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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 Itoh

- Aims of Research -

The project aims to explore novel functionalities of multiferroic k-Al,O, type oxides by novel techniques. k-
AlLO; 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,,,05 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

o
-

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

(a) single crystalline boules of Sc,Ga,_,,Fe;_,,O
(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,.

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 -

7
The optical and electrical characterizations reveal that these a’

% 0.8

materials are optically transparent but electrically insulating, which EDE_‘

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  ap+——————"
defects in the p-type region, which is resulted from too deep valence ® ehoton enorgy (V)
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 |
the importance of reasonable bandgap description and chemical | Memt3x10%em

boundary determination in predicting defect thermodynamics. i - E=0av

v B s N, = 8.6¢10" em®

bandg:

2
3 1) Underestimated 2 Overestimated

" Ndgao

u

chemical ooundary &
8x10™ e ¥

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].

References
[1] http://trarom.utcb.ro/ (24.04.2019)

EEX£ R B
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 Flexural Speing (Flangs)

N 2 - Shear Force
to a rocking wall without dampers and a traditional shear wall. Three N Stip Spring »‘\“r;‘mf’s
hybrid rocking walls were modeled numerically. The results are: BT T Mk Spric No leageh) O30 N

Element :“k' ’ °
4

oforea

« The hybrid rocking walls had low damage, but axial force b E
transmitted from the dampers accelerates compressive concrete L e
damage. The hybrid rocking walls were able to achieve higher Flexural Spring (Flange)
drifts than the traditional shear walls for both Serviceability and I Longitudinat () S4mPCS
Repairability limit states. et Boam oo on
The numerical model captured shear-drift relations at all drift [ -
levels. Moreover, they modeled residual drift angle, concrete “?’;m‘ﬁﬁk‘ I t 3 i . |
strain, pre-tensioning tendon force with good accuracy up to a gos opi »
drift of 2%. 1::1’]:1’ SO(SH)  Unconfined
The numerical model captured damage conditions and limit Bz O g
states for the hybrid rocking walls. (a) Overall modeling

R R

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 Popovié (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 -

~leo

We study stripe-ordered La-214 (LESCO: o
La, ;Eu,,Sr,,Cu0, and LNSCO : La, ;4Nd, ,Sr;,Cu0,), ~Tao P
i.e., cuprates in which charge orders are most
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 | KA"' i
sustaining permeant deformations under earthquake loading and o - *

also the possibility of incorporating these systems into mid-rise ol Dt 3 2 z Sasabe. i
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

magnitude 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

guidelines and by preventing premature yielding of post-tension

tendons and crushing of confinement concrete at the wall-

foundation interface.

Ongoing under graduate research project at university of Peradeniya
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Huang, H. H.; Nagashima, T.; Yonezawa, T.; Matsuo, Y.; Ng, S. H.; Juodkazis, S.; Hatanaka, K., “Giant Enhancement of THz Wave Emission under
Double-Pulse Excitation of Thin Water Flow”, Applied Sciences 2020, doi:10.3390/app10062031, in print.

EEX£RAZE B
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., La, ¢Sr, ,MNO4(LSMO)/SrTiO5(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).




ERH£REMZE B
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 -

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

We have performed ultrafast transient reflectivity ”’SJ
005

n

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 0 2 4 6
of the intensity was 56 ps, which is approximately 10 Pump-probe delay (0s)
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 ®q

favorable, lattice-dynamically, mechanically and thermally-
dynamically stable. It possesses robust FM ordering with a T, of
120 K. The partially occupied 1* orbitals in the metallic channel
and fully occupied 11* orbitals in the semiconducting channel is
the origin of half-metallicity. Unlike previously reported AO, (A=K,
Rb, Cs) with AFM orderings between (001) layers through
indirect exchange interactions, the O, dimer layers in a-BaNaO,
coupled ferromagnetially through direct interactions with head-
to-head alignment along the [001] direction. Our work provides
new insights in exploring the FM and half-metallicity in O,-dimer-
containing compounds.

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*

EEX£ R B
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
0 35 earthquake.

Lateral drift (%)

i romeawee | Marder, K., et al (2020). Quantifying the effects of
0 2 ieniiea ranhres | apoxy repair of reinforced concrete plastic hinges.

specimens

Lateral drift (%) Lateral drift (%) BU”etIn Of NZSEE, 53,1 37_51.

Initial EQ loading Cyelic loading Eq. (1) Eq. (2)




EFR£EHE B
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

[ﬁ

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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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 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.

