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Shanghai institute of ceramics, Chinese academy of science
Jianding Yu(p.8)

Laboratory for Materials and Structures, Collaborative Research Projects No0.12

International CRP 2019 —Category A
Single crystal growth of k-Al,O,-type multiferroic oxides
Jianding Yu (SICCAS)

Project Coordinator Name:
MSL Faculties: Misturu ltoh

- Aims of Research -

The project aims to explore novel functionalities of multiferroic k-Al,O, type oxides by novel techniques. k-
AlL,O; type multiferroic oxide Sc,Ga,_,Fe .03 single crystals were grown by laser-heated and optical
floating zone method to investigating the theoretical prediction ferroelectricity and explore new mechanism
for novel functionalities of multiferroic oxides.

- Results -

A series of high-quality Sc,Ga,_,Fe 03 single

crystals were grown by FZ method. The
orthorhombic structure Pna2, confirmed by X-ray
diffraction and excellent composition homogeneity
was demonstrated by EDX. Rietveld analysis
show that all cell parameters increase with the
increase of Sc content. Moreover, leakage current
density decreases by four orders of magnitude
because of the doping of Sc. As results, it allows
to measure the ferroelectric hysteresis loop of the
samples at liquid nitrogen and showed a

theoretical prediction large residual polarization. s
high as 25uC/cm?2.

(a) single crystalline boules of Sc,Ga;_,Fe 0
(x=0-0.35). (b) Laue spot pattern of x=0.35.
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University of St Andrews
Phil D.C. King(p.10)

Laboratory for Materials and Structures, Collaborative Research Projects No. 47

International CRP 2019 —Category A

Exploration of Novel Quantum Materials
Project Coordinator Name: Phil D.C. King (University of St Andrews)
MSL Faculties: Takao Sasagawa

- Aims of Research -

Recently, the concept of single orbital-manifold band inversions occurring along high-symmetry lines in topological
electronic materials has been demonstrated, stabilizing multiple bulk and surface Dirac fermions [1]. In this work,
we further studied the underlying ingredients necessary to achieve such phases, and discuss their existence
within the family of transition metal dichalcogenides (TMDs).

- Results -

Figures show how the three-dimensional band
structures in TMDs naturally produce only small k,
projected band gaps, and demonstrate how these play
a significant role in shaping their surface electronic
structures (i.e. topological ladders and small k-
projected band gaps in PtSe, and PdTe,). (a) Orbitally
projected DFT calculation along the I'-A direction of
PdTe,. Bulk Dirac points (BDPs) and inverted band
gaps (IBGs) are labelled. (b) Corresponding surface
slab calculation along the in-plane directions.
Topological surface states, TSS1 and TSS2, are
labelled. (c) Constant energy k, - k, contours of PdTe,
produced by surface slab calculations. ((d)—(f))
Equivalent plots for PtSe,.
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Web page: https://www.st-andrews.ac.uk/physics/condmat/arpes/index.html
[1] M.S. Bahramy, K. Okawa, M. Asakawa, T. Sasagawa, P.D.C. King et al., Nature Materials 17, 21 (2018).
[2] O.. Clark, K. Okawa, T. Sasagawa, P.D.C. King et al., Electron. Struct. 1, 014002 (2019).
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Huazhong University of Science and Technology
Zewen Xiao(p.12)

Laboratory for Materials and Structures, Collaborative Research Projects No.20
International CRP 2019 —Category A
P-type dopability of quadruple perovskite chlorides

Project Coordinator Name : Zewen Xiao (Huazhong University of Science and Technology)
MSL Faculties: Toshio Kamiya and Takayoshi Katase

- Aims of Research -

Quadruple perovskite chlorides have previously been predicted to be the top p-type transparent
conductors, which attracts a lot of attention. The project aims to verify the p-type dopability of quadruple
perovskite chlorides and to reveal the underlying mechanisms by combining experimental
characterizations and hybrid density functional theory (DFT) calculations.

