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.J. Sung, Y. Mochizuki, and F. Oba, Phys. Rev. Mater. 4, 044606 (2020).

H
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Department of Physics, Renmin University of China

Hechang Lei (p.8)

Laboratory for Materials and Structures, Collaborative Research Projects No.14

International CRP 2020 — Category A
Field-induced topological Hall effect and double-fan spin structure with a c-axis

component in kagome antiferromagnetic compound YMnSn,

Project Coordinator Name: Hechang Lei
MSL Faculties: Toshio Kamiya

- Aims of Research -

The original target of this project is exploration novel frustrated magnetic topological semimetals with exotic physical
properties. Antiferromagnetic kagome metal YMnSng with T, ~ 359 K is a good candidate to study this issue. We synthesize
YMngSng single crystals by Sn flux method. Then study the AHE and THE by magnetotransport measurements. More
importantly, combined with neutron diffraction, we map out the phase diagram of py,T(B) and magnetic transitions to
further study the origin of THE.

- Results -

Kagome metal YMngSng shows a THE with in-plane magnetic field near room temperature, neutron diffraction results demonstrate that the
observed THE is related to the field-induced DFC magnetic structure. Such a structure can only happen when the long range c-axial AFM exchange
couplings are comparable with the in-plane ones. In addition, a large intrinsic AHE and anisotropic carrier type under different field directions have
been observed in the fully polarized PFM state. These results indicate that, in addition to spin skyrmions, THE can also be induced from a uniform
canted magnetic structure in a centrosymmetric lattice.

@ so t

PEW
B00] v

I i @ BLI0T T
.
.

Crystal structure and zero-field magnetic
structure of YMngSn,.

Ry (x10%cm?C") B

’ n
o~ from /M\X\_/g{“
—o- from 5,

80 120 160 200 240 280 3
T(K)

/‘v«WNM
*

—B from g,
—v— from g,

(g SN NI SN

80 120 160 200 240 280 32

0~ S0 100 130 200 250 300
TK)

T
AHE and THE of YMngSng.

§an=° 247
e=0.26m
o

pood
o T F PE
TAFW— BI[T00] i B[g0T )

0
v+ﬁ>“_’ ;* e
5% 2 fdossen ¥ i
T3 Ty ge-0306m
L=t e 1 @»
fp +—+ |22

Magnetic structure of YMngSng at 2K and 240K.

JBa=0261m

[ o T
0%

240 - 17 =

23 4
]




EEH£EHFEA
University of St Andrews

Phil D.C. King (p.12)

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

International CRP 2020 —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 -

We have demonstrated the concept of single orbital-manifold band inversions occurring along high-symmetry
lines in topological electronic materials, which stabilizes multiple bulk and surface Dirac fermions [1]. In this work,
we further studied the fundamental mechanisms driving the formation of kz-mediated topological ladders in the
context of the 1T-structured transition metal dichalcogenides (TMDs).

- Results -

Figure illustrates the energetic hierarchy of the

p-orbital-derived energy levels in TMDs at the

" and A points of the Brillouin zone, for the

relevant D3d octahedral symmetry, showing

how the combination of crystal field splitting

(CFS), spin orbit interaction (SOI), and

bonding-anti-bonding splitting leads to multiple

band crossings along [-A direction; some ¢
protected by rotational symmetry forming a : Eredreitd
bulk Dirac point (BDP) and some gapped by / ’&
SO, resulting in a local band gap with inverted g Tt g
parity (IBG). —

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.J. Clark, K. Okawa, T. Sasagawa, P.D.C. King et al., Electron. Struct. 1, 014002 (2019).

EEXRAZEB
Technical University of Civil Engineering Bucharest
Andreea CASUTA (p.14)

Laboratory for Materials and Structures, Collaborative Research Projects No.220

International CRP 2020 — Category B
Enhancing seismic behavior of timber structures

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

- Aims of Research -

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. Besides that, future collaboration is wanted, and for this purpose a project proposal was made,
with Romanian UTCB as coordinator, and with Tokyo Institute of Technology as partner institution.

- Results -

The project proposal contains three other partners: University Grenoble

Alpes (French), University of Minho (Portuguese) and the Buzau

municipality (Romanian).

