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ABSTRACT

The purpose of this study is to propose a new subgrade design method for concrete
pavement in cold snowy regions in order to contribute to the reduction of maintenance
frequency and the reduction of life cycle cost by increasing the durability and life of road
pavement. The subject of this study was measures against frost heaving of subgrade,
and in order to evaluate the existing design method, damage investigation of the existing
pavement, FEM analysis and pavement life evaluation using fatigue degree calculation
were carried out. Furthermore, in order to propose a new design method, the
measurement technique and estimation method of the maximum freezing depth were
examined using the test pavement and the road in service.

It has been pointed out that "cracks occur in concrete pavement even on slight frost
heaving" (Hokkaido Pavement History, 1985.). However, Japan's design method
(Pavement Design Handbook, 2006.) allows frost heaving, and adopts the design method
in which up to 70% of the freezing depth within the design period is replaced with non-
frost heaving material. In this study, field surveys of concrete pavement was conducted
to evaluate the validity of the current design method. As a result, it was clarified that
many structural damages of the concrete pavement slab occurred at the survey location
where the frost heaving subgrade soil was present at a position shallower than the
freezing depth. Next, the effect of frost heaving on pavement life was examined using a
pavement life evaluation method using FEM analysis and fatigue calculation. As a result,
it was clarified that if the subgrade freezes and even a slight frost heaving occurs, the
pavement life will be significantly reduced.

In addition, in order to evaluate the applicability of the maximum freezing depth
estimation method (Pavement Design Handbook, 2006.) currently used for road design
to concrete pavement, comparison with the actual freezing depth was performed. In
order to obtain the freezing depth, the method has been developed that automatically
measures the pavement temperature and electrical resistance to determine freezing,
non-freezing, and thawing. This enables highly accurate automatic measurement. As a
result of comparison, a discrepancy was confirmed between the currently used
estimation method and the actual freezing depth. Therefore, a new estimation method
using heat balance analysis and heat conduction analysis that can take into account the
characteristics of concrete pavement, which is light-colored pavement, was investigated.

It was clarified that the difference between the new estimated value and the actual



freezing depth is about + 50 mm, which proves to be highly accurate. Based on the above
results, new method for setting the replacement thickness of concrete pavement, and
technique for automatically measuring the freezing depth of the pavement was proposed.
Based on recent social demands, this research is positioned as an initiative that links
social problem-solving research in pavement structure design with theoretical pavement
design. The research results that propose a method for estimating the freezing depth in
concrete pavement and design conditions that take frost heaving into consideration are

considered to greatly contribute to the cooperation.
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