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Abstract

Abstract

Development of Practical Pipe Heating System with Underground
Water Tank for Snow Thawing and Ice Prevention on Roads and
Bridge Decks

Narifumi YASUMURA

Yamaguchi prefecture locates in the western end of Honshu Island in Japan; the climate is
relatively mild even in winter. Most drivers in the mild region have no winter tires, and they are not
good at driving a car on snowy roads. Thus, slip accidents often happen on icy roads in the event of
snow or low temperature. In particular, most of such traffic accidents occur on slopes, bridges and
curves. To prevent the accidents in winter, road heating systems have been employed even in the
mild region.

The object of this research is a pipe heating system with underground water tank. The system is
employed at an actual mountain road in Yamaguchi. The site locates in a relatively mild region,
where the annual average air temperature is approximately 15 °C. Snow accumulations are not
frequent in winter, but the temperature often drops below 0 °C through midnight and the early
morning hours.

The practical pipe heating system which uses only groundwater stored in a large underground tank
was developed in the present study. The underground tank provides geo-thermal energy, i.e.
groundwater of constant temperature, through heating pipes embedded in concrete pavements with
no electric heater or fuel boiler. The system was constructed in the National road Route 315 in
Yamaguchi prefecture. The section of roadway for snow thawing and ice prevention is 116.4 m in
length, and consists of 2 short bridges and a road between the bridges. Moreover, the road was
dangerous for drivers in winter because the site is a limited visibility S-shaped curve.

This paper outlines its design and construction, and provides fundamental data on the developed
system. In addition, this paper reports on snow-thawing effects and ice prevention, and presents
thermal properties based on long-term measurement over 3 years.

The outline of this thesis is summarized as follows:
Chapter 1, Introduction, presents the background and purpose of this study. In particular,

this chapter outlines characteristics of traffic accidents and road heating systems, and descri

bes the plan of the developed pipe heating system.
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In Chapter 2 Review of Previous Studies, previous investigations dealing with road heating

system are reviewed, and the object of the study is clarified as comparing with former systems.

Chapter 3, Development of Practical Pipe Heating System with Underground Water Tank,
describes the concept of the developed system. Moreover, this chapter outlines the design and
construction, and presents fundamental data of the developed system. To prevent icy roads,
groundwater of constant temperature stored in the underground tank is circulated to the heating pipes
embedded in the concrete pavement. The pipe heating system was constructed at approximately 50%
of the cost of comparable systems. In addition, there is a reduction of 10% in operating costs

compared with the previous system.

Chapter 4, Effect of the Pipe Heating System, reports the snow-thawing and ice prevention
effects of the road. According to the long-term observation, the piped heating system has kept the
road conditions safe during the winter season by always removing the snow and ice from the heated
road and bridge sections earlier than the surrounding roads. In particular, it is remarkable that the

system was able to remove snow even in heavy snowfall.

Chapter 5, Proposal of an Appropriate Running Method Based on the Long-term
Measurement of Temperature, proposes an appropriate running method for the system. To control
the water temperature, the study tried to circulate water in the tank to the pipes when the road
temperature is higher than the water temperature. The test results indicate that the proposed method
increases the water temperature even by running the water for short periods of time in winter.
According to long-term temperature measurements, this system has prevented the road temperature
from decreasing below 0°C, even through nighttime and morning periods. The author recommends
that the proposed pipe heating system can be implemented as an economical and effective method

for snow thawing and anti freezing in relative mild regions, e.g. western Japan.

Chapter 6, Conclusions, summarize important knowledge of the study, and describes future

problems at the end of the thesis.
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