The proposed project is submitted under the work program

H2020-LC-GD-2020 addressing the call “Building a low-carbon,

climate resilient future: Research and innovation in support of the

European Green Deal”, with the challenge to create a network of

Centers of Excellence for Sustainable Traditional Buildings in the X

participating EU countries (Romania, France, Portugal), competent and capable to engage the rural areas on a strategically
innovative path, based on the integrated competences created within the Teaming for Excellence between universities and
local administration.

In this project (if successful), Tokyo Tech will have the advisor role, and will help the project team (UTCB) with the structural
evaluation and experimental phase, including the acquisition part of the testing equipment.
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University of Wyoming
David Mukai (p.17)

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

International CRP 2020 — Category B
Numerical Modeling and Simulation of Rocking Walls with Energy Dissipators

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

- Aims of Research -

The aims of this research are to develop and calibrate a numerical model for rocking
concrete walls with energy dissipaters and apply this model to evaluate damage in
earthquakes.

- Results -
o —
The team was able to develop the numerical
model, calibrate it, use it to model structures, and
finally evaluate limit states of rocking concrete
walls with dissipaters.

Taku Obara , Susumu Kono & David Mukai (2020): Damage Evaluation
and Limit States of Rocking Concrete Walls with Energy Dissipaters,
Journal of Earthquake Engineering

Figure 12.Shearfoce (- drift ange (1) relatons.

https://doi.org/10.1080/13632469.2020.1835748
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National High Magnetic Field Laboratory, Florida State University
Dragana Popovié¢ (p.18)

Laboratory for Materials and Structures, Collaborative Research Projects No. 49

International CRP 2020 — 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 -

In underdoped cuprates, the interplay of the pseudogap, superconductivity, and charge and spin ordering
can give rise to exotic quantum states, including the pair density wave (PDW), in which the
superconducting (SC) order parameter is oscillatory in space. The purpose of this study is to test the
interlayer frustration, the crucial component of the PDW picture.

- Results -

We perform transport measurements on charge- LESCO, x=0.10
and spin-stripe-ordered La, ;Eu,,Sr, ,Cu0O, and
La; 4gNd 4Sr; 1,CuO, in perpendicular magnetic
fields (H,), and also with an additional field
applied parallel to CuO, layers (H,). We detect
several phenomena predicted to arise from the
existence of a PDW, including an enhancement of
interlayer SC phase coherence with increasing
H,. These data also provide much-needed
transport signatures of the PDW in the regime
where superconductivity is destroyed by quantum
phase fluctuations.

[1] Z. Shi, P.G. Baity, J. Terzic, T. Sasagawa, and D. Popovi¢, Nature Commun. 11, 3323 (2020).
[2] Z. Shi, P.G. Baity, T. Sasagawa, and D. Popovi¢, Science Advances 6, eaay8946 (2020).
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Universidad de Sonora
Francisco Brown (p.20)

Laboratory for Materials and Structures, Collaborative Research Projects No.2
International CRP 2020 —Category B
InABO, (A: trivalent cation element, B: divalent cation element) having the spinel
structure at elevated temperatures under high pressure

Project Coordinator Name: Francisco Brown (Universidad de Sonora, Mexico)
MSL Faculties: Masaki Azuma

Summary:

InFeZnO4, INnGaCo0O4 and InGaMgO4 were synthesized at 1300 °C in
air. InFeCuO4 was obtained at 1100 °C in air. The heating period was
(3+3) days for each compound. They have the YbFe204 type

structure. Next, the InFeZnO4, the INnGaCoO4, InNFeCuO4 and the
InGaMgO4 were heated under P=6 (GPs) at T=1100 (°C) and heating
period (minute)=30 (minute). In the InNFeZnO4 and the InGaCoO4, the
spinel phases were formed with some amount of impurity. In the
InGaCuO,, a liquid phase appeared. In the case of the InGaMgOa4,
there exists a small amount of impurity phase with the spinel phase
having a(A)=8.571. The lattice constant is nearly equal to the
averaged value of those of In2MgO4 and Gaz2MgOa4. We concluded,
the InGaMgO4 has an inversed spinel structure.

