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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 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 was examined for the development of simplified and efficient
inspection technique for sluiceways.

The second aim is to examine and evaluate concrete deterioration resulting from combined frost and salt damage.
A study was performed to investigate the relationship between deterioration in actual structures and external
environmental factors, as well as to elucidate the correlation between ultrasonic measurement values and
material properties (e.g., mechanical characteristics, diffusion coefficients) in actual structures and laboratory
acceleration tests. It was found that the degree of combined deterioration tended to be higher in sections of
actual structures that were located in the path of flow and were in service for many years. The correlation
between ultrasonic propagation velocity and crack density varied greatly when the freeze-thaw frequency was
higher and the in-service period was longer. The influences of frost damage on material properties included
reduced ultrasonic velocity and an increase in crack density with lower compressive strength. While diffusion
showed a correlation with ultrasonic velocity, its correspondence to crack density was insignificant, indicating a
possible influence from the width and length of cracks. A static loading test revealed a tendency for fracture
modes to vary with differences in the range of frost damage.

The third aim is to improve the durability of concrete in cold, snowy regions. To this end, tests were conducted on
the practical application of modified cement concrete, and test construction with factory products was carried out
to examine its applicability. As a result, modified cement concrete with performance characteristics that can be
varied by changing binder types and water-binder ratios was developed, and its applicability to factory products
was verified. Follow-up field surveys confirmed that surface penetrate materials were effective in controlling
deterioration and inhibiting the progress of scaling in new and reconstructed members. Exposure testing in
coastal areas also indicated their effectiveness in inhibiting the penetration of chloride ions. Rust-preventive and
silane surface penetrate materials were similarly confirmed effective in reducing the corrosion rate of reinforcing
bars. The durability, mechanical characteristics and member capacity of short-fiber-mixed concrete were
examined to enable its application in cold, snowy areas and its practical use in the prevention of peeling and
flaking, repair and reinforcement and other purposes. The results indicated that improvements in flexural
capacity, shear capacity and impact resistance could be achieved. Mixing conditions for short-fiber-mixed
lightweight concrete with on-site workability (i.e., pumpability), frost resistance and compressive strength were
also established.

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. A government request to promptly study repair



methods was met; based on the results of evaluation, repairing and strengthening method depending on levels of
bridge deck slab deterioration was proposed. Trial construction was also conducted for damaged bridge deck
slabs based on the results of experiment, analysis and verification.

The temperature dependence of rubber bearings was evaluated quantitatively, as their levels of performance are considered to
change significantly in cold conditions. Based on the results of this evaluation, trial design was performed on an actual bridge model.
Charpy impact tests were also conducted on the base material and on welded parts in order to clarify the required ductility of steel
plate (40 mm or thicker) used for steel bridges 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. In the first, second and third fiscal year, the performance of proposed composite pavement
structure has been evaluated by data from test sections in service. In order to establish a multilayer elastic
theory for cold and snowy regions, the strain of asphalt pavement layer was examined. This is based on FWD
measurement results obtained from pavement testing on the major national reads in Hokkaido. It is showed that
calculated strain is good approximation of the measured strain. Also, dump-truck loading test was conducted in
winter to evaluate the behavior of pavement structures during midwinter and thawing period. Characteristic of
fatigue breaking of pavements is key issue to improve the durability of pavements. It is verified that the life of
pavement structure can be estimated by the fatigue standard equation which is obtained from the four-point
bending fatigue breaking test, the multilayer structural analysis and data from field tests.

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, second and third fiscal year, the accuracy of the current performance curves were
updated using the latest pavement surface data. And, the evaluation method for porous pavements in cold,
snowy regions has been developed. Furthermore, the prototype pavement management sub-system has been
improved to meet the concept of preventive maintenance. The new system, which is designed for field
administrative engineers, can plan the pavement rehabilitation and maintenance schedule based on the
estimation of future pavement performance.

As for bridges, the deterioration prediction method for deck slabs from mechanical point of view was introduced
into a system, and the evaluation on the validity of this method for a deterioration prediction and repair
simulation was ready. The plan of the system use manual was devised. In addition, the experimental study on
the durability of the lower surface reinforcement for deck slab was performed. As the result, the lifespan was
largely prolonged, and it was clarified that the lifespan was different from previous deterioration prediction and
progress of deterioration was more moderate.
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