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Abstract

Concrete suffers the combined influence of frost and salt damage in cold snowy regions, where the
adoption of measures to improve its long-term durability is urged. In this context, the evaluation of
concrete durability in the actual environments is necessary, but actual verification takes a very long
time. For this reason, durability is predicted/evaluated based on the results of accelerated tests or
short-term exposure tests. However, the details of predicted/evaluated durability and actual durability
in actual environments have not been fully verified.

In this study, investigations were conducted for years by using exposure test sites, exposed samples of
existing structures and on-site test installations to verify the long-term durability of concrete in actual
environments and the practicability of prediction/evaluation methods.

From the long-time exposure test results of the first Tokachi Ohashi Bridge concrete, it was confirmed
that carbonation of concrete progressed little from the start of exposure test. However, the compressive
strength and ultrasonic propagation velocity of concrete decreased in some parts, and they were thought
to be caused by frost damage. Thus, the necessity for the extended investigation was assured. As for the
carbonation rate, the actual value turned out to be greater than that calculated from the present
prediction formula, clearly suggesting that effects of cement properties such as fineness need to be
taken into consideration.

According to the investigation conducted five years after the placement of modified cement concrete
products with improved durability for cold snowy regions, the modified cement products were less
scaling deterioration and higher protective effect against chloride ion penetration in comparison with
general products. It was also confirmed that the chloride ion diffusion coefficient derived from measured
values disagreed with that from the proposed prediction formula. Thus, more data must be accumulated
and examined further.

Based on the investigations on specimens exposed to the coast of the Japan Sea for eight to ten years
and existing structures, which were applied silane type surface penetrants, it was verified that silane
type surface penetrants which satisfied specifications of the road design manual of Hokkaido Regional
Development Bureau carried on a protective effect against chloride ion penetration and that the
proposed prediction method worked effectively. Where the silane type surface penetrants is applied to
wheel guard and wall rail of a highway bridge, the apparent diffusion coefficient of water-repellent layer
was proved appropriate to be set at a hundredth of that of base concrete in predicting or designing

chloride-ion penetration.

Key words: cold snowy environments, exposure test for long periods, concrete durability, prediction/evaluation
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