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Fly ash is one of the pozzolanic materials which has been widely used to effectively improve the various properties
of concrete. The reaction between pozzolan and calcium hydroxide is referred to as the pozzolanic reaction. The
product of the pozzolanic reaction, calcium silicate hydrates (C-S-H), is highly efficient in filling up large capillary
spaces due to its lower density which is lower than that of C-S-H produced from the reaction of Portland cement
and water. Thus, it improves the strength and impermeability of cement-based materials.

The term for curing of concrete stands for procedures devoted to hydration reaction of cement and pozzolanic
reaction of the fly ash, consisting of control of time, temperature, and humidity conditions. Several studies have
undergone to understand the influence of curing on the compressive strength of the fly ash concrete. In addition,
it has been reported that the fly ash concrete is more sensitive to curing conditions and requires a longer curing
period than that required by OPC concrete. However, the mechanism on the effect of curing conditions on the
strength development is yet to be ascertained. Due to their hydration characteristic, both pozzolanic reaction and
the reaction of Portland cement require water to complete their reaction. The prevention of rapid and excessive
loss of water occurring during the evaporation process in the early age is necessary for the adequacy of water for
the slower pozzolanic process.

The objective of this research is threefold: Firstly, the existing prediction model of strength development is applied
to hardened pastes cured at different temperature and relative humidity curing conditions. Next, the effect of curing
conditions on individual hydration degree of cement and fly ash in the fly ash-cement paste is quantified by the
X-ray diffraction-Rietveld analysis and selective dissolution analysis, respectively. The prediction model that
characterizes the temperature and relative humidity influences on hydration of both Portland cement and fly ash is
developed based on the Arrhenius equation. Finally, the modified gel/space ratio theory was proposed to enhance
the prediction model of strength development and verified by taking into account the difference in the density of
C-S-H with fly ash addition, curing temperature, and curing relative humidity.

The major findings of this thesis are summarized as follows.

Chapter 1 provides the general introduction and objectives of the research.

Chapter 2 describes the effect of curing temperatures on compressive strength dcvelopment of the fly ash cement
pastes. Experimental results show that the fly ash replacement decreases the early age strength, but increases the
long-term compressive strength. Furthermore, in the case of OPC paste, an elevation of the curing temperature
improves the early age strength development; however it reduces the long-term compressive strength compared
to the reference pastes cured at 20 °C. In contrast, fly ash has no detrimental effect on the long-term compressive

- 110 —



strength of pastes cured at high temperatures. The existing strength development model is applied to mathemat-
ically quantify the effect of the curing temperature on the compressive strength of the fly ash-cement paste. The
analysis result reveals that the prediction model based on Arrhenius law can properly estimate the compressive
strength. The apparent activation energy increases with a replacement ratio of fly ash.

Chapter 3 describes the effect of curing conditions on compressive strength development of the fly ash cement
paste. The replacement of fly ash has no significant differences on the strength development of specimens cured
in water, in sealed curing and in moist curing at a relative humidity of 95%. In contrast, for the sealed curing, the
compressive strength of the cement paste did not yet reach the maximum at the age of 28 days and progressively
approaches that cured in water at 56 days. Moreover, when the pastes are exposed to a relative humidity below
80%, regardless of the replacement ratio of fly ash, the compressive strength of paste slowly develops, in particular
pastes exposed to a relative humidity of 60% is barely increased after 7days. The previous proposed strength
development model is also applied to quantify the effect of relative humidity on the compressive strength of the
fly ash-cement paste. The results show that the model can forecast the effect of temperature on the compressive
strength development properly, but insufficiently estimates the compressive strength of paste cured at low relative
humidity.

Chapter 4 describes the effect of curing temperatures on the hydration reaction of fly ash cement pastes with
different fly ash replacement ratios and curing temperatures. An addition of fly ash accelerates the degree of
hydration of Portland cement and the apparent activation energy is a function of a replacement ratio of fly ash. It
is confirmed that the prediction model based on the Arrhenius equation can characterize the temperature sensitivity
of the hydration for both Portland cement and fly ash.

Chapter 5 describes the influence of different curing methods such as water curing, sealing and moist curing
in which the temperature is the same while ambient and internal relative humidity changed on the hydration of
cement, and pozzolanic reaction of fly ash. The results obtained from pastes cured at 20 °C show that there are no
significant differences in the degree of hydration of Portland cement in pastes cured at ambient relative humidity
above 95%. However, the degree of hydration of cement is seen to decrease with a reduction in ambient relative
humidity when the pastes are exposed to ambient relative humidity levels below 80%. The same tendency can be
seen in the pastes both with and without fly ash. A reduction of ambient relative humidity significantly prevents
the hydration reaction of Portland cement, particularly C2S and C4AF. On the other hand, a variation of ambient
relative humidity has a small influence on the hydration reaction of C3S and C3A. The results show that the
degree of hydrations of cement and fly ash are linearly decreased with a reduction in the internal relative humidity.
Therefore, the prediction model was proposed by taking into account this effect and properly used to predict both
the degree of hydration of cement and that of fly ash.

Chapter 6 describes the modified gel/space ratio for predicting the strength development of pastes by means of
hydration progress. By taking into account the difference in the density of C-S-H, the model based on gel/space
ratio theory shows a promising application in expressing the progress of hydration as a function of both with
curing temperatures and fly ash additions. Since the C-S-H gel shrinks by the drying, the modified gel/space
ratio model with high accuracy is proposed as a prediction model for the compressive strength development and
experimentally verified.

Finally, the significant findings in this research are summarized in Chapter 7, along with recommendations for
future research. The modified gel/space ratio model is enhanced analytically and verified experimentally. As
of the future plan, it is necessary to extend this model to predict the compressive strength of pastes cured at
any ambient environment such as a combination of temperature and relative humidity. Since the properties of
aggregate and interface between aggregate and paste also influence the strength development of concrete as well
as paste matrix, characteristics of aggregates and interfacial zone should take into consideration.
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