- Results -

The optical and electrical characterizations reveal that these
materials are optically transparent but electrically insulating, which
contradicts the previous prediction. The hybrid DFT calculations
show that the difficulty in forming p-type doping in these compounds
is because of the easy formation of the compensating n-type intrinsic
defects in the p-type region, which is resulted from too deep valence
band maximum levels. We further demonstrate that the bandgap
underestimation associated with the semilocal DFT and the
unintentional chemical boundary overestimation should be the origins = .
of the p-type conductivity predicted previously. Our results highlight ¥ T DR e boundary
the importance of reasonable bandgap description and chemical Ny = 13510 em®

Er=0540V £:=0266V

boundary determination in predicting defect thermodynamics. Z:mvwogw E-=0ey

N, = 8.6x10% em™®

VBM

Sanlue Hu, Bing Xia, Yang-Peng Lin, Takayoshi Katase, Jun Fujioka, Toshio Kamiya, Hideo Hosono, Ke-Zhao Du, and Zewen Xiao*: p-Type Transparent Quadruple
Perovskite Halide Conductors: Fact or Fiction? Advanced Functional Materials, 2020 (In press).
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Technical University of Civil Engineering Bucharest
Andreea CASUTA(p.15)

Materials and Structures Laboratory, Collaborative Research Projects No.214

International CRP 2019 — Category B
Enhancing seismic behavior of timber structures

Project Coordinator Name: Andreea Casuta
MSL Faculties: Associate Prof. Shoichi Kishiki

The purpose of the project is to share information on the seismic behavior of timber structures researched in both Romania and Japan and to
exchange successful practices applied for such structures for seismic resistance. Thus, a small reaction frame for testing timber connections was
designed and made in Romania, with the assistance of the Japanese side. By means of this testing facility, timber connection tests could be
conducted corresponding to the project that was ongoing on timber shear walls. The results were used for numerical analysis to model a timber wall
test, the one which showed the best behavior during the experimental study.

- Results -

The numerical analysis was done in a commercial software, SCIA, in order
to be more accessible for engineers and practitioners. The overall model
scheme is shown hereby, in the left photo. The analysis was push-over
type, simulating the wall experiment and results compared to the
experimental envelope are shown in the right photo.

The project helped to accomplish the model, which showed good matching
results with the experimental envelope curve, and can be easily
reproduced by engineering professionals due to its simplicity.

The timber wall presented, which was proposed as a good solution for new
residential houses, aims at reducing as much as possible the human error
in manufacture, and thus has very simple and effective details that can be
built by unskilled workers [1].

—Experiment —SCIA NEW

References
[1] http://trarom.utcb.ro/ (24.04.2019)
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University of Wyoming
David Mukai(p.18)

Laboratory for Materials and Structures, Collaborative Research Projects No.203

International CRP 2019 —Category B
Numerical Modeling and Simulation of Rocking Walls with Energy Dissipators

Project Coordinator Name: David Mukai (University of Wyoming)
MSL Faculties: Susumu Kono and Taku Obara

- Aims of Researc

In this project, the team will develop numerical models for rocking walls with energy dissipators and use these models to carry out simulations of
these walls. These simulations will be callibrated with experimental work already conducted by the Kono group. After being callibrated, these models
will be used to carry out multiple simulations to better understand the behavior of these walls, optimize the walls (particularly the energy dissapators),
and ultimately impact the design of rocking walls with energy disspators. The societal impact will be lives saved, valuable infrastructure preserved,
and recovery from earthquakes made quicker.

- Results -

Axial Force

Four hybrid rocking walls with dampers were tested and compared l Flexural Spring (Flange)

Shear Force g=
to a rocking wall without dampers and a traditional shear wall. Three Slip Spring Slip Spring

hybrid rocking walls were modeled numerically. The results are: I | i st (o length) o Jength)
Element

