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Material Properties and Shear Behaviour of Clinker Ash

FALIRICE H

K A WINTER Michael James

Clinker ash is formed from coal ash in coal-fired power stations. Although initially deemed as a waste
byproduct, it has come to be used as a ground material in place of natural soil. However, research into-the
properties and behaviour of clinker ash is relatively little compared to that of natural soils, and as such
this research hopes to shed light on the various material properties of clinker ash along with investigation
into the shear behaviour in order to evaluate the validity of the use of clinker ash as a ground material.
The properties of clinker ash vary in samples taken from different power plants, and even from the same
_power plant the properties of the clinker ash can vary over time. This is due to various factors, including
how long and at what depth the original coal was in the ground, the vegetation on the ground surrounding
the coal and also the process of incineration and formation process of the clinker ash. Therefore, in order
to have a better grasp on the properties and characteristics of clinker ash, samples from 6 power plants in
western Japan were investigated and compared. From this, it was possible to see how differences in
material properties of the coal ash affected the shear behaviour of the samples.

Chapter 1  lIntroduction)

In Chapter 1, a brief introduction is given of clinker ash and its process of generation. Attention is
paid to the large amount of coal being used as an energy, which in turn leads to a large amount of coal ash
being produced. As this amount increases, it becomes more difficult to store or dispose of and hence there
is an importance for alternatives uses of it to be found. Laws and regulations regarding the handling of
clinker ash are looked into, and it is noted that ever increasing and stricter laws relating to the
environment and waste disposal also intensify the need to reduce the disposal of waste byproducts such as
clinker ash. As noted, the properties and characteristics of clinker ash vary from sample to sample, and
therefore it is important to investigate various samples, as results from one sample cannot be applied to all
others. In the literature review, previous research regarding clinker ash is investigated, and this allows for
a range of results to be found, through which the overall properties of clinker ash samples can be better
understood. It is noted that the exceptionally low levels of heavy metals present in clinker ash mean that it
is environmentally safe to use as a ground material. .

Chapter 2 [Material properties of clinker ash

In Chapter 2, the material properties of the 6 clinker ash samples used in this research are
investigated, including particle density, particle distribution and the compaction and permeability
characteristics. Particular attention is paid to the particle shape and strength. Due to the formation process
of clinker ash, the particles have very complex shapes and are mostly sharp and angular. Compared with
natural sands, it is found that the strength of individual particles is much lower for clinker ash, which is a
crushable material. However, the rough, angular shapes of the clinker ash particles provide benefits to the
shear strength characteristics, mentioned later, regardless of the lower crushing strength.




Chapter 3  [Static shear characteristics of clinker ash]

For evaluation of the static shear characteristics of clinker ash, a wide range of experiments were
performed under a wide range of test conditions, using some or all of the samples of clinker ash in order
to obtain a large pool of experimental data. In Chapter 3, monotonic shear strength is investigated through
the use of a triaxial compression shear test machine, with tests performed under various degrees of
compaction and confining pressures in order to also investigate the influence of those parameters on the
shear behaviour of the clinker ash. It was found that the clinker ash samples have high shear strength
which greatly increases with increased density of the specimens. Also, compared with the commonly used
fill material Ube Masado, clinker ash displays higher shear strength. An equation is also proposed which
can estimate the peak strength of clinker ash samples under various densities and confining pressures.
Chapter 4 [Dynamic shear characteristics] _

In Chapter 4, cyclic shear behaviour is investigated through liquefaction tests and dynamic
deformation tests. It was found that clinker ash has high liquefaction resistance which again increases
greatly with increased degree of compaction. The results gained from these tests are investigated along
with the material properties in order to find relationships and it was found that the particle strength and
shape have considerable influence on the shear behaviour. The initial shear modulus of the samples was
investigated through use of bender elements. Again tests were performed under various degrees of
compaction and confining pressures, and it was found that the results for clinker ash were slightly lower
than those of the natural sand Toyoura. |
Chapter 5 [Summary and conclusions

In Chapter 5, a summary of the research presented in this thesis is given, along with conclusions
obtained. The viability for clinker ash as a ground material is evaluated along with proposals for possible
future research.
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