Efg £ R#HZEB
Institute of Engineering, Tribhuvan University
Gokarna Bahadur Motra (p.22)

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

International CRP 2020 — Category B
Retrofit of High-rise RC Buildings in Nepal

Project Coordinator Name: Gokarna Bahadur Motra
MSL Faculties: Prof. Susumu Kono

- Aims of Research -

The main aim of the project is to evaluate the effectiveness of conventional strengthening
techniques for high-rise buildings. Evaluate the possibility of using energy dissipative
devices in high-rise buildings in Nepal

- Results -

Model-1 consists of the high-rise building with infill masonry walls. Model-2 consists of
the high-rise building with RC shear walls at strategic locations. Model-3 consists of the
high-rise building with viscous dampers at strategic locations. Model-5 consists of the
high-rise building with friction dampers at strategic locations. Fundamental frequency of
vibration at different cases, top storey’s displacement, base shear and inter-storey drifts will
be evaluated and compared. Effectiveness of using energy dissipative devices shall be
evaluated based on fundamental frequency of vibration, top storey displacement, basem

shear and inter-storey drifts at different cases.
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University of Peradeniya
H.A.D. Samith Buddika (p.23)

Laboratory for Materials and Structures, Collaborative Research Projects No.206

International CRP 2020 — Category B
Multi-spring model to account for bond-slip of reinforcement bars in the beam-column joint region of reinforced

concrete structures

Project Coordinator Name:Dr. H. A. D. Samith Buddika
MSL Faculties:Prof. KONO Susumu

- Aims of Researc|

To develop a multi-spring macro model to account for bond-slip of reinforcement bars in the beam-column joint region of
reinforced concrete structures and validate with the full -scale

- Results -

A beam with hinge element is used to represent the beam concrete region. Bar-slip spring is used to model the reinforcement bar. Shear spring is used to
model the shear stiffness of the beam. A rotational spring is used to account for flexibility in the experimental setup. The beam specimen is subjected to
reverse cyclic loadings. Comparison of experimental results versus analytical results showed good agreement. Based on the further analysis the energy
dissipation of the numerical model is due to nonlinear behavior of the concrete. Reinforcement steel behaved mainly elastic. Similar results are obtained for
other specimens. Based on the results obtained the model is particularly suitable for simulating the response of concrete buildings in which slippage of
longitudinal bars are significant under lateral loads.

Displacement control node. —
(Restrain rotational degree of freedom)
— Ty §
$ | Beam with hinge element :
-[nnik—l 1 —— Shear spring

Rigid clement .

AT

EABR Q) 0N

Bar-slip spring

1 2
OriftAngie (R) (%)
Rigid element ——

Rotationa! spring accaunting 1o account Experimental OpenSees

for flexibility in the experimental setup

Undergraduate Thesis to be published in 2021, Faculty of Engineering, University of Peradeniya, Sri Lanka
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. Juodkazis, E. G. Gamaly, T. Nagashima, T. Yonezawa, K. Hatanaka, (2021), under review.
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State University of New York at Binghamton
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Laboratory for Materials and Structures, Collaborative Research Projects No.69

International CRP 2020 — Category B
Growth mechanism study on epitaxial BiFeO; grown on LaSrAlTaO; single crystal

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

- Aims of Research -

This project aims to elucidate the role of ~2.8 % misfit strain that LaSrAlTaO; (LSAT) single crystal
provides to epitaxially grown BiFeO, (BFO) overlayer in terms of (1) crystal structure change and (2) BFO
domain structure. This will eventually provide a solid clue for us to be able to control the ferroelectric and
magnetic properties of BFO through epitaxial lattice strain.

- Results -

An epitaxial BFO film was grown on (100) LSAT
substrate by using ultrahigh vacuum radio frequency
sputtering at 550 °C growth temperature.
Cross-sectional TEM image shown in (a) exhibits
misfit dislocations as denoted by arrows. Selected
area diffraction pattern acquired from an area
including both BFO and LSAT as shown in (b)
reveals the characteristic of relaxation of misfit strain
as proved in the structure factor calculation based on
unstrained BFO and LSAT as shown in (c).

Further study using x-ray reciprocal lattice space
mapping is needed to obtain information about
ferroelectric domain structure in the epitaxial BFO
film.

ER£EHZEB
Institut Teknologi Bandung
Iswandi Imran (p.31)

Laboratory for Materials and Structures, Collaborative Research Projects No.212

International CRP 2020 — Category B

Improving the Performance of R/C Structures with the Use of Seismic Isolation
System

Name: Iswandi Imran (Institut Teknologi Bandung)

MSL Faculties : Susumu Kono

- Aims of Research -

This project aims to compare seismic performance of conventional fixed-base building with DCFP (Double
Concave Friction Pendulum) base-isolated buildings under the same design code and seismic excitations
(as the first stage of the study); and later to find the optimal design for DCFP bearings regarding the types
of friction and bearing arrangements (as the second or final stage).