In this research, a simple metallic damper, named Welded Wide Slendemess Ratio
Flange Fuse (WWFF), is proposed. WWFF utilizes the commonly T
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 <
easy to be fabricated into any shapes; 2) the use of the welded plate MOS0 e 4T T o
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 : 2 2
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.

075832

Aspect Ratio

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

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

ERLFHE 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,AIC is isostructural
to MosAlLC (space group P4,32) but with stronger spin-orbit
coupling (SOC). The realization of superconductivity by
replacing 4d Mo toward 5d W provides a candidate for the search
of potential triplet superconductors with enhanced SOC. In
addition, we successfully extract Al from M;ALC (M= Mo, W) by
applying a chemical etching method and discovery of an
anomalous charge state evolution, where electron doping can be
achieved through “oxidation”. Specially, with the continuous
removal of electron donor (Al) from the structure, we found an
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.




ERH£REMZE B
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
energy absorption when the drift angle reached 0.03 rad
was 14% and 28%.

3. Specimen B70T14 developed as much as 24% and
25% larger maximum moment strength and energy
absorption than those of Specimen B56T10 due to the
use of larger bar-type fuse, respectively.

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,x 2c, orthorhombic
super unit cell with Cmcm space group and charge
disproportionation  state = Pb?*,sPb*,;Fe3*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.




ERH£REMZE B
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.
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- 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 flm 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
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.

Si Top Layer

AN EEN

Cathode (LaSrMnOx
Electrolyte (YSZ
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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[1] S. Maruyama, N. Sannodo , R. Harada, Y. Anada, R. Takahashi, M. Lippmaa, and Y. Matsumoto, Rev. Sci. Instrum. 90, 093901 (2019).
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“Unusual Superconducting Proximity Effect in Magnetically Doped Topological Josephson Junctions”, J. Phys. Soc. Jpn. 89, 034702 (2020).
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Single crystal growth of k-Al,Os-type multiferroic oxides

Jianding Yu
State Key Laboratory of High Performance Ceramics and Superfine Microstructure, Shanghai institute of

ceramics, Chinese academy of science
1 Introduction

Multiferroic materials exhibiting simultaneous electric and magnetic orderings in a single phase have
attracted attention due to their fascinating physics for future technological applications such as fast-writing,
power-saving, and non-destructive data storage. One promising candidate for room-temperature
multiferroic materials is k-Al,Os3 type ¢ -Fe,O; with a non-centrosymmetric orthorhombic structure. It
exhibits room-temperature ferrimagnetism and ferroelectricity along the a- and c-axes, respectively, as
well as large magnetoelectricity. However, two major issue in this material have obstructed its application.
One is large leakage current, which make it difficult to measure the spontaneous polarization. The other is
the difficulty in preparation of metastable k-Al,O; type ¢ -Fe,O3 compounds, especially for bulk single
crystal. So far, Ga.Fe,«O3 (GFO), with a variable Ga/Fe ratio, is a sole thermodynamic stable phase under
ambient conditions, but the noticeable electrical leakage problem still remains to be improved. Although
the ferroelectric hysteresis is demonstrated in GFO thin films, but the remnant polarization value is only 8
mC/cm2, which is much less than the theoretical prediction (25 mC/cm™) of first principle calculations. It
is believed that the domain structure with different orientation in GFO films strongly affects the
ferroelectric properties. The multiferroic properties of metastable k-Al,Os type ¢ -Fe>O3 compounds has
been studied a lot in films and nanoparticles, but there still lacks well understanding of the intrinsic bulk
nature. Obviously, growth of single crystals with single domain is essential in order to exactly understand

the intrinsic physical properties of this type of materials.
2 Aims of Research

This research project aims to explore novel functionalities of multiferroic k-Al,O3 type oxides by novel
techniques. We try to prepare metastable k-Al,Os3 type multiferroic oxide single crystals by laser-heated
and optical floating zone methods. Considering that Sc doping has a good effect on the reduction of
leakage current, the single crystals of ScxGaix»Feix»03 were grown to confirm the theoretical prediction
ferroelectricity and explore new mechanism for novel functionalities of multiferroic oxides, which will be
developed for the application, not only in solid-state physics but also in electric field-driven temperature

control devices.

3 Results



Fig.1 shows a series of high-quality ScyGai.x2Fei.x20; single crystals were grown by optical
floating zone method. The orthorhombic structure with space group Pna21 confirmed by X-ray diffraction
and excellent composition homogeneity of the samples was demonstrated by EDX. The Rietveld analysis
show that all cell parameters increase with the increase of Sc content. Moreover, the 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 large residual polarization.

