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Hybrid structures are made of concrete, steels other than reinforcing bars and other materials
such as FRP (if any). As an example, steel concrete composite slabs made of steel plates and

concrete are one of the hybrid structures.
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Even though the structure is not failed by just one cycle of loading, if the load is applied many
times, it would lead failure. It is called fatigue. As factors inducing many cycles of loading,
transportation load (repeated pass of vehicles and trains, etc.), wave load and wind load are
known. Fatigue frequently becomes a problem in steel structures, but concrete is also suffered

from fatigue.
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Salt attack causes corrosion in steels and observed in both steel and concrete structures. On
the other hand, carbonation is a deterioration which is observed in only concrete structures.
Sound concrete has an alkaline property and therefore it can protect inner steels against
corrosion. But it becomes neutrality when the concrete is suffered from CO; gas in the
atmosphere and acid rains, resulting loss of the protection function for corrosion. Both of the
deteriorations do not change the concrete property itself, but affect mechanical properties of

steels.
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Corrosion is a phenomenon that steels become rust (oxidized steel). Factors reducing

structural performances are as follows.

1.

Reduction of strength and stiffness because of loss of cross sections

Strength of rust is much smaller than that of original steel. Therefore, the portions where
steels become rust are equivalent that the steels are just lost.

Cracks in concrete caused by expansion

Rust has a much larger volume than that of steel. Therefore, when steels in concrete are
corroded, expansive pressure occurs. The expansive pressure pushes out the surrounding
concrete and when the concrete cannot resist against the pressure, cracks occur. It is
called corrosion cracks.

Reduction of aesthetic property due to rust fluid

When moisture such as rain water is mixed to rust, it becomes a quasi-liquid fluid and

exposed to the outer surface of the structure.
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Hokkaido is one of the most typical regions in the world where frost damages are observed.

Frost damages in Hokkaido are severer than colder regions such as Siberia. Why?

Frost damage is a phenomenon that a part of moisture in concrete is frozen and its expansive



pressure induces a damage. However, only one-time freezing does not induce a significant
damage. It is known that frost damage occurs by a number of cycles of freezing and thawing
process. It is because frost damage is gradually progressed by a cycle of; expansion by freezing
-> micro cracks occur -> moisture penetrates into the micro cracks during thawing ->
moisture in the cracks is frozen and the cracks more propagate. Therefore, frost damage is
more typical in the regions where moisture is frozen in night and thawed in daytime than

extremely cold regions where moisture is always frozen.
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Alkali aggregate reaction (AAR) is a phenomenon that the chemical reaction of aggregates
containing silica and alkaline component in concrete generates expansive alkali-silica gels and
their expansive pressure induces a damage. In general, random cracks as shown in the picture
in the slide are observed on concrete surfaces by AAR. Strength reduction of concrete is
concerned. In addition, there are past reports that rupture of steel reinforcing bars at the

bending parts due to the significant expansion pressure from the inside were also observed.
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There are various factors which induce chemical attack in concrete. One of the most typical

one is a damage caused by sulfate. You may check where sulfate attack is often observed.



