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Summary of Doctoral Dissertation

Title of Doctoral Dissertation:

Fundamental study on reactivity of pyroclastic flow deposit called “Shirasu” and its practical methods for
use in construction material

Name: Takayuki Fukunaga

There are several calderas in the South Kyushu, and the eruption is caused respectively in various ages. The
eruption caused a pyroclastic flow from the caldera, and the Shirasu Plateau was formed. Shirasu, the pyroclastic
flow deposit, is deposited 75 billion m® in Kagoshima. Shirasu has many fine grain parts compared to normal soil
and has high water content. Therefore, Shirasu was not used as a construction material. However, due to the
depletion of natural resources, effective use of Shirasu is desired, and various researches are being conducted.
As a result, the Shirasu granule fraction silica and alumina is the main component is an amorphous powder, it
was revealed to have a pozzolanic reaction. Then, Shirasu concrete which was used as a substitute of the fine
aggregate was proposed, and it came to be commercialized. In addition, it was demonstrated that this Shirasu
concrete has excellent performance as a construction material of Shirasu, such as having superior insulation
performance in marine environment. However, there has been no quantitative evaluation of the Pozzolanic
reaction mechanism of Shirasu and the difference in the reaction characteristics of Shirasu due to the difference
in sedimentary areas

From this background, the purpose of this study is to examine the reactivity of the use of Shirasu to the
construction material, and propose a method of utilization to the construction material of Shirasu.

This doctoral dissertation consists of 7 main chapters and the contents of each chapter are briefly explained as
follows;

Chapter 1
Clarifies background and purpose of the dissertation, and shows the composition of the paper.

Chapter 2
This section explains the natural condition of Shirasu deposit. And the latest research works on using Shirasu as
a contraction material. In addition, future tasks are proposed.

Chapter 3

The physical properties of several different types of Shirasu used in this study are clarified by the test.
In order to confirm the pozzolanic reactivity of Shirasu in combination with cement and Shirasu granules, which
are representative of construction materials, a part of cement was substituted with Shirasu to prepare the
specimen. Clarified hydration products and void diameters of prepared specimens, Clarified the mechanism of
hydration reaction with the ingredients in the granule fraction of Shirasu.
As a result, the following conclusions were obtained.

« In the sedimentary environment and age, the mineral composition and the content of the Shirasu are different.
* More than 150 um of particle size in Shirasu, although quartz and plagioclase are contained in a large amount,



on the other hand, the grain size is less than 150um contained a large amount of amorphous and clay
minerals that are weathered by plagioclase.
+ The Pozzolanic reaction of Shirasu is Calcium Silicate Hydrate by Pozzolanic reaction since 91 days of age,
the void amount of 40 ~ 200nm inside the specimen is reduced, the void amount of 6nm ~ 40nm is increased
+ The Pozzolanic reaction of Shirasu is caused by calcium hydroxide in the amorphous and specimen in

Shirasu.
+ The aluminate ferrite hydrates and C-S-H are generated by the reaction of Shirasu and cement hydrate.

Chapter 4
Aims to evaluate the effect of Shirasu substitution on the chloride penetration resistance in OPC paste and

mortar. To evaluate, salt water immersion test has been carried out. In addition, the consistency with concrete
specimens exposed to the ocean for 10 years was examined.
As a result, the following conclusions were obtained.

- The use of Shirasu as admixture improves the fixation capacity of chloride ions in specimens.

« In the cement hardened body mixed with Shirasu, the reaction rate and the reaction rate of Shirasu are promoted
in the brine immersion environment. The reason for this is that the alkali concentration in the pore solution
inside the specimen is increased and the reaction is facilitated by the immersion of brine.

+ Pozzolanic reaction rate increased under saline condition. In addition, it was seen that higher the content of fine
particles in Shirasu, higher the pozzolanic reaction rate and chloride resistance.

+ The insulation performance of the specimen using Shirasu as admixture is determined by the content of the
particle size of less than 150um contained in the Shirasu used as the binder cement and admixture.

Chapter 5

In order to use Shirasu as a ground improvement material, the ground improvement material was fabricated
using waste gypsum, Shirasu, and cement, and the adaptability to the ground improvement material was
evaluated. As a result, the following conclusions were obtained.

+ Clay minerals in Shirasu fix fluorine

+ Clay minerals in Shirasu react with cement and produce ettringite, and this ettringite is fixed to fluorine.

+ By mixing the cement and gypsum with Shirasu containing clay minerals, to obtain the results of the elution
amount of fluorine is reduced.

Chapter 6
Geopolymer mortar is made with Crushed Shirasu as aluminosilicate source, and mixture of NaOH and Na,SiOs

solutions as alkaline activators to study the reactivity of Shirasu in polymerization reaction.
As a result, the following conclusions were obtained.

+ The geopolymer showed that the compressive strength was increased by the reaction of the amorphous part and

clay minerals in the Shirasu.
« In order to use Shirasu as an active filler of geopolymer, it was considered that Shirasu containing granules and

clay minerals was optimal.

Chapter7
The results obtained in each chapter were taken together, and the proposal of the method of utilization to the

construction material of Shirasu was concluded.



