BEE L VEREHEREHOODETIVLIYFUTE

LA 5L
FSBURSE T2 E A Re i LAY
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Abstract: A new method of model matching control for linear and nonlinear discrete time systems is presented in this paper. The
method is very simple and useful not only for linear but also for nonlinear systems. If there is no uncertainty like a model error,
this method gives a closed loop system whose characteristic is exactly the same with the one of the desired model. To
cope with the real applications, integral action is easily introduced with some other free parameters. This result is also

extended for systems with time lag and multivariable systems.
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., 0(2)
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Study on the development of next generation type electric wheel chair

Ryosuke KONISHI
Electrical & Electronic Engineering Course, Information Electronics Major

Tottori University

Abstract:

In this paper, I discribe about the development of next generation type electric wheel

chair. Speech recognition technique is auxiliarily used for start and stop. Wheel chair after start moves

toward target by which information is obtained from EKF-SLAM algorithm every second moment.
EKF-SLAM is calculated from both distance length and direction angle obtained from LRF, which put
in the wheel chair. By using value of EKF-SLAM, this wheel chair automatically move into calculated

length and angle,while map of neibouring surrounding is drawn simulitaneously . ...
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IHH \ EREILES
IEN LMS200-30106
e 0 - 80[m]
WA E 0 - 180[deg]
23 TR e 0.25 - 1.00[deg]
AT LiRGE £ 15[mm]

el A 7= 5[mm

T — X ol 75[Hz

L —95¢ 905[nm]|
L—U 75X 75 A1 (T7A-k—7T)
ERG 24[V]
HEET] 20[W]
S 4.5[kg]
FASIANRES 156 x 155 x 210 [mm]
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Measurement of the Acidity and Fine-control of the Pore-opening Size of
Zeolites

Miki NIWA
Department of Chemistry and Biotechnology, Graduate School of Engineering,
Tottori University, Tottori, 680-8552 Japan
E-mail: miki.niwa@gmail.com

Abstract: Zeolite has the fine property of strong acidity and micro porosity, with which active and selective catalysts
are developed. Our studies on zeolites, measurement of the acidity using ammonia temperature programmed desorp-
tion and fine control of the pore-opening size by chemical vapor deposition of silica, are reviewed.

Key Words: Zeolite catalyst, Acidity, Silica CVD
1. Introduction

It is my proposal as Editor that the professor be-
longing to the Faculty of Engineering summarizes
his/her study upon his/her retirement, and submits it
to the Research Activity Report. Because this is not
the duty, we can select either to write or not to write
the review. I am not sure the statics in detail, how-
ever more than 50 % of the retired professor seems to
The

submitted review is uploaded to the homepage of the

accept an invitation of the review submission.

Graduate School automatically, and therefore every-
I think, therefore,
that the submission of the review to the Graduate

body can read the review freely.

School of Engineering is, more or less, effective to
make everybody known of our research activity in
Tottori University. Google and Yahoo search en-
gines probably will find the research activity up-
loaded in our home-page.

I want to review my studies on zeolite catalysts,
because these are my most important studies carried
out in this University as well as in Nagoya University
[1].

at all, because I had a lot of chance to summarize

However, the review on these studies is not new

these investigations in various journals of the aca-
demic society. Therefore, I want to report our re-
search activity which is strongly associated with the
student activity. Some of them are thus personal
reports which were not written in the published paper.
This is consisted of two parts; first, zeolite acidity,
The

former part has already been published in Chonnam

and second, chemical vapor deposition of silica.

National University, Korea, because it was written
upon request by Prof. Dr. Jong-Ho Kim who is used to

belong to our department.

2. Measurement of the acidity

2.1 Number of the acid site

Acidity of zeolite is created by an Al atom incorpo-
rated in the zeolite framework, and the acid strength is
governed by the structure of the acid site consisting of
Si, Al and O atoms.
tively easy to know the significance.

Number of the acid site is rela-
The h-peak
(high temperature peak) of the ammonia TPD tells us
the number of ammonia adsorbed on the acid sites.
However, in the usual conditions, the number of acid
It is
interesting to know the number of acid site on the Y

site is limited due to the spatial requirement.

zeolite, because it is limited by the surface concentra-
tion. One day, a student (Kageyama kun) reported me
his experimental result of the Y zeolite acidity. 1 sur-
prised to see his experimental result because the num-
ber of acid site was too large to be expected. Usually,
number of the acid site is less than 1.5 molkg™ of the
zeolite. If the number of the acid site is greater than
this value, usually something is wrong.

Ammonia TPD experiment is easy to do in my la-
boratory, because everybody depends on the auto-
matic apparatus. They measure the amount of sam-
ple and installed it in the TPD cell.

is set in the apparatus, they have nothing to do, and

After the sample

next day the experimental result is shown on the
computer desk. Therefore, nobody has the mistake
of the experiment. What is the reason of the too
large experimental finding? Because he measured
the acidity of the ammonium Y zeolite was the reason.

He did not know a precise procedure of the experi-

21



FI¥ % : Measurement of the Acidity and Fine-control of the Pore-opening Size of Zeolites

6
T T T

1:1 stoichiometry |

—‘51) b
)
°

g |
K|
=

e |
=)
<
=

Q -
<

6

[A] - [Na] / mol kg
Fig. 1. Number of the acid site against the

Al-Na concentration on in situ (@) and ex situ
() prepared Y zeolites.

ment of zeolite, because he was an undergraduate
student and studied the zeolite for just a few months.
However, his mistake told us an important character
of the zeolite acidity. Usually, we prepare the pro-
ton type zeolite by removing ammonia from the am-
monium type zeolite at such a high temperature as 773
K. After the treated sample is stored in a sample
bottle or exposed to the atmosphere, the experiment of
the ammonia TPD is carried out. However, Ka-
geyama kun skipped the pretreatment of the sample.
From the observation, we understand that Y zeolite
has shown the solid acidity due to the included Al
atom even when the number of acid site is greater
than 1.5 molkg™”, as far as it is unexposed to the at-
mosphere. We named such a prepared zeolite, in situ
prepared Y zeolite, which is discriminated from the ex
situ (usually) prepared zeolite. Figure 1 shows the
experimental observations of the solid acidities of in
situ and ex situ prepared Y zeolites [2]. In situ pre-
pared Y zeolite shows the acidity which almost agrees
with the number of Al up to 5 molkg™ of the frame-
work concentration. However, the ex sifu prepared
Y zeolite shows the number of acid site which is less
than 1.5 molkg"', and the volcano-shape relation be-
tween the numbers of acid site and of Al concentra-
tion was observed. Too many atoms of Al do not
show the solid acidity. From the observation, we
can understand that the acid sites are collapsed when
too many sites are condensed in a limited surface.

