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Experimental Study on Mixture Proportioning Method and
Performances of Powder-Type Self-Compacting Concrete

Kazuki TOKUHASI

Abstract

Nowadays, the performance required for concrete structures has got more complicated and
diversified. In order to obtain this demand, the development of high-performance concrete,
with either high fluidity and self-compactability to attain rationalized and labor-saving effects
for manufacturing and placing of concrete, or high strength or high durability securing good
serviceability and long service life of concrete structures, is eagerly required.

The research activity, for solving unsettled problems to get the high performance concrete,
is urgently needed. In special, in recent Japan, the early stage deteriorations of concrete
structures have been detected in almost all of the country. The main causes suffering these
deteriorations are recognized resulting from the man-hand placing and the inadequate consoli-
dation in the concrete execution. Therefore, the strong concern on the development of high
performance concrete with high fluidity and little segregation, has come to be paid.

From ahove social and technical requirements, the concept of self-compacting concrete
without necessity for consolidation, was proposed by professor Okamura at Tokyo University
who firstly developed the proto-type self-compacting concrete 1988. After many practical
applications, “Recommendation for Self-Compacting Concrete” was published by JSCE in 1998.
In the recommendation, the term “self compacting concrete” is defined as high fluidity concrete
without impairing the resistibility to segregation in fresh state.

The proper resistance for segregation of powder-type self-compacting concrete and high
fluidity are exhibited by powder materials like mineral admixtures and high range water
reducing agent, respectively. However, rationalized mixture proportioning method of
powder- type self-compacting concrete has not yet been achieved, because of the variety in
type and plenty of combinations of constituent materials. In addition to it, the concept of
mixture proportioning based on durability but self-compactability has not been accepted,
though the susceptibility to frost damage is the very important subject due to the possible
existence of rough and large air bubbles entrapped in mixing operation.

From these back grounds, first of all, the study aimed at the clarification of performances
of powder-type self-compacting concrete. Those are characteristics in mixture proportioning
and durability, varying dependent on the combination of various constituent materials contain-
ing industrial by-products, the procedure and method for production, and the type and amount
of powder adopted, and so on. Second, the study also aimed at the proposal of rationalized
mixture proportioning method of powder ~type self-compacting concrete, based on the mecha-
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nism governing the self-compactability. In the doctorial thesis, these results were described in
the following six chapters.

In chapter 1 “Introduction”, the state-of-the-art of the research and technical development
on self-compacting concrete was stated, and the prospect of new source of materials promising
for self-compacting concrete was also referred.

In chapter 2 “Self-Compactability of Powder-Type Self-Compacting Concrete”, the self
~compactability of powder-type high fluidity concrete was described. The characteristics of
mixture proportioning of the concretes, having new source of aggregates such as slag fine
aggregates of industrial by-products discharged in the refinery process of metals, including
inexperienced crushed sands and different type of mineral fine powders with different level of
specific surface area, were investigated. Results showed that there existed some cases show-
ing not conforming to target range or regulated values in JSCE recomenndations such as
absolute volume of powder, water to powder volume ratio and absolute volume of coarse
aggregates. Therefore, some target ranges in the recommendation were judged to be necessar-
ily extended when new types of materials were adopted.

In chapter 3 “Fresh Properties of Powder-Type Self-Compacting Concrete”, the perfor-
mances of freshly mixed powder-type self-compacting concrete such as properties for setting
and bleeding were investigated. In addition, the rheological constants of plastic viscosity and
yielding value were discussed when the Bingham fluid was adapted for the concrete flow. The
viscosity and yielding values of concretes with copper slag and blast-furnace slag fine aggre-
gates lowered with the increase of volume fraction of slag. It was also made clear that there
showed little bleeding water and that the setting properties greatly changed depending on the
type of slag fine aggregates.

In chapter 4 “Hardened Properties of Powder-Type Self-Compacting Concrete”, the
properties of hardened concretes such as mechanical properties, autogeneous and drying
shrinkage properties, water tightness, neutralization and freezing and thawing resistance. In
special, the freezing and thawing resistance of powder-type self-compacting concrete was
confirmed being lowered with the increase of volume fraction of slag fine aggregates mixed to
normal fine aggregates. It was made clear that this deterioration was due to the possibly
easier formation of many entrapped large air bubbles in the process of mixing of concrete.
Conclusively, the required amount of air and spacing factor were recognized appropriate for
59 and less than 300 um, respectively, in order to attain satisfactory frost resistance of
powder-type self-compacting concrete.

In chapter 5 “Mixture Proportioning Method for Powder-Type Self-Compacting Con-
crete”, the mixture proportining method of powder-type self-compacting concrete was discus-
sed from the results previously investigated. The mechanism to attain self-compactability of
powder-type self-compacting concrete was clarified to be surely governed by the difference of
density between mortar and coarse aggregates. The absolute volume of coarse aggregates and
water powder volume ratio, which were considered as key factors for mixture proportioning,
could be estimated from it. ‘The new mixture proportioning method, based on the difference
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of density between them, was proposed.

In chapter 6 “Conclusions”, the conclusion was adressed summarizing previously investigat-
ed results on powder-type self-compacting concrete.

Professor (Chairperson) Masami SHOYA
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