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ABSTRACT

Due to the limitation of the protection and conservation of the environment
and natural resources and high finance, long-term sustainable use of concrete is
of importance issue in the concrete industry all over the world. However, the
deterioration of concrete structure is inevitable when the material is exposed to
extreme weather condition. Freeze-thaw durability is of great important under
cold climates. When exposed to the freezing and thawing cyclic conditions, the
lower frost resistance of concrete structure could be occurred to the ice
expansion, accompanying damaged surface and micro-cracks, and connect to the
deterioration of the concrete structure. Therefore, to solve this problem, it is
necessary to fill the micro cracks to extend the service life of the concrete
structures.

The main objective of current research is to investigate the effect of
self-healing on damaged concrete incorporating fly ash and ground granulated
blast furnace slag.

In chapter 2, the reaction rate and self-healing ability in fly ash blended
cement mixtures that deal with reaction of fly ash paste, optimization
replacement ratio of fly ash, variation of pore structure and deterioration degree
in mixtures were investigated. The experimental results revealed that
incorporating fly ash in cement paste would affect the hydration rate of fly ash
and consumption of calcium hydroxide. Velocity of reaction rate and the
optimization of fly ash replacement ratio to fill micro cracks in the concrete were
suggested.

In chapter 3, the self-healing ability of fly ash blended concrete with or



without air entraing agent after deterioration that caused by frost and thaw
cycling test was examined. Moreover, new damage technique to make micro
crack within air entrained concrete sample was suggested by means of
compression test. It was found that although fly ash had self-healing potential,
air entrained agent addition in the fly ash concrete sample is advisable because
of the poor frost resistance due to the less air content in fly ash blended concrete
sample. In addition, it was also confirmed that the repeated cyclic loading
technique is useful and efficient way in order to make the crack in the concrete
in comparison to rapid freeze and thaw test, and this method will be able to
apply AE-concrete which has a high frost resistance.

In chapter 4, the self-healing ability of ground granulated blast furnace slag
blended mortar with different replacement ratios and finenesses was explored.
It was confirmed that low fineness, high replacement ratio of ground granulated
blast furnace slag for sand exhibited higher self healing ability with respect to
the compressive, bending strength and accelerated carbonation test. In chapter
5, comparison of self-healing ability of concrete mixture incorporating fly ash
and ground granulated blast furnace slag blended was performed in order to
design more durable self-healing concrete. It was found that self-healing
efficiency can be decreased by increasing the curing age and fly ash blended
concrete sample has a higher self-healing ability in comparison to ground
granulated blast furnace slag blended concrete. In addition, new durability
factor by taking into the consideration of the self-healing effect equation was

suggested.
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