Because the specific surface area of zeolite is about

160
S 150 e
= P
F o
£ 10 B
& Nt
: .
E 130 NG
120 - ‘
0 1 2
([A1] - [Na]) / mol kg !
Fig. 2. AH as a parameter of the acid strength

against the Al-Na concentration on H-mordenite
(a) anZSM-5 (b).

400 m’g"', the maximum surface concentration of the
acid site is ca. 2 nm™. In other words, the surface
concentration of the acid site does not exceed 2 nm™.
Acid sites do not exist when the surface concentration
is over 2 nm™?. On the highly condensed conditions,
the acid sites interact mutually to destroy the site each
other, i.e., a spontaneous collapse of the acid site is
expected. It is further proved by an experiment that
water (humidity) helps to break the acid sites.
Therefore, we named it a maximum surface concen-
tration of the acid site. This is an important obser-
vation of the character of the acid site.

The concept of the maximum surface concentration
of the acid site is an idea applicable also to the metal
oxide monolayer catalysts. Vanadium, molybdenum,
tungsten, and sulfated anion oxides loaded on tin,
zirconium, and titanium oxides show the solid acidity
of which the surface concentration do not exceed the
value of ca. 2 nm™.  Therefore, this value is useful to

study the solid acidity.

2.2 Strength of the acid site

On the other hand, the concept of strength is not
easy to understand. The most simple and incorrect
idea is the strength measured from the temperature of
the ammonia desorption. It looks like correct, but
contains a serious mistake. Temperature of the am-
monia desorption is influenced strongly by the expe-
rimental conditions as well as by the number of the

acid site. It is not difficult to find the incorrect ex-
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planations of the strength of acid sites even in the
famous international journal. So many papers report
the strength just by measuring the temperature of the
ammonia desorption, but these are not correct.

We first observed that the temperature of ammonia
desorption was influenced by the contact time of the
carrier gas, W/F, when we studied the ammonia TPD
in the occasion of the project of the reference catalyst,
catalysis society of Japan. Temperature shifted to
high with increasing the W/F by about 200 K. Such
a large shift of the temperature was caused by chang-
ing the contact time of the carrier gas largely.
Usually, it is difficult for a single researcher to change
the W/F so largely, because the apparatus does not
allow the experiments.

After many studies had been carried out, we arrived
at the conclusion of a correct understanding of the
ammonia TPD experiment. Equilibrium is kept al-
ways in the TPD experiment between ammonia mo-
lecules on the surface of zeolite and in the gas phase,
and a small portion of ammonia molecules is desorbed
to show the profile of desorption, i.e., ammonia TPD.

Thermodynamics and material balance of the am-
monia desorption provide us with a simple equation of
the ammonia TPD shown below, i.e.,

AW d6 6 P° AH AS
C,=-— — = —exp| —— — | M
¢ F ar 1-orT P\ &t )"PUR

where 0, B, W, F, P°, R, and T are coverage by
ammonia, ramp rate of the temperature elevation,
weight of the zeolite, flow rate of the carrier, pressure
at standard conditions, gas constant, and temperature.
A, is the number of acid site, and AH and AS are
changes of enthalpy and entropy upon the ammonia
desorption. Cg is the concentration of ammonia in
the gas phase, and this equation shows that Cg
changes with the rate of decrease of 6 with T, which is
exactly the same as ammonia TPD profile.

The most important and fundamental observation of
the TPD experiment is a constant AS independent of
the zeolite species. Entropy increases upon desorp-
tion (phase transformation) and then mixing with he-
lium carrier gas (mixing). The change of entropy
upon mixing with helium carrier is calculated from
the concentration of ammonia in the gas phase. AS
upon desorption can be therefore calculated from the
experimentally measured value. Finally, AS upon

desorption is found to be ca. 95 J K™ mol™, which is

Absorbance

3600
Wavenumber/cm ™!

3500

Fig. 3.
spectra in the region of the Bronsted OH meas-
ured by the IRMS-TPD of ammonia on H-Y zeo-
lite: dotted line shows the reference spectrum

An enlarged portion of the difference

before the adsorption of ammonia and solid lines
show the difference spectra after the adsorption
of ammonia.

very similar to the AS upon vaporization of liquid
ammonia. This means that the change of entropy
upon desorption is due to the change of translational
energy of ammonia molecule, which supports the
theoretical consideration of the ammonia TPD. A
constant value of the AS gives us the strict back-
ground to confirm the validity of derived equation of
ammonia TPD. In the laboratory, the ammonia TPD
profile is calculated with the Microsoft Excel based
on the above equation with a constant AS and as-
sumed AH in order to simulate the experimentally
observed one.  Figure 2 shows thus determined AH
for zeolites mordenite and ZSM-5 with different con-
centrations of acid sites. The measured AH as a pa-
rameter of the acid site strength depends on the zeo-
lite crystal structure independent of the concentration
of Al

led to further investigation on the acidity and struc-

This conclusion about the strength of acidity

ture of zeolites.

2.3 Combined study on the zeolite acidity
Ammonia TPD has a serious drawback, because no
information is provided for the structure of acid site.
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Fig. 4. Correlation between E,;, DFT calculated

energy for ammonia adsorption on the Bronsted
OH sites and AU measured by IRMS-TPD. The
value of E was calculated under the periodic
boundary conditions of zeolites FAU, BEA, MOR,
and CHA. Change of the internal energy for
ammonia adsorption AU was corrected from AH
due to the equation AH=AU+RT.

It is impossible with usual ammonia TPD to discri-
minate between Breonsted and Lewis acidities. In
order to overcome the drawback, we proposed a me-
thod of IRMS-TPD experiment. In this experiment,
infrared spectroscopy (IR) is measured simultaneous-
ly with the mass spectroscopy (MS). Thermal
changes of not only ammonia in the gas phase but also
ammonia species on the surface can be measured with
this method. Ammonia adsorbed species is identi-
fied from the IR observation, and therefore Bronsted
and Lewis acid sites can be discriminated. It is
possible to measure the site of Bronsted OH indepen-
dently, when more than two kinds of the site are ob-
served. Thus, individual measurements of number
and strength of the acid site becomes possible.

AH values as a parameter of the acid strength are
now measured for each Brensted OH on the zeolite,
when they are discriminated. The precisely mea-
surements of the AH for the Bronsted OH becomes
possible by the advancement of the IRMS-TPD mea-
Interesting example of the IRMS-TPD

experiment is the measurement on the Y zeolite acid-

surements.

ity. Y zeolite has the unique property of the acid
sites, because all T site are equivalent. In other
words, there is only one kind of the T site. Four
oxygen atoms surround the 7-site in a tetrahedral
configuration. Therefore, there are only four kinds

of the Bronsted OH. However, a neutron diffraction

H

Triangle A

Fig. 5. A Bronsted OH cluster model sur-
rounded by two triangles A and B with parame-
ters of distance a, b and angle o, 0.

study did not detect one of the four Brensted OH sites.
Experimentally, we can find four kinds of Brensted
OH, as shown in Figure 3 [3]. These sites are iden-
tified from the literature data, and by the comparison
of IR observation with MS measured ammonia TPD,
solid acidities of four kinds of acid sites are measured
individually.

