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ABSTRACT

It is important to prevent early frost damage and the response to the delay in strengthening in concrete.
Early freezing damage stagnates strength development because of water freezing in the concrete before
the early setting stage. Preventive measures against initial frost damage include performing initial
curing to avoid freezing concrete until a compressive strength of 5.0 N/mm?2 is obtained.

In practice, complete antifreeze measures are taken during the winter season. However, frost damage
at early ages may occur with unexpected cold waves and inadequate curing management in places
where the thickness of the member is small.

The authors have investigated the strength enhancement properties of cement paste subjected to
initial freezing damage. It is reported that the damage and recovery degree of the frozen cement paste
are influenced by the water-cement ratio and the curing conditions after freezing and thawing.

In this study, we first confirmed the effects of the water-cement ratio and the curing conditions on
the strength enhancement after freezing at the initial age were confirmed by experiments using cement
paste and mortar. As a result, it was found that there was no change in the reactivity of cement before
and after freezing, and that freezing around the final setting time affected the presence or absence of
damage. Next, the compressive strength-enhancing properties of the frozen concrete at the final setting
time were confirmed. As a result, the compression strength enhancement of the specimen with a small
amount of air in the concrete stagnated due to freezing at the final setting time. In addition, the concrete
frozen before and after the first setting time had cracks at the aggregate interface. It was shown that
the cracks at the interface of the aggregate are one of the factors that reduce the strength of the concrete
that was damaged by the initial frost.

However, initial frost damage occurs in an environment where the outdoor temperature changes
finely. In the current situation, when initial frost damage occurs, it is dealt with in consultation with
the supervisor at each site. Therefore, in order to investigate the optimum initial frost damage range
and depth measurement method, an experiment was conducted in which initial frost damage was
generated in concrete outdoors in winter. As a result, it was found that the damage range can be
specified non-destructively by the degree of repulsion, and the damage depth can be judged by the
change in power consumption during core drill drilling.

Based on the above experimental results, we proposed a method for dealing with concrete damaged

by the initial frost damage.
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