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Abstract

The aims of this dissertation are to investigate the effect of particle size and shape of fly
ash and insoluble material on pore structure and air permeability of hardened blended
cement paste. The mix proportions of paste used in this study were designed in 2 series.
In series 1, a constant water to binder ratio (w/b) of 0.35 was used. Fly ash from Mae
Moh power plant was classified in two different finenesses. Ashes at the original
fineness and at 0-45 microns fineness were used to replace Portland cement at the rate
of 0, 20, and 40 percent by weight of binder. The compressive strength, pore structure,
and microstructure of hardened pastes were tested at the ages of 7, 28, 60 and 90 days.
In series 2, two types of pastes were used; pastes with a constant water to binder ratio
(w/b) of 0.35 and pastes kept at a constant normal consistency by adjusting the quantity
of mixing water. Fly ashes from 2 sources (Mae Moh and COCO power plants) were
classified in three different finenesses, original, 0-45, and 0-10 microns. An insoluble
material (river sand) was ground with a ball mill to have particle size distributions close
to those of the fly ash. The ground sand was used to replace Portland cement at the rate
of 0, 20, and 40 percent by weight of binder. Air permeability and porosity by helium of
hardened pastes containing fly ash and insoluble material (ground river sand) were
determined at the ages of 28 and 90 days.

The test results in series 1 indicated that classified fly ash produced paste with higher
compressive strength than original fly ash. The replacement of Portland cement by
original fly ash increased the porosity but decreased the average pore size of the paste.
The measured gel porosity (5.7-10 nm) increased with an increase in the fly ash content.
The incorporation of classified fly ash decreased the porosity and average pore size of
the paste as compared to original fly ash. The total porosity and capillary porosity
decreased while the gel porosity increased as a result of the addition of finer fly ash, at
all replacement levels. The cement paste blended with classified fly ash was more
effective in reducing the intensity of Ca(OH), than that blended with the original fly
ash.

In series 2, the porosity of fly ash pastes increased with an increase in the replacement
of fly ash and the porosity of paste containing finer fly ash was significantly lower than
that with coarser fly ash, at all replacements and ages. The air permeability of fly ash
pastes decreased as the percentage replacement and the fineness of fly ash increased.
The porosity and air permeability of COCO fly ash pastes were higher than those of
Mae Moh fly ash paste. This is because COCO fly ash has irregular shape, high
porosity, and higher content of crystalline phase than Mae Moh fly ash. This results in



lower pozzolanic reaction of COCO fly ash as compared to Mae Moh fly ash with the
same particle size.

The paste with finer ground river sand showed lower porosity than that with the coarser
sand. Comparing ground river sand and Mae Moh fly ash at the same size and same
replacement, it was found that the porosity of ground river sand paste was higher than
that of Mae Moh fly ash paste. The explanation for this is that Mae Moh fly ash can
decrease porosity from both pozzolanic reaction and the packing effect, while ground
river sand can decrease porosity only through the packing effect of small particle size.
This leads to the air permeability of Mae Moh fly ash pastes being lower than that of
ground river sand pastes.

Keywords : Fineness / Fly Ash / Compressive Strength / Porosity / Air Permeability /
Blended Cement Paste
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