IRMS-TPD experiment provides us with an inter-
esting observation of the Brensted acidity, because
the IR observation shows the precise band position of
the OH site.

study the solid acidity in a molecular level.

Therefore, it is the first time for us to
With the
IRMS-TPD experiment, the precise study of the
Bronsted acidity became possible.

Density functional theory (DFT) calculation is also
carried out to study the solid acidity in detail. DFT
calculated value of energy of ammonia adsorption is
easily compared with the experimentally determined
value. It is our important advantage that both expe-
rimental observation and theoretical calculation are
given and compared. Now, we have arrived at a
highly advanced stage of the investigation of the solid
acidity of zeolites.

DFT calculation is a powerful technique to learn the
physical chemistry of zeolite acidity. Without the
technique, we have no chance to study the signific-
ance of the zeolite acidity. AH values measured by
the ammonia TPD was once confirmed by the com-
parison  with the measured by mi-
cro-calorimeter. However, there was no further

values

chance to confirm the AH values measured by ammo-
nia TPD. The advancement of theoretical under-
standing of the strength of acidity provides us with a
chance to study the solid acidity in more detail.
What an impressionable and surprising time we expe-
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H-ZSM-5 (6), EDTA-USY (7), ex-situ H-MCM-22
(8), H-MCM-22 (8’), and NaH-mordenite (9).

rienced, when we calculated the energy for ammonia
desorption from the DFT; because the AH has been
measured from the experiment of ammonia
IRMS-TPD based on the derived equation, and also
the energy for ammonia desorption is calculated from
the quantum chemical theory; and both parameters
agree well, as shown in Figure 4 [4].

2.4 Origin of the acidity strength and the crack-
ing catalysis

Two important findings about the acidity are dis-
cussed. First topic is on the origin of the acidity.
So often we have questions on the origin of the acidity.
We stated that the strength is governed by the struc-
DFT cal-
culation gives us the value of energy as well as the

ture based on the experimental findings.
precise parameter of the structure. Therefore, after
the calculation, there are uncountable data of the
structure of zeolite acidity which could be correlated
Al-O bond distance and
Si-O-Al angle are raised as key geometrical parame-

with the energy parameter.

ters to influence on the strength of acidity. However,
precisely analysis of the structure and geometry tells
us the strength of the acidity is correlated with both
the distance and the angle between two neighbored
triangles, as shown in Figure 5 [5]. This means that

the compression by two neighbor triangles into the

140
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Fig. 7. Activation energy for the cracking of
hexane (O) and octane (@) plotted against the
AH on the zeolites, 1 to 9 referred to in Fig. 6.

cluster Si(OH)AI induces the strong Brensted acidity.
The compression to the Brensted acidity from the
surrounding triangle is estimated to be so weak in the
meso-porous materials. In fact, the silico-alumino
meso-porous materials do not show the strong acidity.

The most important and interesting observation is a
relation between the catalytic activity and the solid
acidity. Our interest is directed to understanding the
activity for the cracking of alkane, octane and hexane.
Our approaches to the understanding the catalysis are
made by measuring turn-over frequency (TOF) and
activation energy. The catalytic activity was meas-
ured by controlling the temperature and the partial
pressure of alkane so that the mono-molecular reac-
tion was measured. Number and strength of the
When the
multiple sites of the Bronsted OH exist, the accessible
and active OH only is selected as active sites. Thus,

TOF which is the rate divided by number of the active

Bronsted OH were measured in detail.

site is plotted against the AH, as shown in Figure 6 [6].

In the cracking of both octane and hexane, the volca-
no relationships were observed. In both cases,
ZSM-5 and MCM-22 which have the AH about 135 to
140 kJ mol™ showed the maximum values. Activa-
tion energies of the cracking were measured, and
these values are plotted against the AH as a parameter
of acid strength in Figure 7. Activation energies
decreased with increasing the strength of acid sites.
However, the cracking of octane on NaH-mordenite

(in Figure, shown 9) deviates strongly from the rela-
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tionship. Further precise study is required to under-
stand the relationship more profoundly. Thus, it will
be so interesting to apply the combined technique to
understanding the acidity and catalytic activity on
various zeolites synthesized and modified by various
methods.

3. CVD ofssilica

3.1 Intention of the modification and findings
Once I was asked, “Why did you try the modifica-
tion of zeolites by silica? What did you expect from
the experiment?” Unfortunately, I did not have a
clear and noble intention. I just tried the modifica-
tion with an intention of changing the catalyst prop-
I expected first that the alkoxide modified the
zeolite totally. To say correctly, I expected that the
Ac-

tually, a technical term of chemical vapor deposition

erty.
acidity would be modified by the deposition.
was not on our ideas. We understood that our mod-
ification would be included in one of the supporting
methods of metal oxide. The term of chemical vapor
deposition (CVD) was used in the publication of the
communication in Chem. Commun., when the Editor
changed the title of the paper into a vapor-phase de-
position method [7].

The first reagent I have used is silicon te-
tra-ethoxide Si(OC,Hjs),, which is usually abbreviated
into TEOS.
reagent, the weight of catalyst did not increase as ex-

However, in the experiment using the
pected. I thought it was caused by molecular size
largeness. And I looked for a smaller molecule, and
found silicon tetra-methoxide Si(OCHj3)4 in a cata-
logue of Shinetsu Silicon. In the next experiment
using the silicon-methoxide, I found the increase of
weight by the deposition enough to modify the ma-
terial.

Two experiments were carried out after the mod-
Actually, 1 asked Mr. H. Itoh who was a

graduate student to do the experiments; ammonia TPD

ification.

and methanol conversion were tested on the modified

zeolite (mordenite). Ammonia TPD was not

changed after the modification. However, product
distribution in the methanol conversion changed dra-
matically. Benzene and toluene were the large mo-
lecules formed from the methanol conversion. It was

not difficult to reply the question; i.e., only the pore

size is enclosed without the modification of inside
structure [8].

Adsorption of water and o-xylene on the modified
zeolite gave us further clear and interesting findings.
Because water and o-xylene had the molecular di-
ameters of 0.26 and 0.63 nm, respectively, I studied
Ad-
sorption of water was not changed at all after the

the adsorption of small and large molecules.
modification, but the adsorption of o-xylene was
suppressed greatly. The adsorption amount of
o-xylene was so small, and it was expected due to the

adsorption on the external surface.

