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RESEARCH ON THE 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 visco-plastic FE
analysis of peat is proposed. An effect of new ground improvement technology such as the trencher mixing
method, the plastic drain with reinforced fill using iron wire netting and the vacuum cap drain method was
evaluated. A cavity exploration technique and a displacement measurement technique were examined for the
development of simplified and efficient inspection technique for sluiceways.

The second aim is to examine and evaluate concrete deterioration caused by combined frost and salt damage.
Methods of measuring frost depth and quantitatively ascertaining the degree of deterioration through
non-destructive testing were established, and techniques for evaluating the influence of moisture on ultrasonic
propagation velocity and the progress of scaling were also clarified. It was also revealed that the maximum load
decreased more significantly in RC members with high levels of deterioration caused by freeze-thaw action.

The third is to improve the durability of concrete in cold, snowy regions. Tests on the practical use of modified
cement concrete confirmed that it was applicable to factory products, and that the adoption of expansive
admixture and shrinkage reducing agent is effective as shrinkage reduction measures. Furthermore, the effect of
the surface penetration method in reducing the speed of reinforcement corrosion caused by combined frost and
salt damage and its range of application were also clarified. For short-fiber-reinforced concrete, it was found
possible to estimate the static punching shear strength using proposed equations and dynamic loading capacity
of RC slabs using dynamic response ratio. It was also confirmed that the impact resistance improvement effect of
mixing with short fiber was greater for lightweight concrete than for the ordinary concrete.

The fourth is to improve fatigue durability of bridge deck slabs under cold, snowy conditions. In order to confirm
effects of repair methods, wheel-running tests were performed. And strengthening method depending on levels of
deck slab deterioration was proposed. The temperature dependence of rubber bearings was evaluated quantitatively, and
trial design was performed on an actual bridge model based on the results of this evaluation. Also, the ductility of steel plate
(40 mm or thicker) used for steel bridges was evaluated in order to clarify the required ductility in low temperature.

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.

The follow-up survey for performance of composite pavements in tunnels has been done. The aggregate exposed
method was tested in the field, and the performance was evaluated. For the pavement design, the strain of
asphalt pavement layer was examined with FWD and a truck-loading test in the test sections in service.
Furthermore, the fatigue-life analysis system, which estimates pavement life effectively, has been established.
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
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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.

GPR (Ground Penetrating Radar) was used for detecting deteriorations and/or moisture in pavement structures
on bridge floor slabs. Also, the follow-up survey for performance of the preventive maintenance methods has been
done.

As for bridges; bridge management System, the accuracy of the deterioration prediction method based on the
Markov transition probability was revalued by using newly inspection results. And, in order to output the execution
plan of bridge repair which considers workable budget, the weights for the priority of the repair project was set.

Keywords : durability, cold weather, civil engineering structures



