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Rapid depletion of fossil fuels will surely lead to
shortage of end-use energy supply if no actions are
taken. Energy consumption level of commercial and
residential sector is growing larger and larger and
increasing at a much faster rate than that of the other
sectors. Thus, taking effective actions focusing on the
commercial and residential sector brooks no delay.

Two main points of view for the effective actions are
to increase efficiency in both conversion and transport
of energy and to use alternative sources of energy. To
increase central electric power plants utilizing
renewable energy such as geothermal energy, wind
energy, etc. instead of additional conventional electric
power plants is considered, however, construction of
these plants usually takes many years and they can
not utilize exhaust heat in the energy conversion
process. On the other hand, distributed energy
resource (DER) devices such as photovoltaics, solar
hot water panels, a fuel cell, etc, can be easily
installed in on-site buildings and energy cascading
utilization is expected in the DER devices.

Accordingly, this research aims for proposing a
method to integrate the DER devices and determining
the optimal combination with installed capacities, and
for clarifying the reduction effects of energy
consumption and expenses in residential buildings
through case studies by a numerical simulation.

This dissertation consists of six chapters. The
chapter outlines are described as follows:

In Chapter 1, general background of today’s
situation of dramatically rising energy consumption is
revealed. The previous researches on combination and
optimization of the DER devices are presented, the
objectives of this research is given, and the structure
of this dissertation is illustrated.

In Chapter 2, in order to show how the ‘Kang’,
which is a Chinese traditional heating system using

surplus exhaust heat (smoke) from cooking, use

energy in an efficient way and improve indoor thermal
environment, thermal processes of building with the
Kang are described, the mathematical models are
built, and results of the field tests and simulations are
analyzed. Through the works of this chapter, the
success and persistence of the Kang inspires me with
this kind of idea as using one kind of energy in two
ways to make efficient use of energy in modern energy
systems. '

In Chapter 3, dynamic models of photovoltaics,
solar hot water panels and a fuel cell as three kinds of
DER device are built on the basis of their working
Especially, the model of
photovoltaics with effects of ambient temperature and

principles. dynamic
that of solar hot water panels with effects of collector’s
heating loss are originally developed. The electric
power and/or hot water generation capacity and
efficiency of these devices are analyzed, and the device
respectively demonstrates a relatively, high efficiency
in generating energy for residential use. This chapter
provides the mathematical models for integration of
the devices in the next chapter.

In Chapter 4, the DER device’s models, which are
built in the previous chapter, are integrated as an
overall system with the operation strategies for the
generation of electric power and hot water. The
simulation program of the overall system with the
DER devices installed to a typical residential building
located in Fukuoka City are newly developed; and the
standard weather data, the municipal water
temperature data, the electric power and hot water
loads calculated by another existing simulation
program are collected as the input data of the system
simulation developed. Finally, four patterns of
combination of the selected DER devices are
respectively analyzed. The reduction effects of energy
consumption are compared, and the reasonable
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results show that the integration method of the DER
devices is validated. As a result of the case study, the
total energy reduction is 77Gd/year when the 5.8kW
PV panels are used and it increases to 88Gd/year by
the combination with a typical SOFC.

In Chapter 5, a genetic algorithm is applied to
optimize the installed capacities of the- DER devices.
As a result, the optimum combination of the DER
devices for energy reduction is 30 modules of
photovoltaic panel, a fuel cell with a capacity of 740W
with the hot water tank volume of 200L. In this case,
about 57% of energy consumption can be reduced and
7,714kWh of surplus yearly amount of electric power
can be obtained. The optimum combination for cost
economization change to 28 modules of photovoltaic
panel and a solar hot water panel with 8 tubes and
the tank volume of 150L in the initial ten years. In the
subsequent ten years, a fuel cell with a capacity of
630W with the hot water tank volume of 170L is
additionally installed to the system because the unit
price would be decreased. In this case, about 16% of
the life cycle cost for 20 years can be saved.

In Chapter 6, summary of this dissertation is given,
and scope for further work is described. The
methodology proposed in this dissertation is validated
" to reduce considerable quantity of residential energy
consumption and expenses.  The results of this
research can help residents reform their existing DER
devices, assist developers to equip the newly
completed buildings with optimal DER devices, and

also support designers in designing the hardware of

newer types of DER devices.
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There is high stock of existing buildings including
historical and cultural monuments around world
constructed with unreinforced masonry (URM). In
recent earthquakes, it has been proved that many of
URM structures, such as ordinary houses, schools and
so far, are highly vulnerable and as a result there is a
serious need for proposing appropriate seismic
retrofitting techniques for them.

