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Improvement of Self-Compacting Performance of Fresh Concrete with Viscosity
Modifying Agent by Mixing with Carbonated Water and Entrainment of Microbubbles

Renta Sokabe
ABSTRACT

Self-Compacting Concrete (SCC), which does not require vibratory compaction when placed in the
formwork, was developed in 1988, but even after more than 30 years, self-compacting concrete is still
not widely used. To give self-compacting performance to fresh concrete, it is necessary to increase the
amount of cement to increase its viscosity and pore-passing performance, and to add a high-
performance AE water reducer to disperse the cement and increase its softness. This requires the use
of about twice the amount of powder (cement, etc.) as ordinary concrete, resulting in high costs. In
this situation, one of the effective ways to make self-compacting concrete more widely used is to
reduce the amount of cement while maintaining its self-compacting performance.

The objective of this study is to improve the self-compacting performance of fresh concrete by
combining the combination of thickener (VMA) addition and microbubbles, both of which have been
verified to be effective, with a new technology of carbonated water mixing, where the effects of each
are demonstrated without any problems.

The effects of air entrained with carbonated water on the viscosity and internal friction of the fresh
mortar were investigated. Next, the effect of carbonated water kneading on the quality and quantity of
the continuous air was investigated. For the mortar mixing, a split mixing method was employed,
which was found from preliminary experiments to be suitable for reproducing the mortar in concrete.
Viscosity, defined collectively as viscosity, in-plane adhesion, and out-of-plane adhesion, was
improved by mixing with carbonated water, and it was confirmed that air bubble coupling did not
reduce the viscosity. Although carbonated water mixing enables an appropriate amount of air
entrainment without the use of AE agent, it was found that the conventional air entrainment method
with the addition of AE agent is suitable from the viewpoint of providing high self-compacting
performance. From the measurement of bubble size distribution, it was found that the carbonated water
mixing may be advantageous for the miniaturization of air bubbles, i.e., for the self-compacting
performance. Furthermore, the addition of the continuous bubbles to the carbonated water-mixed
mortar improved the viscosity of the mortar while suppressing the increase in internal friction.

Finally, the effect of improved self-compacting performance was confirmed through verification
experiments using concrete mixing. Fresh concrete exhibited higher self-compacting height with less
air than tap water mixing. We obtained the possibility of improving the self-compacting performance
by the combination of carbonated water mixing and the continuous flow of microbubbles. This was
supported by the viscosity improvement and internal friction suppression confirmed by mortar tests
taken from concrete.

As described above, the self-compacting performance level of fresh concrete could be improved by
mixing with carbonated water in addition to the existing thickener addition and air bubble circulation.
Once the technology for adjusting the air volume is established, the prospect of completing the initial
goal of general-purpose self-compacting concrete can be said to have been achieved.
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