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Given the freezing index contour and the crosssectional conditions of the field pavement, a field monitoring system is built
with a total of 45 cross sections. The frost penetration depth is then calculated using the internal temperature data collected
through the system. By estimating the temperature change of the asphalt pavement depending on the air temperature change
by using a thermal equilibrium equation with both variables of the measured air temperature and the internal temperature
by pavement layer and by analyzing the change of frost penetration depth according to the surface temperature change,
a frost penetration depth prediction model is presented that is thought to be most appropriate and rational for Korea’s
climate and environmental conditions.

INTRODUCTION

Climatic conditions such as freezing temperatures and rain-
fall are important factors affecting road pavement serviceability.
Because of the climatic characteristics of Korea, exemplified by
seasonal frozen ground, the pavement freezes up to a certain depth
in the winter season, while it thaws in the spring season. To reduce
the damage caused by the freezing and thawing of the pavement
(a dominant environmental factor), an antifrost layer needs to be
incorporated in the pavement design to prevent freezing of the
pavement.

The frost penetration depth, calculated based on the freezing
index, is reflected in current asphalt pavement design. The current
calculation of frost penetration depth, however, does not appropri-
ately reflect the internal temperature change of the pavement layer
according to air temperature or the freezing index created based
on the changed weather conditions and air temperature due to cli-
mate warming. To address these problems, the temperature distri-
bution according to the pavement layer needs to be analyzed by
measuring not only the air temperature by region, cross section,
and season, but also the internal temperature of the field pave-
ment.

Given the freezing index contour and the crosssectional con-
ditions of the field pavement, a field monitoring system is built
with a total of 45 cross sections (15 sections in the cutting area,
15 sections in the boundary area of the cutting and embankment,
and 15 sections in the lower area of embankment). The frost pen-
etration depth is then calculated by using the internal temperature
data collected through the system. By estimating the temperature
change of the asphalt pavement depending on the air temperature
change using a thermal equilibrium equation with both variables
of the measured air temperature and the internal temperature by
pavement layer and by analyzing the change of frost penetration
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depth according to the surface temperature change, a frost pen-
etration depth prediction model is presented which is thought to
be the most appropriate and rational for Korea’s climate and envi-
ronmental conditions. In addition, to verify the frost penetration
depth prediction model, the model was compared to the equa-
tions proposed by the Korea Institute of Construction Technology
(KICT) and the Japan Road Association (JARA), and the results
were analyzed.

THEORETICAL BACKGROUND

Most studies conducted on frost heaving in Korea have focused
on the influence of frost penetration depth or frost heaving pres-
sure Studies on frost heaving pressure have focused on its influ-
ence according to soil types without considering pavement char-
acteristics or field conditions and frost penetration depth has been
identified through a freezing index after calculating the index
meteorological observatory data. However, there is a limitation
in disclosing the relation between the internal temperature of the
pavement and the frost penetration depth (Shin and Park, 2012).
Simple mathematical methods of frost penetration depth estima-
tion based on the modified Berggren equation have been preferred
(Aldrich, 1956), and the best model for predicting the frost pen-
etration depth was developed from a design point of view with
consideration of two parameters, such as the correction factor and
the freezing index (Argue and Denyes, 1974; Cohen and Fielding,
1979).

To determine an elastic modulus, Chou (1993) set the temper-
ature at the third point of the asphalt pavement layer, which was
calculated by using air temperature as the representative tempera-
ture. Chou (1993) then presented an equation for seeking the elas-
tic modulus of the asphalt pavement layer by using the set temper-
ature. Dickinson (1978) predicted the internal temperature of the
pavement structure by developing a finite difference temperature-
prediction program with meteorological data including solar radi-
ation, monthly highest temperature, and the sunrise/sunset time in
Australia.