This thesis focuses on the in-plane retrofitting of the
URM walls. Improvement of the in-plane behavior of
URM walls by means of the external application of
engineered cementitious composite (ECC) and aramid
fiber reinforced polymer (AFRP) was investigated in
this research. This dissertation was organized in
seven chapters.

A general overview on masonry buildings, types of
construction and their seismic response are reviewed
in Chapter 1. Also, the main vulnerability resources of
these structures are discussed. Based on the
earthquake experiences, inadequate in-plane and

out-of-plane responses of the load bearing walls are
mainly responsible for partial damage and total
collapse of URM structures. In this study, the in-plane
behavior of URM walls was investigated.

The structural characteristics of URM walls such as
compressive, shear, tensile and biaxial behaviors are
discussed in Chapter 2. Tension softening, cyclic
behavior and the failure criterion of URM walls are
described as well. Also, in-plane failure modes of URM
wall are explained.

An extensive comparative study was conducted on
the existing URM retrofit strategies. The comparison
process and results are described in Chapter 3. It was
revealed that the surface treatment is the most
method from both applicability and
cost-performance viewpoints in the case that the

suitable

covering of the wall surface is acceptable due to
architectural reasons. Also, it was found out that
materials with high deformation and tensile capacity
exhibit better in-plane performance in terms of shear
strength and deformability. Retrofitting of URM wall
with ECC as a new composite material was
considered in this research work. ECC is a
cement-based  composite  material with a
strain-hardening tensile behavior with an excellent
capability to control the width of crack. Improving the
low tensile strength, strain-softening and brittle
behavior of URM walls with such a ductile
strain-hardening material was the main motivation of
this research part. Also, AFRP sheet along with
confining band system was applied to URM walls as
another retrofit solution. As it has been reported in
several research works, pre-mature debonding of FRP
from substrate limits its efficiency. In present study, in
order to eliminate this undesirable behavior, confining
bands were utilized.

Since numerical analysis was conducted on the
retrofitted masonry wall in this study, the available
modeling strategies of URM are discussed in Chapter
4. This chapter was organized in two parts such as
modeling of unreinforced and retrofitted masonry
walls. The simple micro-model technique was
employed for URM in the research. In case of retrofit
modeling, new models for ECC and AFRP retrofitting
methods were adopted and proposed. These models
are also introduced in Chapter 4.

Chapter 5 deals with the conducted experimental
program. The tests were conducted on the ECC and
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AFRP retrofitted masonry wall specimens. The
performance of each retrofit method was evaluated
based on the comparison between the results of tests
on bare and retrofitted URM specimens in terms of
load resistance and deformability. Experiments
conducted on the ECC retrofitted masonry showed
that the shear resistance of URM was improved by an
average factor of 3 per 10 mm retrofit overlay. Also, a
significant enhancement in the deformation capacity
by an average factor of 30 was observed in this retrofit
method. In case of AFRP retrofitting, the shear
capacity was increased by an average factor of 1.5.
Also, the deformability of AFRP retrofitted masonry
was obtained as about 5 times of URM. Moreover, the
pre-mature debonding behavior of AFRP sheet was
successfully controlled by the confining band system
and lead to a more deformability.

Analytical studies on the retrofitted mésonry with
ECC and AFRP are described in Chapter 6. A simple
shear model was introduced for ECC retrofitting
which its results were in good agreement with
experimental data. Efficient strain approach was
adopted for URM and the contribution of confining
band system to the efficient strain of the AFRP sheet
was evaluated. It was found out that the efficiency

factor of confining is inversely proportional to the

axial rigidity of AFRP sheet. Employing simple
micro-model approach, numerical FEM analysis was
conducted on the ECC and AFRP retrofitted
specimens. An elasto-plastic material model adopted
for numerical model of ECC retrofitting. A good
agreement was found out between the analytical and
experimental results of ECC-URM in terms of shear
capacity and deformation. Also a new bilinear tensile
model for AFRP-resin assemblage was proposed. It
was revealed that this model is able to predict the
compressive load-deformation relation of the
retrofitted diagonal specimens with a good agreement
to experimental data.

The summary, major findings, conclusion remarks
and recommendations for future studies are described

in Chapter 7.
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The researches addressed in this thesis are mainly
about the evaluation on the seismic-resistant capacity

of various existent high-rise buildings subjected to
extremely strong earthquake ground motions. In
particular, we specifically incorporate the influences of
P-4 effect and member deteriorations induced by local
failure.

