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Recently in Japan, many structures, which were built in the rapid economic growth period during 1955 to 1973, under serious
conditions and deteriorated. They have to be demolished soon. Especially on these structures which are constructed near seaor in
the coastal environment, earlier progress of the deterioration due to chloride attack made their endurance fal off and urgent
repair is required. On the other hand, a project to extend the life of new structures under such severe environment is also
currently in progress. However, the techniques which are put to practical use for repair of existing structures or extension of
service life of newly constructed ones in the chloride attack environment have not been familiarized to the public because of its
cost and technical problems, except for important structures. Therefore, in the future, extending the life of the concrete structure
in large scale and a wide variety of applications is important. The development of a new technology that combines low cost and
simple workability is necessary as soon as possible.

In this situation, as a countermeasure method to reduce the damage from the chloride attack with the low cost performance, a
mineral admixture based on CaO 2Al,03, akind of calcium aluminate(herein-after-called as * CA2' ) is newly developed. The
admixture reacts with calcium hydroxide in cement and produces Hydro-calumite (herein-after-called as “HC”) when it is mixed
in concrete HC is expected to have two important functions for protecting the chloride attack; one of which is to combine with
chloride ionsin concrete to produce Friedel’ s salt and another is to make concrete more dense condition by filling effect in pores.

This means that, by replacing CA2 with cement before making concrete, would increase the resistance of concrete to chloride
attack. However, so far, performance evaluation of concrete with CA2 has not been done and remains unclear in terms of strength
and durability characteristics.

Therefore, resistance to chloride attack, such as anti-corrosion effect and the effect of immobilization of chloride ions of
concrete where cement is replaced partially by CA2 is studied. The concrete with CA2 is also examined by exposure test in
marine environment, and other properties like carbonation and strength properties are also examined for the exposed concrete in
marine environment. The replacement ratio of CA2 in the binder was varied to know the most effective replacement level.

This study aims to evaluate the performance of concrete mixed with CA2 comprehensively including cost performance.
This doctoral dissertation consists of 8 main chapters and the content of each chapter are briefly explained as follows.

Chapter 1 includes the general background such as specific influence of Japan’s geographical features and objective for this
study.

Chapter 2 indicate that further methods to chloride attack for concrete structures and problems or usability regarding to these
methods. In addition, the latest research works on CA2 such as basic physical property and chemical composition are
summarized.

Chapter 3, for evaluating mechanical characteristic of concrete containing CA2, a strength test and drying shrinkage test are
carried out and following results are obtained.
Concrete using CA2 can not be observed the decrease in initial strength which is often observed concrete using ground
granulated blast-furnace slag and fly ash. However, the decrease in strength is generated compared with plain concrete in
long span.



Modules of static elasticity with concrete containing CA2 is smaller than plain concrete one and easy to be affected by
drying shrinkage. Therefore, bonding strength can be guessed as small even though concrete become denser by
hydrocalumite.

Chapter 4, To evaluate anti-corrosion effect and the effect of immobilization of chloride ions of concrete where cement is
replaced partially by CA2 , the exposure test in marine environment and accelerated test are carried out and following results are
obtained.

In accordance with the increase in the substitution ratio of CA2 , anti-corrosion effect is increased compared with plane
concrete.
In accordance with the increase in the substitution ratio of CA2 , theincrease in fix ability is observed.

Chapter 5, chloride attack is facilitated because salt content in concrete is dissociated when concrete is affected by
neutralization. To evaluate resistance of concrete where cement is replaced partially by CA2 which is guessed that it has high fix
ability, accelerated carbonation test is carried out to measure the depth of neutralization and following result is obtained.

Because of the maximum substitution ratio is 9% in this study which is guessed as low, the depth of neutralization is similar
to plane concrete. In addition, the neutralization is restrained compared with concrete using fly ash or ground granulated
blast-furnace slag.

Chapter 6, CA2 which is discriminated as one of the calclum aluminates can be guessed it has low resistance against sulfate
because sulfate is contained in seawater. Therefore, to evaluate the resistance against sulfate, immersion test is carried out by
using wet screening mortar and Na2S04 solution. Following result is obtained from the test.

In accordance with the increase in the substitution ratio of CA2 , the expansion of concrete is increased largely because
gypsum dehydrate is generated and monosulphate is transformed into ettringite because of the react between sulphate ion
and CA2.

Chapter 7, To evaluate the influence of actual marine environment, the exposure test in marine environment is carried out by
using reinforced- concrete where cement is replaced partially by CA2 and following result is obtained.
In accordance with the increase in the substitution ratio of CA2 , the span where corrosion of steel starts can be extended.(i.e.
Possibility of extending the incubation period is suggested.)

Chapter 8 includes the general conclusions of this study.