3.2 Excellent shape selective reaction and ad-
sorption

During the study on the CVD of silica, I encoun-
tered excellent findings three times; (1) selective
cracking of linear alkane in preference to branched
alkane on mordenite, (2) selective formation of
p-xylene among xylene isomers as a result of toluene
alkylation and disproportionation on ZSM-5, and (3)
separation of oxygen and nitrogen on zeolite A.
Among them, the most important study that drew
people’s attention is undoubtedly the p-xylene selec-
tive formation. Para-xylene is an important raw
chemical compound to produce plastics and fiber, and
The first

observation was revealed by an experiment of me-

produced by many industrial companies.
thanol conversion on HZSM-5. Products in the
reaction included various alkanes, olefins, and aro-
matics. Product distribution of the methanol con-
version changed small by the deposition of silica;
however the distribution of xylene isomers changed
greatly, and o- and m-xylenes were not formed at all
with p-xylene remained formed selectively at the de-
position of silica [9]. Figure 8 shows the excellent
shape selectivity to form p-xylene among xylene iso-
mers from methanol conversion on the SiHZSM-5,
reported in 1986.

Should the study be carried out nowadays, most
probably, we would make a patent claim to not only
But,

we did not have such a research circumstance at the

domestic but also international communities.

time of 1986, and also we did not understand correctly
It was 1991 when
we published the selective formation of p-xylene in

the importance of the technique.

the alkylation and disproportionation of toluene [10].
Obviously, it was too late to claim our priority of the
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as a result of methanol conversion.

investigation. A similar study had already been pub-

lished elsewhere. For example, Prof. Ikai Wang of
National Taiwan University published the selective
formation of p-xylene based on the silica modified
HZSM-5.

versity before the publication, and then studied the

However, he visited us in Nagoya Uni-

CVD technique for their development of the selective
catalytic process. (There was a group tour of re-
search on the catalysis from Taiwan, and five to six
researchers visited to Nagoya University.) He first
proposed a method of in situ CVD method, where the
extent of deposition was controlled by flowing me-
thanol and toluene simultaneously with alkoxide in
order to examine the degree of modification from the
selectivity of p-xylene formation. This practical
method first proposed by Wang was followed by In-
dian chemical industry and Prof. O’ Connor of Cape
town. Indian Petrochemicals led by Dr. Halgeri who
is used to be a member of Ono laboratory of Tokyo
Institute of Technology developed an industrial
chemical process of p-diethylbenzene production. I
guess that some other companies in the world utilized
the CVD and a similar technique to develop the shape
selective catalytic reaction, but it remained unopened

yet.

H
gl
=4
S

3.3 Prospects in future study

This technique of silica CVD has been studied by
many researchers in the world. On the other hand,
similar techniques are studied recently for the devel-
opment of the shape selective zeolite catalyst. One
of them is chemical liquid deposition (CLD) using
TEOS. Alkoxide is deposited on the zeolite in the
liquid phase of such an organic solvent as heptane.
Because of the organic solvent utilization, the tem-
perature of CLD may be maintained at the tempera-
tures lower than 373 K. The amount of deposited
silica may be difficult to be correctly measured.
Concept of the method is not different from that of
CVD. However, fine and successful applications of
the method have not seen before. Because I have not
yet carried out the liquid phase deposition of silica,
further comments on this method is difficult. How-
ever, | believe that the silica on the external surface of
zeolite could be stabilized in a similar structure, when
any kind of methods is adopted, as long as the process
conditions are adequately controlled. Selection of
the method to deposit the silica depends on the han-
dling easiness and the required cost, i.e., it depends on

the economic balance of money and energy.
(Received, October 28, 2010)
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Structure and function of chaperonins, molecular assistants of protein folding
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Abstract: Proteins in the cell are routinely exposed to various conditions that promote unfolding and irreversible
aggregation. Chaperonins act to prevent protein denaturation and aggregation by sequestering aggregation-prone
protein molecules and encouraging recovery. Chaperonin function is supported by various static and dynamic
characteristics of its unique structure. This article summarizes some of our results regarding the structural
characteristics that support the function of the Escherichia coli chaperonin GroE.
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DREINTZ LL, GroE DAfiBhZ B &3 255 L "B T
Hb,

R ERAEDG LN, GlylR2 2 R 7 77 iz
B LI, 2 TBEDT 3 —IVT o T RARR
DRENDKIRART LT=BE A MG D [8] (X8),

& 0 FEM7R IR AT S TR, GroEL G192W 2854 3.
ATP H¥EE L CUVRU RRE T GroES & R Asad
DB A d 2 LAV L7-, GroEL G192W A AT &
YT MY TN T UBRIAR N UTSRER ATP AT
DEEICY T 2=y " Ta w7 ) Snthde Lt b &
7257 8] (K9),

X 9. GroELG192W ZEADE s E (LK ;
SCHR [8]1L V). K AT X ATP %5 £ 720> GroEL
GIN2W B 7N OEFIMERETE L D 7514 Lo bk
OIA A=Y 7 ) 7 LD, KO [FE LEE
LA BRI DDA A=V T T LIz
DT D, ATP BEINEI TR H A3 57 K~O
DA A—ClE GroES #HfiE &9 A HEE 2TV Y GroEL
FEIRAERCTE D (X1 BR),

GroEL %7 2= FD2 EFDt AL NENALR
B AEAT 2 2 b0 2 FEOWYEZ1E L C, GroE D
BERERBUCITT 7 2=y NROBIZRDHE ), FRHC
b UEHRILE LT RAL AV T —a o2l
NEDOTEETHD Z LGNz, &
KT, ZO2HFTOE L GroE OREREA 71 =X
AZBWTRRZE 2RO & 3 hbbe v 21%
TS H L 7R RO GroES & DFEEI TR HTE E KA A
L OREEZAT) ) X DT OICEET, B 13k
Y72 GroEL 7 2= FOR§EZ L GroEL ¥7' =
= MNEOBHELZHETH D Z ERHLMNE o7,

5. R 2\ BEH LiAdH S ERERERDIRE & Grok
OOHRE



F 1. GroEL O C A7 < / Wlidd ik & C R X/ B iR B SdA CUik [9]1L9)

EL-WT
EL-dC541
EL-dC531
EL-dC525
EL-NE
EL-HB
EL-SC
EL-SH

-+ TTECMVTDLPKNDAADLGAAGGMGCGMGGMGGMM —548
-+ TTECMVTDLPKNDAADLGAAGGMGCM —541

-+ TTECMVTDLPKNDAAD —531

- TTECMVTDLP -525

- TTECMVTDLPGGGAAGL GAAGGMGGMGGMGGMM —548
- TTECMVTDLPIGIAATL GAAGGMGGMGGMGGMM —548
- TTECMVTDLPNKADDAL GAAGGMGGMGGMGGMM —548
- TTECMVTDLPRQEGGEL GAAGGMGGMGGMGGMM —548

