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RESEARCH ON DURABILITY OF CIVIL ENGINEERING STRUCTURES AGAINST
COLD WEATHER

Abstract : In cold, snowy Hokkaido, the distinctive weakness of peaty soft ground, heavy snowfall in winter and
cold temperatures greatly affect the construction and maintenance of civil engineering structures. It is aimed to
develop technologies for the construction and maintenance of civil engineering structures which are tailored to
cold region conditions.

The first aim of this research is to establish effective and economical design methods for stabilization of peaty soft
ground, and have these incorporated into the manual for measures against peaty soft ground. Site settlement
observation, finite element analysis (FE analysis) and examination on soil parameters for FE analysis were
conducted on this matter and it revealed that residual settlement of road bank on peaty soft ground significantly
affects life cycle costs. As results, a practical determination procedure of soil parameters for elasto-plastic FE
analysis of peat is proposed.

The second is to examine and evaluate deterioration of concrete from combined frost and salt damage. Study was
performed on the relationship between deterioration in actual structures and external environmental factors. It was found that
the frost deterioration tended to be higher in section of structures, which were exposed to water and anti-freeze agents.

The third is to improve the durability of concrete in cold, snowy regions. For this aim modified cement concrete
was developed and tests for applicability of surface penetrant materials were conducted.

The fourth is to improve load capacity of structures by considering their reduced performance under cold, snowy
conditions. In order to confirm effects of cold weather deterioration on the fatigue durability of bridge deck slabs,
wheel-running tests were performed on used slabs in Hokkaido. As the result, a formula for estimating the
remaining lifespan according to the level of damage to the slab was explained and it is clarified that remaining
lifespan of frost-damaged slabs in cold region is smaller compared with other regions. And since the performance
of rubber bearings for improving seismic isolation is expected to vary considerably especially in cold regions such
as Hokkaido, a temperature-dependence experiment on performance characteristics of various rubber bearings
was conducted and temperatures under existing bridges were measured. As the result, the temperature
dependence of rubber bearings was evaluated quantitatively and regional temperature distribution in Hokkaido
was quantified.

The fifth is to study on measures against pavement deterioration in cold, snowy region. This study addresses the
development of asphalt pavement designs that are adopted to the thermal and soil conditions of cold, snowy
regions, and the use of new pavement materials and pavement methods that afford improved pavement
performance. In the first and second fiscal year, the applicability of the large-grain asphalt mixture for snowy and
cold condition has been evaluated by laboratory tests. The performance of composite pavements has been
evaluated by data from test sections in service. The energy dissipation theory is expected to be useful for
evaluating characteristic of fatigue breaking. According to laboratory tests, fatigue breaking times of three
mixtures were obtained. And it is showed that a saturation ratios of asphalt pavement correlate with fatigue
breaking times.

The last is to establish management system of civil engineering facilities in cold, snowy regions. Management
systems for bridges and road pavement are treated in this study. The aim of management system for pavement is
to develop a method for prediction of pavements deterioration, and to develop an evaluation approach of
pavements healthiness. The other objective is to establish a pavement management system suitable for cold and
snowy regions which could provide most relevant maintenance and rehabilitation scenario based on the life-cycle
cost analysis. In the first and second fiscal year, the accuracy of the Markov decision process model for pavements
deterioration prediction and a long-term maintenance strategy was analyzed using the model. The current

performance curves were updated using the latest pavement surface data records and the performance curves
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based on rehabilitation methods have been investigated. Furthermore, the prototype pavement management
sub-system has been improved to meet the concept of preventive maintenance and a hearing investigation to
road administrative offices was held to find out their needs.

In the study for bridge management system, to assist the planning for efficient bridge repair, prototype system
was developed. And since deterioration prediction is important for this system, deterioration prediction method,
which was obtained as a result of fatigue tests for RC slabs, was thus considered for application to this system.

Keywords : durability, cold weather, civil engineering structures



