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Abstract : To counter the freeze-thaw deterioration of concrete structures in saline environments, various surface protection methods
have been used. However, their durability in cold snowy regions has not been fully clarified. This study aims to establish appropriate
design and application methods for surface protection against freeze-thaw damage in saline environments. Of the several surface
protection methods, we made durability tests and durability surveys for three: the buried formwork method, the urethane coating
method and the sheet application method. We analyzed their design and construction methods.

For the buried formwork method, the results confirmed that the deterioration of the joint material caused weak adherence at the
interface between the buried formwork slab and the base concrete, allowing the chloride to penetrate the base concrete. Also for the
buried formwork method, we confirmed the importance of appropriate joint material selection, because the joints are prone to
deterioration. We confirmed the importance of careful installation of the buried formwork, because adherence at the edges of buried
formwork tends to weaken with time. Furthermore, we proposed an onsite manual that contains guidance for selecting
weather-resistant joint material. We confirmed that it was necessary to conduct prior confirmation of the adherence between the joint
material and the buried formwork slab based on test conditions that reproduced the actual conditions.

For the urethane coating method, we confirmed weak adherence between the urethane and the concrete for members whose moisture
content on the concrete surface was high during application of the coating. We also confirmed that urethane flaking can easily occur for
members whose urethane-concrete interface tends to receive much water supply. Also, the experiment found that saltwater and
freeze-thaw action greatly affect adherence, and that applying a silane surface treatment material to the urethane edges controls flaking
at the urethane edges. We confirmed the favorable results of surface protection by test installation of urethane anti-flaking technology
with a silane surface treatment material on the floor slab of bridges in service.

For the sheet application method, after an investigation of 52 sites in Hokkaido where the method was applied, we confirmed that
about 60% of structures had flaking deterioration and 50% of structures had increases in deterioration with time. The results of
laboratory tests of the sheet application method confirmed that even the FRP (the fiber sheet and the impregnating adhesive resin) alone
has sufficient water sealing, without the protection layer and over-coating agent. Also, high water-sealing performance was found to
prevent moisture absorption, although it was also found to trap internal moisture. We confirmed that there were deterioration cases in
existing structures caused by freeze-thaw in water-saturated concrete. To counter freeze-thaw action in water-saturated concrete, the
concrete internal moisture needs to be discharged, such as by the installation of drain holes, the application of a grid pattern or the
application of air-permeable resin.

We summarized these results comprehensively, and we prepared and proposed the "Design and Construction Manual of Surface
Protection Methods (draft)".

Key words : Precast Concrete Permanent Forms, Urethane Coating, Sheets, Saline Environment, Frost Damage,
Adhesion
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