- Results -

In this research, a 40m tall, 10-story reinforced concrete building with a square plan of 30m is used as the
reference structure for case study. The structure is designed as an office building located in Jakarta, the
capital city, which is classified as Risk Category Il and the site class SD (medium soil) according to the
Indonesian Building Code (with R=7). The findings from this research:

1. Base-isolated building with DCFP bearing has better seismic performance compared to the
conventional fixed-base building under the maximum considered earthquake (MCE) of Jakarta. The
improvement of seismic performances is observed in the form of reductions of base shear force, top-
story acceleration, amplification ratio and interstory drift ratio.

Structural performance based on formation of plastic hinges under the maximum considered
earthquake (MCE) reveals that base-isolated buildings has the level of fully operational (FO) which is
a significant performance improvement compared to Life Safety (LS) of the fixed base building.
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Laboratory for Materials and Structures, Collaborative Research Projects No.54

International CRP 2020 — 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 performed the coherent control of the zone folded
transverse acoustic (FTA) phonons in 4H-SiC using a
pair of phase-locked femtosecond pulses.

Figure shows a 2D map of the transient. Along a pump-
robe delay (t;5: horizontal axis), we can see the 6-THz
coherent oscillation due to the photo-induced FTA
phonons. By changing a pump-pump delay (t;,: vertical
axis), the phonon intensity is enhanced or suppressed
at integer or half-integer multiple of the vibrational
period, respectively.

i

pump-probe delay t; (ps)

pump-pump delay t, (£5)

2D map of the transient reflectivity from 4H-SiC
with double pulse excitation.

ER£EHZEB
EPFL, Switzerland
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Laboratory for Materials and Structures, Collaborative Research Projects No.205
International CRP 2020 — Category B

International database on bi-directional tests on RC core walls

Project Coordinator Name: Prof. Katrin Beyer, EPFL, Switzerland
MSL Faculties: Prof. Susumu (Sam) Kono

- Aims of Research -

The aim of the research is to establish a catalogue of laboratory tests on bi-directional tests on RC walls.
While such databases exist for uni-directional tests, it has yet to be established for bi-directional tests. All
relevant data (cross sections, boundary conditions, force-displacement hysteresis) will be made publically
available where possible.

- Results -

Our understanding of the seismic response of RC walls is largely [ Ispra: X-direction
based on findings from quasi-static cyclic tests, which allow to study
the damage evolution in a systematic way. However, the large
majority of these tests have been conducted as uni-directional tests
and it is therefore important to understand in which aspects results
from uni-directional tests differ from those of bi-directional tests.
Tests on planar and non-planar walls showed that the stiffness is
not significantly affected by bi-directional loading. For planar walls
the strength is also rather independent of the load path while for ) wall 2 (X)
non-planar walls the load path has an effect on the strength that is T Wans@y) 4

attained in the two principal directions. 3 2 4 0 1 2 3 4
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Kenneth J. Elwood (p.39)
Laboratory for Materials and Structures, Collaborative Research Projects No.209
International CRP 2020 — Category B
Assessment procedure for residual capacity of earthquake-damaged reinforced concrete buildings
Project Coordinator Name : Kenneth J. Elwood, University of Auckland, NZ

MSL Faculties: Susumu Kono

- Aims of Research -

Develop an assessment process to determine if an earthquake-damaged building needs to be repaired.
Determine triggers for repair, either visual damage states, peak deformation demands or LCF limits.
Estimate performance of earthquake-damaged building in service level earthquakes.

Overview of assessment process: Safety-Assessment phase (ductile frame):

Typical result of low-cycle fatigue check:

d/h=09

Damage sum using No 8 Browk & Kunnath

Aspect ratio, a/h

Lp/h=03 —Lp/h=04 —Lp/h=05 —Llp/h=06

EEXRAZEB
University of Washington

Marc O. Eberhard (p.42)
Laboratory for Materials and Structures, Collaborative Research Projects No.211

International CRP 2020 — Category B

EFFECT OF LOADING DIRECTION ON SEISMIC SHEAR FAILURE IN

REINFORCED CONCRETE COLUMNS
Project Coordinator Name : Marc Eberhard, University of Washington

MSL Faculties: Professor Susumo Kono

- Aims of Research -

A shear model will be modified to apply to deformation histories that are more general
than the existing models. In particular, the methodology will be applied to columns that
are deformed in direction other than their principal axes.