« The hybrid rocking walls had low damage, but axial force ; "N Shear Sprc
transmitted from the dampers accelerates compressive concrete b 9 (WCE) 8
damage. The hybrid rocking walls were able to achieve higher > . Flexural Spring (Flange)
drifts than the traditional shear walls for both Serviceability and ] Longitudinal (o) daouper:
Repairability limit states. Beliueoncst
The numerical model captured shear-drift relations at all drift
levels. Moreover, they modeled residual drift angle, concrete M\E"‘iﬁggi‘n&;
strain, pre-tensioning tendon force with good accuracy up to a \ \ e 5
drift of 2%. ! Confined 50(SH)  Unconfined
The numerical model captured damage conditions and limit ‘ smmn (©) Muli Spring Hcms;"“’“‘e
states for the hybrid rocking walls. (a) Overall modeling

950

Numerical model of hybrid walls (Obara)
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National High Magnetic Field Laboratory Florida State University
Dragana Popovié(p.20)

Laboratory for Materials and Structures, Collaborative Research Projects No. 48

International CRP 2019— Category B

Magnetotransport Studies of Collective Dynamics

in Highly Correlated Electron Systems

Project Coordinator Name : Dragana Popovi¢ (Nat. High Mag.Field Lab.)
MSL Faculties: Takao Sasagawa

- Aims of Research -

The phase diagram of underdoped cuprates in a magnetic field (H) is key to understanding the anomalous
normal state of these high-temperature superconductors. However, the upper critical field (H,,), the extent
of superconducting (SC) phase with vortices, and the role of charge orders at high H remain controversial.

- Results -

~Tco

We study stripe-ordered La-214 (LESCO:
La, ;Eu,,Sr4Cu0O, and LNSCO : La; 44Nd, 4,Sry 4,Cu0y),
i.e., cuprates in which charge orders are most

Gaussian SC 0~
fluctuations ’—?OT“ H.'

-Tso

Vortex s e

pronounced and zero-field SC transition temperatures
T, are lowest. This enables us to explore the vortex

phases in a previously inaccessible energy scale window.

By combining linear and nonlinear transport techniques
sensitive to vortex matter, we determine the T-H phase
diagram, directly detect H,, and reveal novel properties
of the high-field ground state. Our results demonstrate
that quantum fluctuations and disorder play a key role as
T—0, while the high-field ground state is likely a metal,
not an insulator, due to the presence of stripes.
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[1] Z. Shi, P.G. Baity, T. Sasagawa, and D. Popovi¢, Science Advances 6, eaay8946 (2020).
[2] P.G. Baity, T. Sasagawa, and D. Popovic, Phys. Rev. Lett. 120, 156602 (2018).

ER£EHZE B
University of Peradeniya
H.A.D. Samith Buddika(p.22)

Laboratory for Materials and Structures, Collaborative Research Projects No.201

International CRP 2019 —Category B
Evaluation of Residual Drift Demands in Self-Centering Rocking Walls for
Performance-based Seismic Assessment

Project Coordinator Name: H. A. D. Samith Buddika
MSL Faculties: Susumu Kono

- Aims of Research -

The aim of this research is to propose a residual drift spectrum for self-centering rocking walls for performance-based
seismic assessment.

- Results -

The residual wall drift increases as the maximum wall drift
increases. Residual drift demands for 4-, 8-, and 12-story billings
are less than 0.1% even after sustaining walls drifts more than
3%. Residual drift values decrease as the building height
increases. This demonstrate the ability of the PH precast
concrete walls to undergo larger lateral deformations without
sustaining permeant deformations under earthquake loading and
also the possibility of incorporating these systems into mid-rise
buildings. Cyclic loading tests of self-centering rocking walls has
been extensively carried out by Prof. Kono in the MSL. Residual
deformations observed in those tests could be due to the
absence of the dynamic shake-down effects. Hence, target
maghnitude of the residual deformation need not to be taken as a
design factor if the PH precast walls are designed with
appropriate amount of energy dissipation devises as per design 0 : ‘ J
guidelines and by preventing premature yielding of post-tension e
tendons and crushing of confinement concrete at the wall-

foundation interface.