100

(b)

FIG.1. (a) single crystalline boules of ScyGai.x»Fei.x203 (x=0, 0.05, 0.1, 0.15, 0.2, 0.25, 0.3, 0.35).

(b) Laue spot pattern of x=0.35.

Fig.2 compare the P-E curves of the ScxGaj.xoFeix20; single crystal of x=0 and 0.2, measured
along c-axis at 10 Hz and 77K. The residual polarization of pure GFO (x=0) is Pr =4 yC/cm?, when the
Sc*" doping content increasing to x=0.2, the residual Pr = 25 tC/cm? close to the theoretical polarization

values. PUND measurements also confirmed the residual Pr in bulk crystal is as high as 25 (C/cm?.
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Exploration of Novel Quantum Materials

Phil D.C. King
University of St Andrews

1. Team Members

Tokyo Institute of Technology: K. Okawa, M. Asakawa, T. Sasagawa

University of St. Andrew: O. J. Clark, J. Feng, L. Bawden, J. M. Riley, I. Markovic,
F. Mazzola, V. Sunko, D. Biswas

The University of Tokyo: M.S. Bahramy

Suranaree University of Technology: Worawat Meevasana

Diamond Light Sourc: T. K. Kim, M. Hoesch

Synchrotron SOLEIL: J. E. Rault

2. Introduction & Aims of Research

The band inversions that generate the topologically non-trivial band gaps of topological
insulators and the isolated Dirac touching points of three-dimensional Dirac semimetals
generally arise from the crossings of electronic states derived from different orbital manifolds.
Recently, the concept of single orbital-manifold band inversions occurring along
high-symmetry lines has been demonstrated, stabilizing multiple bulk and surface Dirac
fermions [1,2]. 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) [3].

3. Results

The fundamental mechanisms driving the formation of k.-mediated topological ladders in
the context of the 1T-structured transition metal dichalcogenides were examined by density
functional theory calculations. The broad bandwidths and high k. dispersions associated with
these systems naturally results in small k.-projected band gaps in which the surface electronic
states must reside. Figure 1 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 the surface electronic structure of these materials. Through spin-
and angle-resolved photoemission, we demonstrated how the surface electronic structures of
the group-X TMDs PtSe2 and PdTe: were host to up to five distinct surface states, each with
complex band dispersions and spin textures. From these results, the origin of several
recently-realized instances of topological phenomena in systems outside of the TMDs,
including the iron-based superconductors, can be understood as a consequence of the same

underlying mechanism driving k.-mediated band inversions in the TMDs.
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Figure 1 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. (¢) Constant energy Kx - Ky
contours of PdTe; produced by surface slab calculations. ((d)-(f)) Equivalent plots for PtSe,.
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Formation of Bulk Dirac Cones and Topological Surface States from a Single Orbital
Manifold in Transition-metal Dichalcogenides”, Nature Materials 17, 21 (2018).
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High-Symmetry Lines”, Electron. Struct. 1, 014002 (2019).
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P-type dopability of quadruple perovskite chlorides

Zewen Xiao

Huazhong University of Science and Technology
1 Introduction

Transparent conductors (TCs) are a family of materials that are optically transparent and electrically
conductive and have been widely used for optoelectronic and photonic devices, e.g., flat panel displays,
solar cells, low emissivity windows, light emitting diodes, and transparent electronics. Transparent
conductive oxides (TCOs) have been the most-widely studied TCs in the past decades. Although n-type
TCOs, including indium tin oxide (ITO), ZnO, SnO,, and amorphous In—-Ga—Zn—0O (IGZO), have been
used commercially, their p-type counterparts, which are important for transparent electronic devices with
complementary metal-oxide—semiconductor (CMOS) circuits, have not been fully commercialized.
Recently, several quadruple perovskite halides with a general chemical formula of AsB"B",X, (A = alkali
metal; B = Zn, Cd; B" = Sb, Bi; X = halogen) have been predicted to be the top p-type TCs and have
attracted a lot of attention. Taking Cs4CdSb,Cl,, as a representative example, defect calculations using the
semilocal density functional theory (DFT) show that under Cl-rich conditions, Cs4CdSb,Cli, can exhibit
excellent p-type conductivity with a high density of holes, because of the intrinsic shallow acceptor Cdsy
with an extremely low formation enthalpy. The predicted excellent p-type conductivity was explained by
the delocalized Sb 5s orbitals and the antibonding character of the VBM. However, so far, no quadruple
perovskite halide has been experimentally confirmed as a p-type TC, and the underlying reasons have not

been revealed.