- Results -

Based on experimental results, a model is being developed to describe the shear
force-deformation curye for reinforced caoncrete columns subjected to deformation
that are not necessarily parallel to one of the column faces.

loading direction

negative  positive negative  positive negative  positive negative  positive

(a) flexural cracking (a) shear cracking (c) peak strength (d) end of test
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Laboratory for Materials and Structures, Collaborative Research Projects No.204

International CRP 2020 — Category B ? hl i
Post-earthquake damage evaluation of RC columns reparability and residual

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

- Aims of Research -

The present project aims at the definition of a framework for assessing the residual capacity and the
reparability of reinforced concrete (RC) structures in the aftermath of an earthquake. A methodology for
the seismic damage quantification for existing RC columns has been developed in correlation with the
variation of damage indicators (period elongation, stiffness degradation, residual drift, crack width).

- Results -

PERIOD STIFFNESS RESIDUAL
The first method for the seismic damage quantification has ELONGATION  DEGRADATION  DRIFTRATIO
been preliminary applied on a dataset of RC columns with DAMAGE 16% percentile 16% percentile 16% percentile
geometry and details typical of low-code structures, for a total LEVEL
of 1215 elements. Lower bounds (i.e., 16th percentile) of the s Ll 122 0042
distribution for each damage indicators have been computed Rl 172 2928 Lz
to build the correlation matrix between changes in damage Severe 40% 67% 0.75%
indicators for each identified seismic damage level for the
dataset of column analysed. The correlation among damage , 1
levels, Interstorey Drift Ratio (IDR), period elongation, lateral
stiffness degradation and residual drift ratio.
Preliminary results from the digital image processing are also
derived for an RC column experimentally tested under quasi-
static cyclic loading. At the end of each cycle, the IDR has
been correlated with the maximum residual crack width.

IDR (%]

EF X EHZEB
National Technical University of Athens
Marina L. Moretti (p.47)

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

International CRP 2020 — Category B
Strengthening of Reinforced Concrete Columns with Sparsely Spaced Stirrups through
Fiber Reinforced Polymer Jacketing to avoid Buckling of the Longitudinal Reinforcement
Project Coordinator Name: Marina L. Moretti (National Technical University of Athens)
MSL Faculties: Susumu Kono

- Aims of Research -

This projects aims to explore the potential of using fiber reinforced polymer (FRP) jackets to strengthen existing
reinforced concrete (RC) columns with inadequate transverse reinforcement against buckling of the longitudinal
reinforcement. Another objective is the assessment of existing design models regarding their potential to predict
the compressive strength of RC columns with sparsely spaced stirrups.

- Results -

Experimental results have been assembled from the literature, on the
behavior of RC columns, as well as RC columns strengthened and repaired
through fiber reinforced polymer jackets (FRP) subjected to axial
compression. FRP-confined RC columns with a broad variety of
characteristics have been included. Reliable existing design models have
been sought and applied to predict the test results of the specimens of the
database. The potential of the models to predict the effect of buckling of the
longitudinal reinforcement on the axial compressive strength has been
studied. Preliminary results demonstrate that FRP jackets considerably
enhance the axial strength of RC columns with inadequate transverse
reinforcement. Furthermore, repair of RC columns with buckled longitudinal
reinforcement seems to be feasible, by replacing the crushed concrete
through fiber reinforced structural cement-based repair mortar and
subsequently by application of FRP jackets.




EFH£EMHZEB
Institute of Engineering, Tribhuvan University
Maskey Nath Prem (p.49)

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

International CRP 2020 — Category B
Revised Building Code NBC 105: 2019 Seismic Design of Buildings in Nepal

Project Coordinator Nam: Prem Nath Maskey (Institute of Engineering)
MSL Faculties: Susumu Kono

- Aims of Research -

The Project aimed at achieving the enhancement of the seismic code for building design in Nepal by
learning the chronological development of Japanese ways of designing and regulating in the seismic
codes and standard laws. The safety of people and mitigation of large damages during large earthquakes
have been the key words of Japanese regulations.