4-Story PH Precast Wall 8-Story PH Precast Wall

Residual Drift (%)

4 6
Wall Drift (%)

Residual Drift (%)

[y =0.0106x-0.004]
R®=0.9245

Ongoing under graduate research project at university of Peradeniya
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State University of New York at Binghamton
In-Tae Bae(p.28)

Laboratory for Materials and Structures, Collaborative Research Projects No.69

International CRP 2019 —Category B
Evaluation of lattice strain effects within epitaxially grown multiferroic films

Project Coordinator Name: In-Tae Bae (State University New York at Binghamton)
MSL Faculties : Shintaro Yasui

- Aims of Research -

This project aims to develop a novel method that can unambiguously answer the questions of: (1) how the
crystal structure of epitaxially grown BiFeO; (BFO) is affected by lattice mismatch with substrate?, (2) how
can we quantitatively evaluate the amount of lattice strain in terms of biaxial in-plane as well as uniaxial out-
of-plane orientation?

- Results -

Two different single crystalline oxide substrates, i.e., Lay gSr, sMnO4(LSMO)/SrTiO4(STO) and YAIO; (YAO)
are used to grow BFO films by ultra high vacuum r.f. sputtering technique to study. Cross-sectional
transmission electron diffraction patterns in tandem with structure factor calculation demonstrate the
existence of rhombohedral signature reflections, indicating both of the BFO films possess rhombohedral
crystal structure with R3c space group. Cross-sectional atomic resolution scanning transmission electron
microscope (STEM) image shows atomistically coherent BFO/LSMO interface with no sign of dislocation.
This indicates that the lattice strain caused by the lattice mismatch with LSMO/STO substrate is stored as
elastic energy within BFO film. On the other hand, cross-sectional bright-field TEM image of BFO grown on
YAO substrate readily shows domain boundaries and dislocations within the BFO film, indicating lattice
strain is not stored within the BFO film, but relaxed. X-ray reciprocal space mapping technique reveals that
~1.0 % of compressive biaxial strain applied by LSMO/STO substrate exerts ~2.4 % of uniaxial tensile strain
along out-of-plane orientation. The epitaxial relationship between BFO film and YAO substrate is analyzed
by nanobeam electron diffraction technique. Based on this result, the lattice mismatch between BFO film is
calculated ~6.8%, which is considered too large to be stored as elastic energy within epitaxially grown BFO.*

* |-T Bae et al., “Short range biaxial strain relief mechanism within epitaxial grown BiFeO,”, Scientific Reports 9, 6715 (2019).
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Institut Teknologi Bandung
Iswandi Imran(p.31)

Laboratory for Materials and Structures, Collaborative Research Projects No.208
International CRP 2019 —Category B
Improving the Resilience of Buildings and Infrastructures in Seismic Prone Countries;
A Case of Indonesia
Project Coordinator Name: Iswandi Imran (Institut Teknologi Bandung)
MSL Faculties : Susumu Kono

- Aims of Research -

This project aims to formulate the strategies to improve the resilience of infrastructures in Indonesia. The
information on the correlation between building/infrastructure damages due to recent earthquakes in
Indonesia (i.e. Lombok and Palu earthquakes) and the consistency in applying relevant building codes in
the design of those buildings/infrastructures will be used as the first step in formulating the strategies.
This information contains basically insight and lesson learned from the performances of buildings, bridges
and other infrastructures in the seismic affected zone.

- Results -

The design and construction of building structures resilient to potential natural disaster should be carried
out consistently and properly. To minimize damages on buildings and infrastructures (especially the critical
infrastructures) during earthquakes, the relevant design and construction codes such as seismic loading
code, building design codes, construction code etc. shall be consistently implemented in the design
process and the construction activities. In addition, as there were also some lessons learned obtained from
each seismic event, it is important then to follow them up in research activities and ultimately in updating
the relevant codes and seismic hazard maps needed for design and construction. This is one of the
important steps to improve seismic resilience of buildings and infrastructures in Indonesia.

ER£EHZE B
Institute of Fluid Physics, China Academy of Engineering Physics Southwest University of Science and Technology
Jianbo HU(p.34)

Laboratory for Materials and Structures, Collaborative Research Projects No.80

International CRP 2019 —Category B

Ultrafast phonon dynamics in inorganic solids

Project Coordinator Name: Jianbo HU (China Academy of Engineering Physics)
MSL Faculties: Kazutaka NAKAMURA :

- Aims of Research -
The aim of this project is to elucidate the ultrafast dynamics of optical phonons in inorganic materials, such

as polar semiconductors, wide bandgap materials and oxides within picosecond time range using
femotosecond infrared pulses.

