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A fundamental study on the properties of concrete with
Rice-Husk Ash

Hirohito YAMAMICHI

Abstract

Unlike steel and stone, concrete is a comparatively new construction material. Use of this
material in building construction is relatively recent and may have begun less than a century
ago. This century has seen very wide and effective research on this material and the effective-
ness of this material has increased from decade to decade. Among construction materials,
pozzolanic materials such as silica fume, fly ash, slag and natural pozzolan have played an
important role in improving the quality of concrete products in compressive strength and
durability. Among than silica fume is known to exhibit much higher compressive strength and
durability of concrete when used as a cement replacement material. Except for the materials
mentioned above, the use of rice husk ash (RHA) in concrete is under development. Under a
controlled combustion condition the burning of rice husk can yield about 209 ash, containing
89-979 amorphous SiO, and with very high surface area. Recent investigations on the
possible application of the rice husk ash in cement and concrete have been made by many
researches. Maeta Corporation of Japan designed and built a rice husk combustion furnace,
with which RHA with very high pozzolanic activity is produced accompanied by the recovery
of the heat energy from the combustion of rice husk. RHA of high quality and stabilization
had been prepared in a large scale.

This paper systematically presents the strength characteristic and durability of concrete
such as freezing and thawing resistance, carbonation, and water permeability with the addition
of highly active RHA. The effect of RHA on the pore volume, pore distribution of concrete
and Ca(OH), content in concrete as well is investigated. The results are summarized below.

Being with very high activity, RHA have a lager adsorption to water and the hydration of
cement mixing with RHA is promoted. The bleeding and segregation are negligible for all the
mixtures containing high activity RHA. For a given air volume and slump concretes with
RHA addition have a higher requirement of air-entraining agent and superplasticizer.

Besides W/B of 0.75 and 0.80 at the age of 3days, the compressive strength of concrete
incorporating high activity RHA is higher obviously than that of control concrete, irrespective
of RHA content, W/B and the age. The more the replacement of RHA, the higher the
compressive strength of concrete has. The largest compressive strength development ration of
concrete is 70.3% higher than that of control concrete with W/B of 0.45 at the age of 7 days.
The high activity rice husk ash has proved to be more effective to increase the compressive
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strength of concrete at low water-binder ratio. The average pore radius of concrete decreased
with the addition of RHA, especially the portion of the pores greater than 20 nm in radius, the
average pore radius of concrete was evidently decreased instead of the increase in the amount
of small pores. The penetration of water could be improved greatly by adding RHA to
concrete.

The carbonation depth of concrete increased with increasing W/B, increasing RHA content
and increasing the air content. The W/B has an effect on the resistance to the carbonation
than the air content in concrete. Irrespective of the W/B, the Ca(OH), content in the RHA
mortar decreased with increasing amounts of the RHA. The Ca(OH), content of the sample
with 309 RHA was not detected. The reduced content of Ca(OH), can cause reduced
resistance to carbonation because Ca(OH), acts as a buffer on the total carbonation reaction.
The maximum mixing ratio of the highly activity RHA in concrete was limited within 309.

The influence of the replacement of RHA with cement and the air content after hardening
on the resistance of RHA concrete to the freezing and thawing and the bubble structure in RHA
concrete are being studied. With increasing the number of freezing and thawing cycles, the
mass loss of concrete with 10 and 209§ RHA tends to decrease, but the mass loss of concretes
adding with 3096 RHA tends to increase. It shows the freezing and thawing resistance of
concrete replaced with 109§ and 20%RHA to cement is improved. The bubbles in RHA or
silica fume concrete become smaller than that in control concrete. The bubbles and the air
content after hardening in concrete have an obviously effect on the freezing and thawing of
concrete. Concrete has a spacing factor of 300 yum and 4.59 of air content after hardening
above can be used to obtain the effective resistances of RHA or silica-fume concrete to the
freezing and thawing.

Professor (Chairperson) Shuichi SUGITA
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