AMARD X 512, GroEL « GroES 25ERS 50 7/
PACIASD BIVTE 2 737 B 5511, GroEL 73 ATP % ADP
KRS ETORLZE 1 ORI, B DiRES
NIRAE CREEDRIEA RS (M3, fvi), 2MEx v
I EHRATIAD D GroE 7 7B/ OWNEZIZZ 4 2
T AT XA <AFHEL, GroE 1 7
NVOPIEA 2 0 BUKIEOEN BB Th 5 LHEE ST
W5, LIRTOWFIEZIWT, ZOBUKEREEZ I 0 Bk
P2 L & EDERR, GroE 1 7/ WNOZRE (e
WIKTE) a2 SELEREZEAT D L GroE OREREN
72N D FREER S STV D [10], Fex b ET,
GroE 1 72 /LVONERIZE L 7= GroEL ORFESNIZR L,
FOREN R RIET DT OITERAEAL, FOREZH

~7

GroES;

GroEL,

GroEL,

X 10. GroE OIS (FrmiX) [9], X1 Offi&E4dm
BI0izL, PEOREEE rIdHE LTz, REOATRLTE
HAZIZ GroEL 0 C Ak & FA TN D,

GroEL 7R U ~7F RO C AT GroEL 7=
= FNTITTRE R AA ONEIFS L, F1Z C K
BR31% GroEL ORI CTh 7o T o
INTFET S (K10, M), ZOFNIOT X RS
1% [GGMJ &\9 3 7 2 BRFRIEOEH A 4 (Al ) 3 L
T L QDD REBR RS S D (31D, X i
HEERRATI 5\ VT UL GroEL 0 2 0> C A LA e oM
GRS D EMNTET, BMS I EEACIADD
T TRV Z OHRLS ED L DN HD) e e
B HER T AUEZ R T, 22T, BxlTZORH%
B2 7 X ) FEes | & Bl L, 7 S BRI
GroEL D) | JIF TR A TS Z & CZ OB
e IEE D B E Ai_ H Z L2 LT,

S FHEMEZ LY GroEL D CAIRT X/ Fliis | 2Bk
LCWE, 58072 IGGM] Bd8% ©72720 Y GroEL ™
JEFA % £9° 3 fllH (EL-dC541, EL-dC531, EL-dC525)
TERR L7z (R 1), ZOEEUROME i~ b 25,

[GGM | BEEHI DD L EFICIFEET 2B OB,

[KNDAAD] &9 B 2 HIFRT % & GroEL Ok
REDNVEIIH b D Z ERH G E 757 (X 11) [9],

Z DR RESI XA B A 0T ART X UEE (D) 732
H, EEmEHOU UL K 231 EEEn, I
(BUKBIMEE O WY B T o 72, Z ORIz
BIFOENE v Ofd% [GGGAAG] (EL-NE ZEFYA) <
BKPEDOTR S [TGIAAL (EL-HB ZE54A) | ZiE L
T ERRIIRIGEDOAEET 2 X2 D Z LN TE R T

FE1BXOX12, /£), LinL [KNDAAD) E5|%A
~IER T AR (EL-SC 254K ; NKADDA) <2, [FHK
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1. C-R¥E7T 2/ EEENEIZH IR L7- GroEL Z854AD
T A —IVT 4 7 RIBRETTEHIE CCEk [91L V), 4 FERE
DB INTEDT 3 —NT 4 > T is% T GroEL
E R FURDNEIEDIEHE 2T 57y FHli L7, X

M00%, & 13845 GroEL TH-E FD T +—IVF 4 7
BOSOTE AR A5, AERIZ OV T, [Spontaneous )
DEX W K& WY 7 UEE GroEL [ 3FEMANT 7 +—
VT 4 TR L QD ST B,

EL-SC
EL-WT  EL-SH

EL-NE
EL-HB

EL-WT

12. 78 GroEL ZZFADBERE A F I~ 5 72D DR

BEFER Uik [9]1L ). GroEL & GroES I NG DA
BICHHEDH LR ETH Y, T OMRENL DD LER
T&EAR, ZITC, B GroEL B b v (T8 R
RO L2 RS, RGEOAEB O 281815 2
L TEOERARDHNEN CHEET 20 S0 27§25 2
LINTE D, EDEEET L — Tld ELNE ZHE4K L
EL-HB ZR{K% L OKIGHEIL 37CTIEE AL EBF T
9, /5O7 L — hCTlL EL-SC Z8¥4A L EL-SH ¥ (A% ¢,
ORAGEEFEF AT (BL-WT) GroEL % O KIGE & I1FZE
FFEEAE TS 2 L AWERTE T,

DFEMZ ©OT 2 FRECHIIN & L T2 8 (EL-SH 48
HYK; RQEGGE) I1IKGHEDOAEE X A5 N TET-
(X12, &) [9 K11, K12 OFEERFER LY, GroEL

O C K7 X /RS EE [KNDAAD] (%, Z0OfE
D 2T v a = ORSRBICEE TH D L EZ D
iz, I CE R E Ho7 2 B A RdE T 5 2
LT, AT RNOER EBMS X8 L ORI AHA
TERDBED I, & o B MG % [ 35 7o O
HIBREEAE 5 &b d,

6. &I

Ty Sn = UA3REL - EREITDTIEE A EDEDIC
BOWTEEMICAAEL, HlROAEBICNE R EE X
O HZ L NTE T D, TOMEIIE OO TEMET,
GroEL * GroES + ATP HMEUTEHE L7273 HEEFE D
JOA T = ALEFATL, BVELIZH VX IEDT 4 —)v
T4 7 a5, GroEL X° GroES O/ etidic
Flx R RAAENL, O RONF AR M
2 FERTEIT GroE OSUCHEIZRE 2Rk % 7o BIRZR
B ZA DT 2 Z EIZE L T 7, 4141% GroE
DI LHSRE & ORITNE ST Dl 72 BIfR % B
#3572, GroE ORFFEEFEMITINAT ),
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during post-annealing process

T. Tokuda, S. Honda, K. Kinoshita, S. Kishida
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Horii, Y.,”™, Ikawa, M., Sakaguchi, K.,
Chikamatsu, M.,*l, Yoshida, Y.,*l, Azumi, R.,*l,
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Science and Technology, ““Japan Chemical Innovation
Institute, *3Shin-Etsu Chemical, =“‘Department of
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Yamane,N.,

High sensitive ultraviolet Schottky photodetectors
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field effect
3d-electronic states of Cu in concentrated Gd-Cu
non-crystalline alloys

Yano, K., Fukuoka, J., Yamada, S., Sakurai, H., Okada,
S., Adachi, H., Kawata, H., Kita, E. and Nakai, I.

J. Phys.: Conference Series, Vol. 150, 042239, 2009.

Strong molecular from Gd on



NROR R F B

It L 238 FE
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blocks for novel biologically active molecules

Itoh, T.
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One-Pot Synthesis of 1-Arylindole-3-carboxylates
from 2-(2-Isocyanophenyl)acetates

Fukamachi, S., Konishi, H., Kobayashi, K
Heterocycles, Vol. 78, No. 1, pp. 161-168, Jan. 2009.