- Results -

We have performed ultrafast transient reflectivity
measurements on a single crystal of 4H-SiC, which is
materials used as power-semiconductor devices, using
infrared femtosecond pulses (pulse width ~40 fs).

Intensity (AR/R)

The obtained transient signal (Fig. 1) shows clear -1.0x10°

coherent oscillation with 6.0 THz due to the zone-folded ‘ . ‘
acoustic phonons. The estimated lifetime form a decay 2 4 6
of the intensity was 56 ps, which is approximately 10 Pump-probe delay (ps)

times larger than that of the longitudinal optical
phonons. Fig.1 transient reflectivity from 4H-SiC
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Institute of Physics, Chinese Academy of Science
Jiangang Guo(p.36)

Laboratory for Materials and Structures, Collaborative Research Projects No.39

International CRP 2019 — Category B

Structure and Properties of New Quantum Materials

Associate Prof. Jiangang Guo, Institute of Physics, Chinese Academy of Sciences
MSL Faculties: Takayoshi Katase

- Aims of Research -

It is argued to emerge anionogenic ferromagnetism and half-metallicity in the interface of KO,/BaO,
through double exchange interactions of O,> and O, from the first principles calculations. A question
arises, is a long-range FM ordering possible in a bulky molecule oxygen containing compound as in a 3d
metal counterpart? If so, can a half metal be evolved from the FM? This is of importance in further
understanding the interaction behavior among these local moments carried by O, dimers.

- Results -

we show that a-BaNaO, is a half-metal. It is energetically
favorable, lattice-dynamically, mechanically and thermally- Locs )
dynamically stable. It possesses robust FM ordering with a T, of 1 o

120 K. The partially occupied T orbitals in the metallic channel

and fully occupied 1 orbitals in the semiconducting channel is © @ o
the origin of half-metallicity. Unlike previously reported AO, (A=K, ok;iM'Q‘O e
Rb, Cs) with AFM orderings between (001) layers through ik ! qc’
indirect exchange interactions, the O, dimer layers in a-BaNaO, o oo 0,7{‘1 of
coupled ferromagnetially through direct interactions with head- “; ARM2,
to-head alignment along the [001] direction. Our work provides o ol®
new insights in exploring the FM and half-metallicity in O,-dimer- ot
containing compounds.

6

AE (eV/atom)

Molecule Oxygen Induced Ferromagnetism and Half-metallicity in a-BaNaO4: A First Principles Study, J. Am. Chem. Soc. 142, 5234-5240 (2020) by J. Deng, J. G. Guo*
and X. L. Chen*
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University of Auckland
Ken Elwood(p.39)

Laboratory for Materials and Structures, Collaborative Research Projects No.204

International CRP 2019 — Category B
Detailed assessment procedure for residual capacity of reinforced concrete buildings

Project Coordinator Name: Kenneth J. Elwood, University of Auckland, NZ
MSL Faculties: Susumu Kono

- Aims of Research -
Identify the factors influencing the residual capacity of epoxy-repaired RC plastic hinges.

Determine influence of residual deformations at the time of repair on future seismic performance.
Assess the recovered stiffness achieved in epoxy-repaired plastic hinges.

(a) (b)

(©)
LD-2 LD-2-R CYC-NOEQ
(unrepaired after EQ) (repaired after EQ)  (undamaged prior to cycling) Observations:

- Axial elongation after earthquake loading

(red) is “locked in” by epoxy repairs.

Total strain experienced by reinforcement

in repaired plastic hinges will be larger

than in an undamaged plastic hinge due to

locked-in strain from initial damaging
l,Aluh\]Hllﬁl"i,) ¥ earthquake'
i romeoawee | Marder, K., et al (2020). Quantifying the effects of
5 ientiea ranhres | apoxy repair of reinforced concrete plastic hinges.

specimens

Lateral drift (%) Lateral drift (%) Bu”etln Of NZSEE, 531 37_51 .

