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Fly ash is a residue of pulverized coal after ignition in a coal-fired electrical power plant.
It has been often used in concrete since it enhanced many properties of concrete such as
increasing rheology, reducing heat due to hydration reaction, increasing long-term
strength and increasing durability. However, properties of fly ash extremely vary due to
properties of raw material and burning condition. In order to promote the use of fly ash,
we need to understand effects of fly ash on performance of concrete in micro level. The
objective of this study is to investigate the effect of fly ash on performance of fly ash-
cement paste in both fresh and hardening stage. We need to control and/or predict the
rheology of fly ash cement in fresh stage since the rheology is a result from dispersion
status of particles. The dispersion status of particles will affect to the degree of hydration
and further affect to the microstructure. Furthermore, microstructure is a keyword to
explain mechanical properties and durability of concrete.

In this thesis, the author try to explain the experiment result of fly ash cement paste by
fundamental approach based on the physical and chemical point of view. The scientific
knowledge is applied in the way that it is compatible with engineering application. The
enormous amount of data is used.

In fresh stage, the rheology of fly ash-cement paste is explained by interaction between
particles and physical properties of particles; bulk specific volume. In the fly ash-cement
paste without superplasticizer, the change of rheology of fly ash-cement paste was mainly
influenced by the physical property of fly ash namely the bulk solid volume. In the fly
ash-cement paste superplasticizer, the bulk solid volume of fly ash also affected the
change in flow ability; but the flow ability of paste is mainly governed by the potential
energy barrier between particles. After that, the prediction model is proposed. The
theology of the fly ash-cement paste can be predicted by the sedimental bulk specific
density.

In hardening stage, the method for determination hydration degree and amount of each
compound in fly ash cement paste are proposed and verified. This method is the
combination between selective dissolution and Rietveld analysis. After that, the effect of
mixed proportions and curing condition on the hydration processes are explained. The
results show that as in cement -compounds, C;S is affected by water condition rather than
other compound. In contrast, the hydration of fly ash still increases even without water
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supply from further curing. Moreover, by applied our proposed method, we can estimate
the composition of hydrated gel. The results show that the C/S ratio of fly ash cement
paste tend to decrease as the age increase. We could observe the amount of bonding water
in hydrated gel; the amount of bonding water in hydrated gel per unit weight increase
with time. This phenomenon is considered and used to modify gel/ space model.

In the final part, two prediction models are proposed. First model; modified gel/space
ratio model is used to predict compressive strength of fly ash cement paste. This model is
expressed as a function of hydration of cement and fly ash and amount of free water left.
The second model is used to predict hydration of cement and fly ash. This model is
derived from overall kinetic point of view. By applying these two models, the
compressive strength of fly ash cement paste can be estimated if we know mixed
proportions.
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