Synthesis of 2-Benzothiophene-1(3H)-thione and
Isothiochroman-1-thione Derivatives
Mediated
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Derivatives
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One-Pot Synthesis of 2-Arylimino-2,3-
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Synthesis  of
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Fukamachi, S., Konishi, H., Kobayashi, K.
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A Simple Method for the Synthesis of
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Kobayashi, K., Nakamura, D.,
Fukamachi, S., Konishi, H.
Synthesis, No. 13, pp. 2179-2183, Jul. 2009.
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Synthesis of 1,3-Diaryl-2-methoxyindenes by
Hydriodic Acid-Catalyzed Cyclization of Aryl[2-(1-
aryl-2-methoxyvinyl)phenyl]methanols

Kobayashi, K., Shirai, Y., Nagaoka, T., Konishi, H.
Synth. Commun. Vol. 39, No. 16, pp. 28662881, Aug.
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Synthesis of Bis(indolyl)methane Derivatives by
Acid-Catalyzed Reactions of Indoles with Vinyl
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Kobayashi, K., Shirai, Y., Konishi, H.
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4-Substituted
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the reaction of 2-(chloromethyl)phenyl isocyanides
with organolithiums

Kobayashi, K., litsuka, D., Fukamachi, S., Konishi, H.
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Heterocycles, Vol. 78, No. 10, pp. 2559-2564, Oct.
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One-Pot Synthesis of Quinoline-2(1H)-thiones from
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2-Isocyanostyrenes via Electrocyclic Reaction of
the Corresponding 2-Isothiocyanatostyrenes
Kobayashi, K., Fujita, S., Fukamachi, S., Konishi, H.
Synthesis, No. 20, pp. 3378-3382, Oct. 2009.
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methyl)sulfanylbenzo[b]thiophenes via cyclization
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Derivatives
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Preparation of Chitin Nanofibers with a Uniform
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TEMPO-mediated
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conditions
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Chitosan-Carboxymethyl Dextran Nanoparticles
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electrodes prepared by gas-deposition

Usui, H., Kashiwa, Y., lida, T., Sakaguchi, H.
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Surfactant concentration dependence of structure
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prepared using chemical synthesis in aqueous
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Usui, H.

J. Colloids and Interface Sci., Vol. 336, pp. 667-674,
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optical properties of precipitated wurtzite ZnO
Usui, H.

Mater. Lett., Vol. 63, pp. 1489-1492, Apr. 2009.
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HZSM-5 Modified by Silica CVD for
Shape-selective Production of p-xylene: Influence
of in situ and ex situ Preparation Conditions of the
Zeolite

Tominaga, K., Maruoka, S., Gotoh, M., Katada, N.,
Niwa, M.

Microporous Mesoporous Material, Vol.
523-529, 2009.

117, pp.

Periodic Density Functional Calculation on
Bronsted Acidity of Modified Y-type Zeolite
Suzuki, K., Noda, T., Sastre, G., Katada, N., Niwa, M.
J. Phys. Chem., C, Vol. 113, pp. 5672—-5680 2009.

Periodic DFT Calculation of the Energy of
Ammonia Adsorption on Zeolite Brensted Acid
Sites to IRMS-TPD
Experiment

Suzuki, K., Sastre, G., Katada, N., Niwa M.

Chem. Lett., Vol. 38, pp. 354-355, 2009.

Support the Ammonia

Combined Study of Ammonia IRMS-TPD
Experiment and DFT Calculation to Characterize
Zeolite Acidity

Niwa, M., Katada, N.
J. Japan Petroleum Institute, Vol. 52, pp. 172-179,
2009.

Correlation between Bronsted Acid Strength and
Local Structure in Zeolites

Katada, N., Suzuki, K., Noda, T., Sastre, G., Niwa, M.
J. Phys. Chem., C, Vol. 113, pp. 19208-19217 (2009).

Biodiesel Production
Acid-Derived Solid
H4PNbW,;04/WO0O;-Nb,0s,
Katada, N., Hatanaka, T., Ota, M., Yamada, K.,
Okumura, K., Niwa, M.

Appl. Catal., A: Gen., Vol. 363, pp. 164-168 (2009).

Using
Acid

Heteropoly
Catalyst

Characterization of Sulfated Zirconia Prepared
Using Reference Catalysts and Application to
Several Model Reactions,

Matsuhashi, H., Nakamura, H., Ishihara, T., Iwamoto,
S., Kamiya, Y., Kobayashi, J., Kubota, Y., Yamada, T.,
Matsuda, T., Matsushita, K., Nakai, K., Nishiguchi, H.,
Ogura, M., Okazaki, N., Sato, S., Shimizu, K.,
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Shishido, T., Yamazoe, S., Takeguchi, T., Tomishige,
K., Yamashita, H., Niwa, M., Katada, N.
Appl. Catal., A: Gen., Vol. 360, pp. 89-97, 2009.

Generation of the active Pd cluster catalyst in the
Suzuki-Miyaura reactions: Effect of the activation
with H, studied by means of quick XAFS

Okumura, K., Matsui, H., Sanada, T., Arao, M.,
Honma, T., Hirayama, S., Niwa, M.

J. Catal., Vol. 265, pp. 89-98, 2009.

Promoting effect of Mo on the hydrogenolysis of
tetrahydrofurfuryl alcohol to 1,5-pentanediol over
Rh/SiO,

Koso, S., Ueda, N., Shinmi, Y., Okumura, K., Kizuka,
T., Tomishige, K.

J. Catal., Vol. 267, pp. 89-92, 2009.

Catalytic performance and characterization of
Rh-CeO,/MgO catalysts for the catalytic partial
oxidation of methane at short contact time

Tanaka, H., Kaino, R,. Okumura, K., Kizuka, T.,
Tomishige, K.

J. Catal., Vol. 268, pp. 1-8, 2009.
Highly Dispersed Pd Species Active in the
Suzuki-Miyaura Reaction

Okumura, K.,Matsui, H., Tomiyama, T., Sanada, T.,
Honma, T., Hirayama, S., Niwa, M.

Chemphyschem, Vol. 10, pp. 3265-3272, 2009.

Enhancement of the Catalytic Activity of a
Dawson-type Heteropoly Acid Induced by the
Loading on a Silica Support

Okumura, K., Ito, S., Yonekawa, M., Nakashima, A.,
Niwa, M.

Top. Catal., Vol. 52, pp. 649-656, 2009.
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Mechanical Unfolding of Covalently Linked
GroES: Evidence of  Structural Subunit
Intermediates

Sakane, 1., Hongo, K., Mizobata, T., Kawata, Y.
Protein Sci. , Vol.18, No.1, pp.252-257, 2009.