Initial EQ loading Cyelic loading Eq. (1) Eq. (2)
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University of Naples Federico Il
Marco Di Ludovico(p.45)
Laboratory for Materials and Structures, Collaborative Research Projects No. 206
International CRP 2019 — Category B
Behavior of RC columns under biaxial shear and bending
moment

Project Coordinator Name: Marco Di Ludovico (University of Naples Federico Il)
MSL Faculties: Susumu Kono

- Aims of Research -

The research project aimed at investigating the behavior of reinforced concrete (RC)
columns under simultaneous horizontal actions and axial load that induce biaxial shear
and bending in those members

- Results -

From the few experimental results available in literature for columns subjected
to biaxial shear, this loading condition slightly affects the shear capacity of RC
columns. Few numerical/analytical tools and models have been developed so
far, mainly based on mechanical considerations on the reduced performance
of concrete in the case of biaxial solicitations. However, the lack of a proper
validation of these models against experimental results make their reliability
and accuracy still not acceptable for assessment purposes. Based on
experimental results, the circular interaction domain suggested by the JSCE
represents a good balance between reliability and low computational effort.

EX£ R B
University of Washington
Marc O. Eberhard(p.47)

Laboratory for Materials and Structures, Collaborative Research Projects No.205
International CRP 2019 — Category B

Seismic Shear Failure in Reinforced Concrete Columns

Project Coordinator Name:Marc Eberhard (Univ. of Washington)
MSL Faculties: Susumo Kono

- Aims of Research -

The project aims to develop a versatile methodology that can evaluate the likelihood that a reinforced
concrete column will fail in shear when it is subjected to deformation reversals, such as would occur
during and earthquake.

- Results -

Based on experimental results, a model has been developed to describe the shear force-deformation
curve for reinforced concrete columns subjected to deformation that are not necessarily parallel to one of
the column faces.

loading direction
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The University of British Columbia
Tony T.Y. Yang(p.56)

Laboratory for Materials and Structures, Collaborative Research Projects No.207

International CRP 2018 —Category B
Development of innovative dampers for seismic applications,

Name:Tony T.Y. Yang (University of British Columbia) msL Facuity:
KONO Susumu

Aims of Research

The aim of the research is to develop high performance metallic damper for earthquake engineering applications.
Upon successful implementation, this research will facilitate high-performance earthquake-resilient buildings to
be construction in Canada, Japan and elsewhere.

In this research, a simple metallic damper, named Welded Wide Slendemess Ratio
Flange Fuse (WWFF), is proposed. WWFF utilizes the commonly -
available welded wide flange section to dissipate the earthquake
energy through shear yielding of the web in the longitudinal direction,
while the flanges remain elastic. WWFF offers many advantages: 1)
The use of the welded wide flange sections makes the WWFF very 3 i
easy to be fabricated into any shapes; 2) the use of the welded plate e e T E
as the web of the WWFF makes the WWFF very stiff and very efficient Drift raso. 1 [r2d] Dt o, 1 lrad] Drift rato, 1 [r2d]
to dissipate stable earthquake energy; 3) WWFF is designed to be

easily replaceable, hence making the structure equipped with WWFF
more resilient towards future earthquakes. In this research, detailed
experimental testing was conducted. The result shows that the newly : : :
proposed WWFF has high stiffness and stable energy dissipation u ,v[,fa; e 7[(:;] o ’v[:d;
capacity, where WWFF can be used as a cost effective and efficient 052 sh "
metallic damper.

foree, V [KN]
hear foree, V (K
foree, V [KN]

Aspect Ratio

Loading direction

" Elastic

T Inelastic

01 0 o1 K 0
Gy Drift ratio, 7 [rad] Drift ratio, 7 [rad]

Figure 1: Concept of WWFF Figure 2: Force-deformation response of WWFF

ER£EHZE B
School of Physical Science and Technology, ShanghaiTech Univerisity
Yanpeng Qi(p.59)

Laboratory for Materials and Structures, Collaborative Research Projects No.40

International CRP 2019 — Category B
Exploration Novel Superconductors with Abundant Element using HPHT Method

Project Coordinator Name: Yanpeng Qi (ShanghaiTech Unversitiy)
MSL Faculties: Takayoshi Katase :

- Aims of Research -

The target of this project is exploration novel superconductors with Abundant Element using high pressure
high temperature methods and investigation the exotic properties of the new superconducting materials. In
particular, Exploration the relation between structure and superconducting properties and try to improve
superconducting transition temperature.