- Results -

The study had facilitated in identification of the %
principles and strong base for formulating the WEPAL NATIONAL BUILOING ¢ODE
seismic/structural design approach conducive to the '

typology of buildings and environment of Nepal. The e

interaction in Japan was supposed to facilitate in | ot |
developing the updated form of the seismic code at .

par with any other international code. This study e paL e
and interaction have highlighted on the strengths

and weaknesses of the present Nepalese Code and eyt ST s

the rational ways to enhance it.
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FEFEMIL : J.Nam et al.: Impact resistance, flexural and tensile properties of amorphous metallic fiber-reinforced cementitious composites according to fiber length,
Construction and Building Materials, Vol. 271, 121872, 2021.2

Z0Ofh, REHXFER2M RERRERERFSR-2020.11, BEREHETFR-2020.11)




EFH£EMHZEB
School of Engineering, University of Edinburgh
Rafik Taleb (p.54)

Laboratory for Materials and Structures, Collaborative Research Projects No.235

International CRP 2020 — Category B
Development of New Reinforced Concrete Wall System

Project Coordinator Name: Rafik Taleb (University of Edinburgh)
MSL Faculties: Taku OBARA

- Aims of Research -

The aim of this research is to evaluate fiber-based model in predicting the backbone curves and the
ultimate displacement capacity for previously tested RC structural walls with comparison of 2D and 3D
FE analusis. An analytical approach to estimate the ultimate displacement capacity or RC walls with
confined boundaries was also proposed and validated based on experimental and fiber-analysis results.

- Results -

The fiber model based on the plastic hinge length and
moment-curvature analysis present an easy and interesting
alternative for FE method for simulating the envelop response
curve for RC walls with confined boundaries.

An analytical approach was proposed to estimate the ultimate
displacement of RC structural walls relating the ultimate
displacement capacity to main key design parameters The
accuracy of the proposed equation was verified with
experimental data and results of fiber analysis. Although the
proposed equation did not evaluate the experimental ultimate
displacement with high accuracy, it would give a conservative
estimates.

Lateral lnag kﬁ

Lateral drft (%)

EF X EHZEB
S. N. Bose National Centre for Basic Sciences
Tanusri Saha—Dasgupta (p.57)

Laboratory for Materials and Structures, Collaborative Research Projects No.63

International CRP 2020 — Category B
Understanding Unusual Magnetic Oxides
Project Coordinator Name : Tanusri Saha-Dasgupta (S.N.Bose Centre, India)

MSL Faculties: H. Das, M. Azuma

- Aims of Research -

To understand the interplay between breathing distortions and polar instability in
transition metal perovskites with active A-sites like Bi or Pb.

- Results -

While BiNiO3 or PbCrO3 exhibit breathing distortion with
checkerboard pattern of compressed and expanded Bi/PbO,,
Polyhedra, in case BiFeO3 or PdVO3 off-centric movement
Of A cation in the polyhedral cage is observed (see top panel
of the Fig.).

Through calculated Wannier functions, crystal hamiltonian

Orbital population (COHP) and Bi/Pb, Ni/Fe and

O energy positions (see Fig) it was established that the

preference of one distortion over another is dictated by O-2p-A-6p
Hybridization, positioning of O 2p being dictated by B-O hybridization. *
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EFH£EMHZEB
The University of British Columbia
Tony T.Y. Yang (p.60)

Laboratory for Materials and Structures, Collaborative Research Projects No.208

International CRP 2020 —Category B
Development of innovative dampers for seismic applications,

Name:Tony T.Y. Yang (The University of British Columbia) msL
Faculty: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.

a increases

In this research, a simple metallic damper, named Honeycomb
Structural Fuse (HSF), is proposed. HSF offers many advantages: 1)
The use of the welded wide flange sections makes the HSF very easy
to be fabricated into any shapes; 2) the use of the welded plate as the
web of the HSF makes the HSF very stiff and very efficient to dissipate
stable earthquake energy; 3) HSF is designed to be easily " Ditmierindl T Dritieried
replaceable, hence making the structure equipped with HSF more L, e Bletoney el
resilient towards future earthquakes. In this research, detailed il
experimental testing was conducted. The result shows that the newly
proposed HSF has stable energy dissipation capacity, where HSF can
be used as a cost effective and efficient metallic damper.
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Figure 1: Concept of HSF' Figure 2: Force-deformation response of HSF

