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Summary of Doctoral Dissertation

Title of Doctoral Dissertation:
Fundamental Study on Quality Improvement of Concrete

by Using Artificial Pozzolan Based on Metakaolin

Name: Eguchi Kohei

Recently, increase in industrial waste due to human activity which causes destruction of environment
has been a concern. Therefore construction industry is strongly recommended to use industrial waste,
such as blast furnace slag (here in after called “GGBS”) and fly ash (here in after called “FA”) more
effectively to reduce industrial waste. Previous research reported that GGBS concrete or FA concrete
has high resistance to chloride attack, chemical erosion and other deteriorations. However, blended
concretes have some disadvantages compared to ordinary Portland cement concrete, like lower initial
strength and higher dry shrinkage. Therefore, for wider use of GGBS and FA, it is necessary to avoid
such problems. On the other hand, in order to solve those problems, firstly, blast furnace fume (here in
after called “BFF”) was examined. BFF is obtained by collecting the gas discharged from small blast
furnaces in China. It has pozzolanic reactivity that can be expected to generate Calcium Silicate
Hydrates and Calcium Aluminate Hydrates by its rapid reaction with Ca(OH)2 present in concrete in
early age. According to previous experimental results, it is possible to improve not only the initial
strength but also resistance against chloride penetration of GGBS concrete by adding BFF. However,
continuous produce of BBF cannot be expected anymore, because of reduction of the gas emissions
from the blast furnaces in China due to recent modernization of the system.

Recently, as an alternative material to BFF, an artificial pozzolanic material made of coal mines and
coal ash, etc. has been developed having similar characteristic with BFF. This material is called
Artificial Pozzolan Based on Metakaolin (here in after called “MKP”).

The present research aims at confirming the effect of improvement in physical and chemical properties
of GGBS concrete and FA concrete, such as compressive strength, drying shrinkage, and resistance
against neutralization, chloride ingress and chemical erosion, by using MKP.

This doctoral dissertation consists of 8 main chapters and the contents of each chapter are briefly
explained as follows;

Chapter 1 includes the general background and objective of the study. Composition of the dissertation
is also described here.

Chapter 2, explains the manufacturing method, physical property and chemical composition of MKP.
In addition, this chapter presents the advantages and disadvantages of concrete using FA and GGBS.

Chapter 3, Compressive strength test was carried out to select optimum replacement ratio of MKP by
focusing on compressive strength which is a parameter representative of concrete quality. As a result,



followings were obtained.
+ By replacing optimum ratio of binder with MKP, initial strength of GGBS concrete can be improved,
maintaining the long term strength as same level with GGBS concrete.

+ In the case of FA concrete using MKP, initial and long term strength was lower. This is because;
MKP and FA both have pozzolanic reactions, which results in insufficient amount of calcium available
for reaction.

In chapter 4 presents the confirmation of effect of improvement in dry shrinkage property of concrete
using MKP, which using MKP aims to be denser. As a result, followings were obtained.

+ Drying shrinkage of concrete can be reduced by using MKP, due to early pozzolanic reaction and
latent hydraulicity by MKP in concrete. Especially, in case of GGBS concrete using MKP,
dry-shrinkage reduces to same level as ordinary Portland cement concrete.

In the chapter 5, accelerate test for confirming durability of concrete using MKP such as salt attack,
neutralization and rebar corrosion, which simulate coastal environment is discussed. In addition, it was
also confirmed that changing the initial curing period and mixing ratio of the binder affected durability.
Following results were obtained from experiments;

« Concrete mixed with MKP can improve resistance to salt attack.

« It should be considered that MKP concrete may be affected easily by neutralization. this is because of
reduction in cement amount in addition to reduction of calcium hydroxide due to pozzolanic
reaction.

- If the neutralization and salt damage were combined, there is a possibility that fixed salt which has
been concentrated in the surface layer portion by the neutralization is moved to the inside, thereby,
anti corrosion effect of the concrete is reduced.

* Resistance to neutralization can be recovered by extending curing period which makes more dense
condition in concrete.

In Chapter 6, durability test in actual marine environment in reference to results of the neutralization
and salt attack in Chapter 5 is presented. Concretes are made with three component cement mixed with
MKP, GGBS or FA and ordinary cement. Specimens are examined for rebar corrosion protection and
chloride penetration in the actual environment. Following results were obtained.

« It is not as pronounced as in the case of accelerated test, but neutralization resistance is inferior in

marine environment.

+ By mixing MKP, chloride ion penetration resistance is improved greatly.

+ When GGBS concrete is made with MKP, since the proportion of cement in the binder is reduced, it

has risk of corrosion for slight penetration of chloride ion.

Chapter 7. In order to examine the applicability of blended concrete in acidic zone seen in hot spring
environments or sewerage, MKP is used in making mortar specimens with varying initial curing
conditions and mix proportion and immersed in sulphate. The resistance against sulphate attack and the
reaction mechanism has been analyzed. From the experimental results,

- itis confirmed that it is possible to improve the sulfate resistance of GGBS cement by mixing MKP.

Chapter 8 includes the general conclusions of this study and recommendations and scope for further
study.