- Results -

We report the discovery of superconductivity in W;AI,C (T,=7.6 K) «
synthesized by high-pressure method. W,AI,C is isostructural

to Mo,sAlL,C (space group P4,32) but with stronger spin-orbit {1
coupling (SOC). The realization of superconductivity by .| [/ [ =] o7

Hy>10T

replacing 4d Mo toward 5d W provides a candidate for the search =y R
of potential triplet superconductors with enhanced SOC. In T
addition, we successfully extract Al from M;ALL,C (M= Mo, W) by Lo
applying a chemical etching method and discovery of an 1o 05 N
anomalous charge state evolution, where electron doping can be ) W, oo () f iL
achieved through “oxidation”. Specially, with the continuous A oe M\k
removal of electron donor (Al) from the structure, we found an A
electron doping effect in the negatively charged transition metals.
The peculiar charge state in M;ALC plays an important role in
both its structure and superconductivity. gindng Eneroy (V)
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Dalian University of Technology
Yao CUI(p.62)

Laboratory for Materials and Structures, Collaborative Research Projects No.210

International CRP 2019 — Category B
Seismic Performance of Exposed-Type Column Base Connections

with Flexible Base Plate

Project Coordinator Name:Yao Cui (Dalian University of Technology)
MSL Faculties: Satoshi Yamada;

- Aims of Research -

This project focused on the effect of the width-to-thickness ratio and cross-sectional area of the bar-type
fuse on the seismic behavior of the proposed exposed column base. Based on a series of quasi-static
tests, the failure mode, moment strength and energy dissipation of the proposed column base were
discussed. This study will lead to a better understanding of the proposed column base.

- Results -

1. Under combined axial and flexure load, the behavior of

the exposed column base with bar-type fuse was

dominated by rotation. This type of exposed column base §&

exhibited excellent self-centering behavior without &=

compromising the energy absorption.

2. As the width-to-thickness ratio increased from 2.86 to

8.75, the reduction in the maximum moment strength and ‘ 150" ms6T10
energy absorption when the drift angle reached 0.03 rad o190l ~B40T14
was 14% and 28%. _ i £ oo L BroT
3. Specimen B70T14 developed as much as 24% and z g
25% larger maximum moment strength and energy
absorption than those of Specimen B56T10 due to the
use of larger bar-type fuse, respectively.

0.10 0.15

Yao Cui, Fengzhi Wang, Hao Li, (2019). Satoshi Yamada. Rotational behavior of exposed column bases with different base plate thickness. Steel &
Composite Structures, 32(4), 497-507.

ER£EHZE B
Institute of Physics, Chinese Academy of Sciences
Youwen Long(p.66)

Laboratory for Materials and Structures, Collaborative Research Projects No.1

International CRP 2019 — Category B

High-pressure synthesis and charge state study of PbFeO,

Project Coordinator Name Youwen Long (Insititute of physics, CAS)
MSL Faculties:Masaki Azuma

- Aims of Research -

This project aims to apply high pressure and high temperature conditions to prepare a single-phase
PbFeO,; sample, and then investigate the detailed charge states for Pb and Fe both at different
temperatures by a series of synchrotron-based spectroscopy methods. It is highly expected to find exotic
charge states as well as the temperature-induced charge combination transition in this compound.