Gly192 at Hinge 2 Site in the Chaperonin GroEL
Plays a Pivotal Role in the Dynamic Apical Domain
Movement that Leads to GroES Binding and
Efficient Encapsulation of Substrate Proteins
Machida, K., Fujiwara, R., Tanaka, T., Sakane, I.,
Hongo, K., Mizobata, T., Kawata, Y.

Biochim. Biophys. Acta/Proteins and Proteomics,
Vol.1794, No.9, pp.1344-1354, 2009.

A Potentially Versatile Nucleotide Hydrolysis
Activity of Group II Chaperonin Monomers from
Thermoplasma acidophilum

Noi, K., Hirai, H., Hongo, K., Mizobata, T., Kawata,
Y.

Biochemistry, Vol.48, No.40, pp. 9405-9415, 2009.

Electroreductive Coupling of Phthalimides with
a,B-Unsaturated Esters: Unusual Rearrangement
of Resulting Silyl Ketene Acetals

Kise, N.; Isemoto, S.; Sakurai, T.

Org. Lett., Vol.11, No.21, pp.4902-4905, Nov. 2009.

Novel
Monooxygenase from Bacillus subtilis WU-S2B

Reactivity of Dibenzothiophene

Ohshiro, T., Nakura, S., Ishii, Y*., Kino, K*.,
Kirimura, K*., Izumi, Y. (*Waseda Univ.)

Biosci. Biotechnol. Biochem., Vo0l.73, No.9,
pp.2128-2130, Sep. 2009.

Theoretical and Experimental Studies of the
Conversion of Chromopyrrolic Acid to an

Antitumor Derivative by Cytochrome P450 StaP:
The Biological Role of Water Molecules

Wang, Y., Chen, H., Makino, M., Shiro, Y., Nagano,
S., Asamizu, S., Onaka, H., and Sason, S.

J. Am. Chem. Soc. Vol.131, No. 19, pp.6748-6762,
Apr. 2009
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Capability for Growth in Nonlinear Response of
SDOF with Bilinear Hysteresis

Taniguchi, T.

ASME Pressure Vessel and Piping Conference,
Seismic Engineering, Paper No. PVP2009-77562,
20009.

Effective Mass of Fluid for Rocking Motion of
Flat-Bottom Cylindrical Tanks

Taniguchi, T., Segawa, T.

ASME Pressure Vessel and Piping Conference,
Seismic Engineering, Paper No. PVP2009-77580,
2009.

Fluid Pressure on Unanchored Rigid Flat-Bottom
Cylindrical Tanks due to Uplift Motion and Its
Approximation

Taniguchi, T., Ando, Y., Nakashima, T.

Journal of Engineering Structures, Vol.31, No.l1,
pp.2598-2606, Nov. 2009.
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Brackish water thecamoebians as an indicators of
sea-level changes in Lake Koyama-ike, Tottori
Prefecture, southwest Japan, over the last 60 years
Ritsuo Nomura®, Shigenori Kawano and Hiroshi
Yajima (‘Shimane University)

the Quaternary Research, 48 (5), pp.305-320, Oct.
20009.

Evaluation of the intrusion generated by a
submerged contact chamber of hypolimnetic
oxygenator in a reservoir

wE B4 1

Hiroshi Yajima, Jorg Imberger’ and Christopher
Dallimore” ("the University of Western Australia)
Intl. J. of River Basin Management, Vol.7, No.4,
pp-415-422, 2009.
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3D numerical simulation of complex flow over wier
Kajikawa, Y. and Hinokidani, O.

33rd IAHR Congress Proceedings, pp.2230-2237, Aug.
20009.

Report on fluctuation of groundwater in a
sediment filled reservoir (dam farm land) in the
Loess Plateau of China---Effect of water uptake by
plants on groundwater level fluctuation in arid
land

Yasuda, H., Hinokidani, O., Jinbai Huang, J., Saito, T.,
Anyoji, H., Kimura, R., and Zhang, X". (" [E £} %z
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Journal of Japan Society of Hydrology and Water
Resources. 22, pp.301-306, 2009.
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Unconfined Compressive Strengths of Unsaturated
Soil Prepared from Slurry

Shimizu, M. & Kageyama, K.

Proc. of the 4th Asia Pacific Conference on
Unsaturated Soils, Vol.1, pp.3-8, Nov., 2009.
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Concerning the influences of velocity ratio and
topography model
simulation
Shimauchi, T.*l, Nakamura, K., Sakai, N. *2, Hagiwara,
L7, Nishiyama, S. * Ohnichi, Y™

("' MEIJI CONSULTANTS CO. , Ltd, " National
Research Institute for Earth Science and Disaster
Prevention, ° SUNCOH CONSULTANTS CO. , Ltd,
* Kyoto University)

on the result of rockfall

The 9th International Conference on Analysis of
Discontinuous Deformation, 2009.
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Distinct Element Analysis for Progressive Failure
in Rock Slope

Tsuyoshi NISHIMURA, Kouji Tsujino and Tsuyoshi
FUKUDA" (*Geoscience Laboratory)

Japanese Geotechnical Society, Proceedings of the
International ~ Symposium on  Prediction and
Simulation Methods
Prediction and Simulation Methods for Geohazard

Mitigation, pp.173-178. 2009.5.

for Geohazard Mitigation,

An Investigation of Numerical Damping for
Modeling of Impact

Tsuyoshi NISHIMURA

Society for Rock Mechanics & Engineering Geology
SRMEG), of the 9th

Conference on  Analysis  of

(Singapore, Proceedings
International
Discontinuous Deformation, “New Developments and

Applications”. pp. 387-394, 2009.11.

Development of N-line numerical model
considering the effects of beach nourishment
Shibutani, Y., Kuroiwa,M. Matsubara,Y., Kim,M.
and Abualtaef,M.

Journal of Coastal Research Special Issue 56,

pp.554-558, 2009

Three-dimensional numerical model for predicting
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beach evolution after sand nourishment
Kuroiwa,M., Shibutani,Y. and Matsubara.Y
Proceedings of the 5th International Conference on
Asian and Pacific Coast. Vol.4, pp.280-287, Oct.,2009

Applicability of 3D morphodynamic model to
medium-term beach evolution

AHMED Khaled Seif,A. Kuroiwa,M., Abualtyef, M.
and Matsubara,Y.

Proceedings of the 5th International Conference on
Asian and Pacific Coast, Vol.4, pp.287-294, Oct.,
2009

N-line model for  predicting beach
sedimentation in nourished beach with sand of
mixed grain size

Shibutani, Y., Kuroiwa,M. and Matsubara,Y.
Proceedings of the 5th International Conference on
Asian and Pacific Coast, Vol.4, pp.301-307.,

Oct.,2009
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Conditions of fault rupture and site location that
generate damaging pulse waves

Kagawa, T.