EF X EZEB
Dalian University of Technology

Yao CUI (p.63)

Laboratory for Materials and Structures, Collaborative Research Projects No.216

International CRP 2020 — Category B

Machine Learning-Based Fast Seismic Risk Assessment of Steel Moment Frame Office
Buildings

Project Coordinator Name:Yao Cui (Dalian University of Technology)

MSL Faculties: Shoichi Kishiki;

IDA-based approach ———
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EFH£EMHZEB
Insititute of physics, CAS
Youwen Long (p.66)

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

International CRP 2020 —Category B
High-pressure synthesis and possible negative thermal expansion study of
ferroelectric oxide CaFe;Ti,O,,

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

- Aims of Research —

The aim of this project is applying high pressure and high temperature conditions to prepare high-quality
CaFe;Ti,O4, samples, investigating the detailed structural and physical properties especially the magnetic,
dielectric, and ferroelectric properties, and then finding the possible negative thermal expansion coupled with
the ferroelectric polarization.

- Results —

High-quality CaFe;Ti,O,, perovskite samples with a
good single phase were obtained. On the basis of
SXRD data, the space group of CaFe;Ti,O,, was
determined to be Im-3 at room temperature and
polarized Imm2 at 100 K. The ferroelectric hysteresis
loop proved the existence of ferroelectric polarization at
the polarized phase. Furthermore, we collected XRD
data at different temperatures, and found that the
thermal expansion coefficient suddenly decreased
below 110 K, which might couple with the ferroelectric
polarization.

ER£EHZEB
National Cheng Kung University
Yu-Chuan Lin (p.70)

Laboratory for Materials and Structures, Collaborative Research Projects No.42

International CRP 2020 — Category B
Hydrophobized copper phyllosilicates in the hydrogenation of levulinic acid

Project Coordinator Name: Yu-Chuan Lin
MSL Faculty: Keigo Kamata

- Aims of Research -
The aim of this study is to develop hydrophobic Cu catalysts derived from copper phyllosilicate, and
applied them in the hydrogenation of levulinic acid to y-valerolactone. The most effective catalyst can
be recycled for more than three times with little deactivation (less than 5%) for a high conversion and
GVL yield.

- Results -

A reduction-silylation-reduction method was developed to synthesize hydrophobic Cu
catalysts derived from Cu phyllosilicates (CuPS). Triethoxy(octyl)silane (OTS) was used as
the coupling agent. The OTS-grafted, reduced CuPS catalysts were applied in the
hydrogenation of levulinic acid (LA) to y-valerolactone (GVL). The most promising catalyst
was synthesized by reducing CuPS at a high temperature (350 °C for 3 h), followed by OTS-
grafting, and then by repeating the previous reduction step. High LA conversion (95.7%),
GVL yield (85.2%), and stability (3 cycles with a 7.5% loss of initial activity) were obtained at
a mild reaction condition (130 °C with a H, pressure of 12 bar). A high reduction temperature
not only leads to a low oxidation state of Cu species but also suppresses the formation of
silylation-induced acids. Moreover, the intrinsic activity of a reduced CuPS catalyst was
nearly intact after subjecting to silylation and the second reduction treatment.

https://pubs.acs.org/doi/10.1021/acsami.0c17612



EFH£EMHZEB
Istanbul Technical University
Zeynep Tuna Deger (p.72)

Laboratory for Materials and Structures, Collaborative Research Projects No.202

International CRP 2020 — Category B
Energy behavior of reinforced concrete shear walls

Project Coordinator Name : Zeynep Tuna Deger (Istanbul Technical University)
MSL Faculties Susumu Kono

- Aims of Research -

This research focuses on energy dissipation capacity of reinforced concrete shear walls. The most influential wall design parameters
on energy dissipation capacity will be assessed and a machine learning based predictive equation will be developed to estimate the
energy dissipation capacity of RC shear walls. The proposed equations will be valuable in energy-based seismic design of shear wall
buildings as the capacity will be easily calculated and available to be used once the input energy (demand) is known.