- Results -

High-quality PbFeO, perovskite samples with a good
single phase was obtained. By means of synchrotron x-
ray diffraction and absorption studies, we determined
the detailed crystal structure and charge states of both
Fe and Pb. An unusual 2a,X6b,x2c, orthorhombic
super unit cell with Cmcm space group and charge
disproportionation state Pb?*; ;Pb**,;Fe®*O,; were
confirmed for the first time. Unique long-range column-
like charge ordering was discovered in this system,
which is very different from orther Pb-based materials.
Melting of Pb charge ordering wasn’t observed while the
sample was heated up to 740 K.
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Institute of Engineering Mechanics, China Earthquake Administration
Zhe Qu(p.69)

Laboratory for Materials and Structures, Collaborative Research Projects No.213

International CRP 2019 — Category B
Effect of cumulative heat on hysteretic behavior of structural steel

in energy dissipating devices
Project Coordinator Name: Zhe Qu

MSL Faculties: Shoichi Kishiki
- Aims of Research -

The activities in 2019 aimed at analyzing the results of a previous test on buckling restrained braces to see
if its dynamic behavior can be predicted by existing models. This may provide a clue for better
understanding and even modelling the heat effect on the hysteretic behavior of metallic dampers.

- Results -
The effect of dynamic loading on the cumulative deformation capacities of BRBs is negligible. The
cumulative plastic strain at fracture can be well estimated by an existing empirical model that considers the
effect of the loading path but is independent of the strain-rate effect. 3000
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Effects of strain rate on the hysteretic behavior of buckling restrained braces. ASCE Journal of Structural Engineering, 146(1), 2020: 06019003.

Please fill information such as URLs, research papers, etc., which you wish to publicize, in this section.

ER£EHZE B
Zynergy Technology Incorporation
Zhipeng Li(p.72)

Laboratory for Materials and Structures, Collaborative Research Projects No.68

International CRP 2019 — Category B
All Solid State Thin Film Solid Oxide Fuel Cell

Project Coordinator Name : Zhipeng Li
MSL Faculties :Shintaro Yasui

- Aims of Research -

We aim to reduce the operating temperature of traditional SOFC, and to develop new intermediate-temperature SOFC, which can work at 500 — 800
°C. One promising and efficient way is to reduce the thickness of electrolyte, resulting in the developing of thin film SOFC in recent years. Therefore,
in this research program, we try to use thin film technique to develop all solid state thin film SOFC devices. The pulsed laser deposition (PLD) has
been widely used as the robust and efficient thin film technique in energy-related materials systems, such as lithium ion battery. We hence try to
apply this technique to be used for thin film SOFC fabrication in order to develop high quality thin film SOFC devices.

- Results -

First of all, we designed the all state thin film SOFC structure as shown in
Figure 1. Si is the substrate, etched by reactive ion etching (RIE).
Subsequently, the anode, electrolyte and cathode thin films are deposited p——
by PLD layer by layer. Finally, the top layer is deposited to cover the
surface. The anode is mixed with NiO, and YSZ, and the electrolyte is

pure YSZ thin film, followed by the cathode which we used LaSrMnO, in
this study. After all thin film deposited by PLD on Si substrate, we try to
pattern each cell individually on the Si substrate. The RIE process was
applied to pattern each unit cell. Figure 2 demonstrates a typical example
of such a SOFC unit cell after patterning. For the first step, we have
successfully designed new all solid thin film SOFC structures. With this
thin film SOFC structures, we can use different thin film deposition
techniques for such an approach. The PLD technique was applied in this
study. From our preliminary result, it shows that PLD technique is
promising to deposit all SOFC electrode and electrolyte materials on the
substrate. For the following study, we will develop optimized methods to
fabricate all solid thin film SOFC by this approach.

Cathode (LaSrMnOX)

Electrolyte (Y5Z)

Anode (NiO+YSZ)

Si Substrate

Figure 1 Schematic diagram of
all state thin film SOFC.

Figure 2 AFM imaging of a SOFC
single cell after patterning.
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FEFREMX : Single-Molecule Single-Electron Transistor (SM-SET) based on ni-Conjugated Quinoidal-Fused Oligosilole and Heteroepitaxial Spherical Au/Pt Nanogap
Electrodes. Lee, S. J.; Kim, J.; Tsuda, T.; Takano, R.; Shintani, R.; Nozaki, K.; Majima, Y. Appl. Phys. Express 2019, 12, 125007.
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