Six chapters are included in this dissertation,
beside the Chapter 1 for introduction and Chapter 6
for summary and conclusions, the core of the thesis
consists of two parts, Chapters 2~3 are expected to
calibration the accuracy of unified constitutive models
for concrete and steel members by incorporating
strength and stiffness deteriorations. Chapter 4~5
focus on the seismic safety and collapse capacity of
various existent high-rise buildings subjected to
severe seismic excitation. Details of these four
chapters are introduced below.

In Chapter 2, the unified constitutive models for
steel and concrete fiber materials for fiber element
analysis are developed or modified in accordance with
the fully calibrated and recognized models as
above. Due to the effects of
geometric-nonlinear and material-nonlinear ought to
be fully considered in the assessment of the
seismic-resistant capacity and collapse behavior of

mentioned

high-rise buildings under severe seismic excitations.
The unified constitutive models incorporating the
strength and stiffness deteriorations of structural
components are respectively quantified and evaluated
on the basis of an extensive database of the
experimental results on H-shaped steel members,
hollow steel tubular members and concrete filled steel
tubular members. Calibrated results in this chapter
are expected to prove the feasibility and accuracy of
such deteriorating constitutive models, and support
the reliability of the dynamic analyses on the
seismic-resistant capacity of various existent high-rise
steel and concrete filled steel tubular buildings that
tend to be conducted the Chapters 4~5.

In Chapter 3, a full-scale shaking table test of
4-story steel moment-resistant frames subjected to
incremental earthquake loadings was used for the
calibration of stress fiber model analysis employing
the stress-strain models incorporating strength and
stiffness deteriorations, in order to predict the
collapse capacity of the steel frame under severe
seismic excitation. An E-Defense shaking table test of
a high-rise steel building subjected to long-period
ground motions is also used for the validation of the
unified constitutive model. In addition, a CFT frame
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specimen subjected to cyclic horizontal loadings with
constant axial loading is also simulated. Although
differences are included in the modelling of three
dimensional frame specimen by two-dimensional plan
frame model, the two dimensional frame models by
adopting the unified constitutive models are reliably
capable to predict the collapse and seismic responses
of low-rise and high-rise steel and concrete filled steel
tubular frame buildings.

In Chapter 4, the seismic-resistant capacity of
existent high-rise steel buildings with various story
levels subjected to long-period ground motions,
near-fault ground motions and artificial ground
motions  are investigated. = The
deterioration behavior of such building models is
evaluated by using the unified constitutive models
and taking the P-4 effect into account. The
deterioration criteria are also quantified on the basis

numerically

of maximum and residual story drift angles,

structural component ductility and energy dissipation.

Various high-rise building models incorporating and
ignoring deterioration effect are compared with each
other to further assess the safety margin until
collapse. The P-A effect and member deterioration
have been proved very significantly influence the

seismic-resistant capacity and collapse behaviour of ’

high-rise steel buildings.

In Chapter 5, we replace the square hollow steel
tubular columns in high-rise steel building with the
associated square concrete filled steel tubular
columns by equivalent flexural stiffness, in order to
assess the seismic-resistant capacity of the existent
high-rise concrete filled steel tubular building that is
analogous to the associated high-rise steel buildings.
Extreme earthquake waves with long-period ground
motions (i.e. Art-Hachi) are selected because of the
larger seismic responses have been obtained in
Chapter 4. In comparison with the analogous
high-rise steel buildings, the safety margin until
collapse of concrete filled steel tubular building
structures is assessed. Larger safety margin until
collapse of high-rise CFT buildings than that of
high-rise steel building is obtained.

Finally, summary and conclusive remarks of the
findings in Chapter 2~5 are respectively achieved in
Chapter 6. According to above achieved findings, by
considering the influences of P-4 effect and strength
and stiffness member deterioration effect, the existent
high-rise buildings have higher probability of collapse

when under long-period ground motions and
pulse-like ground motions, than under earthquake
waves which are used in structural design so far. P-4
effect tends to reduce the seismic resistant capacity of
the building with higher story level based on Uetani
theory. Strength and stiffness member deterioration
make the high-rise building suddenly collapse and
reduce the safety margin until collapse of the
high-rise buildings. Hence, the influences of P-A effect
effect should be
incorporated not only for the seismic evaluation on

and member deterioration
various existent building structures, but also for the
performance-based seismic design of new constructing
building structures in the future.
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