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AL G X H Study on combined degradation on frost damage of concrete
containing fly ash and blast furnace slag
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ABSTRACT

For concrete structures in cold regions, the frost damage often occurs in the winter construction of
concrete, which seriously threatens the performance and structural safety of concrete. The other
concrete deteriorations such as salt damage, carbonation, and alkali-silica reaction (ASR) are also
related closely to the durability of concrete. So far, the single deterioration mechanism is mainly
studied in almost previous studies and the results have been accumulated substantially. However, for
the actual concrete structures, it is not possible to suffer a single deterioration only. On the hand, in
recent years, in the trend of CO; emission reduction, blast furnace slag (BFS) and fly ash (FA) are
used more widely to reduce the cement consumption in the field of building materials.

Therefore, this study will investigate the combined deterioration between carbonation and frost
damage, and ASR and frost damage of concrete containing BFS and FA, the effect on the combined
deterioration would be also made clear.

1. For Non-AE BFS concrete, carbonation can reduce the frost resistance of OPC concrete and BFS
concrete with a low replacement ratio but can improve the frost resistance of BFS concrete with a high
replacement ratio. For AE BFS concrete, the frost and scaling resistance of all concrete is kept at a
high level. The additive of BFS can reduce the frost resistance of Non-AE concrete subjected to
carbonation, and has no effect on frost resistance of AE concrete.

2. For FA concrete, carbonation has little effect on the frost resistance of concrete. Besides, the frost
and scaling resistance are far more reliant on the changes in pore structure than they are on the water
absorption. Due to additive of FA, the frost and scaling resistance of AE concrete subjected to
carbonation is kept at a high level; while, for Non-AE concrete subjected to carbonation, the frost and
scaling resistance tends to decrease.

3. for OPC concrete, expansion due to ASR could be restrained when subjected to freeze-thaw, and
frost resistance is reduced when subjected to ASR. For BFS and FA concrete, expansion due to ASR
could be restrained regardless of being subjected to frost damage. The additive of BFS and FA can
improve the frost resistance of concrete subjected to ASR.

In real environment, AE concrete is used wildly for concrete construction. Therefore, in the study,
it can be obtained that the use of BFS and FA don’t reduce of frost resistance of concrete subjected to
salt damage and carbonation and increase the frost resistance of concrete subjected to ASR. Overall

evaluation, the use of BFS and FA are beneficial to the safety of concrete.
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