- Results -

(a)
* A machine learning method, namely: High Dimensional Model )
Representation (HDMR)), was used to investigate the most i
influential wall design parameters (e.g., material properties, -
reinforcement details) on energy dissipation capacity of shear
walls, as well as to develop predictive models to estimate o i

energy dissipation capacity. fl 2B M6 M6 7 B 19 m) f11 f12 f13 f14 f15 16 f17 fI8

The ability of the proposed model to make robust and accurate
predictions is validated based on unused data with prediction
accuracies (the ratio of predicted/actual values) close to 1.00
(where 1.00 means perfect match) and high coefficient of
determination values (R2>0.90). 1

fl 2B M 667 l’ﬁ 19 lm f11 fI2 f13 f14 f15 16 f17 I8

Number of trials

Number of trials

Feature weights calculated by ) GPR and (b) NCA
based on 100 training-! test trials

ERH£EHEB
Institute of Engineering Mechanics, China Earthquake Administration
Zhe Qu (p.74)

Laboratory for Materials and Structures, Collaborative Research Projects No.221

International CRP 2020 — 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 -

Instead of the planned test for the year of 2020, which was affected by the pandemic, we aimed at the
development and calibration of a one-dimensional rheological model to simulate the dynamic effect on the
hysteresis of steel dampers, which provides basis for further investigation.

- Results -

The dynamic effect is modelled by a nonlinear dashpot in the one-dimensional rheological model, whose
stress is the addition of a rate-dependent and a temperature-dependent terms. The results of a previous
test were used to calibrate the parameter of the dashpot in a two-step procedure.
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E& X REHZEB

Zynergy Technology Incorporation
Zhipeng Li (p.77)

Laboratory for Materials and Structures, Collaborative Research Projects No.64

International CRP 2020 — Category B

All Solid State Thin Film Solid Oxide Fuel Cell

Project Coordinator Name : Zhipeng LI
MSL Faculties: Shintaro YASUI

- Aims of Researc

In order to push forward SOFC applications, one key approach is 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 thereby 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 layer by layer deposition. We
use the mixture compound as the substrate. The electrolyte material is Gd doped ceria (GDC),
and the anode material is the mixture of Ni and GDC. Therefore, we use the mixture of Ni-GDC
as the substrate. Subsequently, the anode, electrolyte and cathode thin films are deposited by
PLD layer by layer. The tomography of the full film stack was investigated by AFM, as shown in 0 o2
Figure 1. Subsequently, the detailed structures were studied by TEM. We succeed by . . .

depositing GDC layer on top of the Ni-GDC substrate, which can be used as the half cell of Figure 1 AFM imaging of a SOFC

SOFC. The morphology of the GDC electrolyte on top of Ni-GDC substrate is shown Figure 2. single cell after patterning.

In this work, we investigated possibilities of synthesizing all solid state thin file SOFC by using PLD SpeTHinFiny ST

thin film deposition. PLD-grown of Gd doped ceria (GDC) thin films on Ni-GDC substrate were

conducted. In order to comprehensively study the all growth conditions, in the following studies, we Mc’mncmd;

plan to use different substrates, such as single crystal GDC, polycrystal GDC, and other transition

metal-GDC compounds in more details, followed by SEM, TEM and electrochemical testing. : S 5 s

Therefore, we can qnderstand more abc_)ut the el_ectroch_emical processes including structural Figure 2 Gd doped ceria thin film
transformations, anisotropy of ion diffusion, and interfacial reactions. deposited on Ni-GDC Anode substrate
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%ﬂfﬁ’ﬁ@l‘n’]iﬁ\mﬂﬁéfm‘: (Flg. 2) STEM, (b) Au and (c) Pt mappings, (d) reconstructed image, after 5 and 30 sec electron beam (EB) exposure.
and (e) EDS line profile of Au and Pt of the Au20Pt80 NP (d).
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T. Kimata, K. Kakitani, S. Yamamoto, T. Yamaki, T. Terai, K.G. Nakamura, “Platinum nanoparticles on HOPG surface modified by 380 keV Ar* irradiation: TEM and Raman
studies” Radiation Effects and Defects in Solids 175, 433 (2020).

H. Okazaki, K. Kakitani, T. Kimata, A. Idesaki, H. Koshikawa, D. Matsumura, S. Yamamoto, T. Yamaki, “Changes in electronic syructure of carbon supports for Pt catalysts
induced by vacancy formation due to Ar* irradiation” Journal of Chemical Physics 152, 124708 (2020).
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