6th International Conference on Urban Earthquake
Engineering, pp. 53-58, Mar. 2009.

Study on probabilistic earthquake hazard analysis
applying the fault rupture model

Kagawa, T.
SAFETY, RELIABILITY AND RISK OF
STRUCTURES, INFRASTRUCTURES AND

ENGINEERING SYSTEMS, CRC Press, CD-ROM,
Sep. 2009.
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Modification of the Network-MT method and its
first application in imaging the deep conductivity
structure beneath the Kii Peninsula, southwestern
Japan

Yamaguchi S.*1, Uyeshima M.*2, Murakami H.*3,
Sutoh S.*1, Tanigawa D.*1, Ogawa T.*2, Oshiman
N.*4, Yoshimura R.*4, Aizawa K.*4, Shiozaki I.,
Kasaya T.*5(*1 Kobe Univ, *2 Univ Tokyo, *3 Kochi

Univ, *4 Kyoto Univ, *5 JAMSTEC)
Earth Planets and Space, Vol.61, No.8, pp. 957 - 971,
2009

Magnetotelluric transect across the Niigata-Kobe
Tectonic Zone, central Japan: A clear correlation
between strain accumulation and resistivity
structure

Yoshimura, R.*1, Oshiman, N.*1, Uyeshima, M.*2,
Toh, H.*3, Uto, T.*1, Kanezaki, H.*3, Mochido, Y,
Aizawa, K.*2, Ogawa, Y.*4, Nishitani, T.*5,
Sakanaka, S.*5, Mishina, M.*6, Satoh, H.*7, Goto,
T.*8, Kasaya, T.*8, Yamaguchi, S.*9, Murakami,
H.*10, Mogi, T.*11, Yamaya, Y.*11, Harada, M.*12,
Shiozaki, I., Honkura, Y.*4, Koyama, S.*2, Nakao,
S.*1, Wada, Y.*1, Fujita, Y.*1

Geophysical Research Letters, Vol.36, L20311, Oct 23,

2009
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Estimation of S-wave Velocity Structure of Vertical
Section Orthogonal to the Fukui earthquake fault
based on microtremor observation

Kojima, K. and Noguchi, T.

International Conference on Performance-Based

Design in Earthquake Geotechnical Engineering, June.
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Operational software evaluation
based on the number of debuggings with two kinds
of restoration scenarios

K. Tokuno and S. Yamada

In Recent Advances in Stochastic Operations
Research II, T. Dohi, S. Osaki, and K. Sawaki, Eds.,
Part D, pp. 253-269, World Scientific, Singapore,

April 2009.

performance

Software assessment
imperfect debugging activities

S. Inoue and S. Yamada

reliability with 2-types

In Recent Advances in Stochastic Operations
Research II, T. Dohi, S. Osaki, and K. Sawaki, Eds.,
Part D, pp. 271-283, World Scientific, Singapore,
April 2009.

Flexible stochastic differential equation modeling
for open source software reliability assessment

Y. Tamura" and S. Yamada (*Yamaguchi University)
In Recent Advances in Stochastic Operations
Research II, T. Dohi, S. Osaki, and K. Sawaki, Eds.,
Part D, pp. 285-300, World Scientific, Singapore,
April 2009.

Software performability measurement based on

availability model with user-perceived
performance degradation
K. Tokuno and S. Yamada
In Advances in Software Engineering
(Communications in Computers and Information
Sciences 59), D. Slezak, T.-H. Kim, A. Kiumi, T.
Jiang, J. Verner and S. Abrahdo, Eds, pp. 264-271,

Springer-Verlag, Berlin, December 2009.

Optimisation analysis for reliability assessment
based on stochastic differential equation modeling
for open source software

Y. Tamura” and S. Yamada (*Yamaguchi University)
International Journal of Systems Science, Vol. 40,
No. 4, pp. 429-438, April 2009.

Bayesian optimal release time based on inflection
S-shaped software reliability growth model
H.S. Kim™', D.H. Park™, and S. Yamada (*l Customs

and Trade Laboratory, Korea Customs and Trade
Development Institute, > Hallym University, Korea)
IEICE Transactions on Fundamentals of Electronics,
Communications and Computer Sciences, Vol. E92-A,
No. 6, pp. 1485-1493, June 2009.

Software reliability measurement based on a
discrete binomial model with program size

S. Inoue and S. Yamada

Asia-Pacific Journal of Industrial Management, Vol. I,
Issue 1, pp. 78-85, 2009.

Software reliability measurement with change of
software failure-occurrence phenomenon

S. Inoue and S. Yamada

Asia-Pacific Journal of Industrial Management, Vol. I,
Issue 1, pp. 86-92, 2009.

Performability modeling for software system with
performance degradation and reliability growth

K. Tokuno and S. Yamada

IEICE Transactions on Fundamentals of Electronics,
Communications and Computer Science, Vol. E92-A,
No. 7, pp. 1563-1571, July 2009.

Stochastic differential
software reliability model
PK. Kapur*l, S. Anad*l, S. Yamada, and V.S-S.
Yadavall™' ("' University of Delhi)

Mathematical Problems in Engineering, Vol. 2009,
Article ID581383, 15pp, 2009, doi:
10.1155/2009/581383.

equation-based flexible

Debugging process-oriented discrete software
reliability modeling

S. Inoue, N. Iwamoto, and S. Yamada

International Journal of Reliability, Quality and
Safety Engineering, Vol. 16, No. 4, pp. 357-370,

August 2009.

An embedded OSS reliability and optimization and
incorporating imperfect debugging

Y. Tamura” and S. Yamada (" Yamaguchi University)
International Journal of Reliability, Quality and
Safety Engineering, Vol. 16, No. 4, pp. 371-384,
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Lateral Deformation due to Drying and Shearing in Triaxial Compression Test of Unsaturated Soil

Masayoshi SHIMIZU"', Katsuo SHIMOGAKI"' and Yasuhiro KIMACHI >
“'Department of Management of Social Systems and Civil Engineering
Graduate School of Engineering, Tottori University
"2 Department of Civil Engineering, Faculty of Engineering, Tottori University

Tottori, 680-8552 Japan
E-mail: mshimizu@cv.tottori-u.ac.jp

Abstract: The application of suction on a saturated soil specimen consolidated in an oedometer may cause the lateral shrinkage and

therefore the condition of the one dimensional compression will not be implemented. This study tries to simulate such situation using

triaxial testing apparatus and to quantify the lateral deformation due to drying and shearing. Main conclusions are as follows: (1)

lateral shrinkage occurs when suction is applied under the anisotropic stress condition, and (2) with increasing the shear stress, the

lateral compressive strain, which occurred due to the drying, will reduce and, at some raised level of the shear stress, it will turn to be

expansive.

Key Words:, Triaxial tests, Unsaturated soil, Suction, Anisotropic consolidation, Lateral strain
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