoming solar radiation
(W/m2), and cloud cover (%) are the meteorological inputs used to run the model. Each ice/snow layer
has an albedo, which is calculated using the Computation Albedo Routine (CAR). Conduction,
convection, short-wave radiation, long-wave radiation, and the latent heat of evaporation are heat
transfer methods used to change the temperature or the phase of the ice and snow layers. In addition to
temperature change and phase change a runoff function predicts how much time is needed for a melted
layer of snow or ice to run off. Thermal energy balance is used to derive the differential equation
solved in the model. The model is solved numerically using a variation of the Crank-Nicolson method
to account for unequal mesh sizes. Absorbed solar radiation and impurity content play a large role in
how much and where melt is going to occur in the snow and ice layers. An experiment was run to
validate the model. Pure ice was modeled on a highway test box, providing assurance that the model
was working correctly. Eight hypothetical experiments are also introduced to demonstrate the model’s
ability to account for snow versus ice and impurity content. 
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2 008!06 3 208!02 9 008!0/ 1 1'8<0' / /58<05
2 208!06 3 208!02 9 008!0/ 1 0'8<0' / 058<05
5 008!06 2 008!02 4 208!0/ 1 028<0' 1 648<05
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