2 Aims of Research

The project aims to verify if quadruple perovskite chlorides can be doped p-type and to reveal the
corresponding underlying mechanisms by combining experimental characterizations and hybrid density

functional theory (DFT) calculations.
3 Results

Millimeter-sized CssCd»>SbCli, (CCSC) and CssCd:BiCli; (CCBC) crystals were synthesized by a
solvothermal method, where an HCI solution (around 37%) was employed to create a Cl -rich environment
that is favorable for p-type doping. To verify experimentally whether the as-synthesized CCSC and CCBC
crystals are p-type TCs, we performed optical and electrical measurements. The transmittance spectra of

CCSC and CCBC (Figure la) show that both are transparent in the whole visible light region (1 to 3 eV).
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Figure 1b shows the derived absorbance spectra of CCSC and CCBC. Unlike typical TCs, such as p-type
CuAlO; (N = 1.3 x 10" em™®) and n-type IGZO (N > 10* ¢m ™), CCSC and CCBC show no Drude
response and electron excitation in the infrared region with photon energies below 0.5 eV, implying poor
conductivity in these compounds. The poor conductivity was confirmed by a two-probe resistance
measurement using a high resistance meter equipped with an optical microscope (Figure 1c—e). The
resistance of CCSC and CCBC crystals was measured to be 450 and 340 MQ, respectively. These
experimental results show that both CCSC and CCBC are transparent insulators rather than p-type TCs as
predicted previously. Therefore, the contradiction motivates us to reassess carefully the p-type dopability

of these quadruple perovskite halides.
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Figure 1. (a) Transmittance and (b) absorbance spectra of CCSC and CCBC crystals. (c) Photograph of the
probing system for the electrical measurement in a glove box. (d,e) Microscopic images of CCSC (d) and

CCBC (e) under the resistance measurement.

To evaluate the p-type doping difficulty in these quadruple perovskite halides, we performed defect
calculations for CCSC, the previously-predicted champion p-type TC candidate. The chemical window of
CCSC was determined by considering all known competing phases in the Inorganic Crystal Structure
Database (ICSD). Herein, three representative chemical potential points are chosen for discussion, i.e.,
point 1 (Cl-rich), point 13 (Cl-moderate), and point 18 (Cl-poor) (Figure 2a—c), with the calculated
formation enthalpies shown in Figure 2d—f, respectively. Obviously, Cd-on-Sb antisite (Cdsy), Cl vacancy
(Va), and Cd interstitial (Cd;) are the dominant intrinsic defects that determine the electrical properties of

CCSC. Cdsp is a relatively shallow acceptor with the £(0/1-) transition at 0.16 eV above the VBM, while
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V¢ and Cd; are deep donors with the e(1+/1-) transition at 0.80 eV and the &(1+/0) transition at 0.99 eV
below the CBM, respectively. The equilibrium Er (Erc) is determined by the competitive formation
between the shallow acceptors and the deep donors. The Cl-rich environment, which can facilitate the
formation of acceptors and suppress the formation of donors, is highly desired for p-type doping. However,
even under the Cl-rich condition (Figure 2d), the Er. of CCSC is located at 0.54 eV above the VBM,
where the hole concentration (Np) is estimated to be only 1.3 x 10'' cm™>. The Nj is too low to be
determined by a common Hall effect measurement, let alone to support a p-type TC (cf. N, = 1.3 x 10"
cm 2 for CuAlQO,). With the chemical potential moving to a Cl-moderate condition, e.g., at point 13 (Figure
2e), and the Cl-poor condition at point 18 (Figure 3f), the Er, shifts up to 1.14 and 1.50 eV above the
VBM, respectively, resulting in even lower Ny values. These results indicate that CCSC can hardly be an
intrinsic p-type TC, agreeing well with the experimental results. The other quadruple perovskite halide TC
candidates (e.g., CCBC) have even lower VBMs and thus should be harder to dope to p-type. These results

contradict with the previous predictions.
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Figure 2. (a—c) Calculated chemical windows of CCSC at different Auci values: (a) Auci = —0.40 eV, (b)
Auci = —1.00 eV, and (c) Auci = —1.37 eV. (d—f) HSE-calculated formation enthalpies (AH) of intrinsic
defects in CCSC as a function of Fermi level (Er) at three representative chemical potential points: (d)
point 1 (Cl-rich), (e) point 13 (Cl-moderate), (f) point 18 (Cl-poor). Defects with very high AH values are
shown by dashed lines. The calculated equilibrium Er (Er,) are indicated by vertical black dash lines.

4 Conclusion / Summary

In summary, we combined experimental and hybrid DFT studies to show that quadruple perovskite halides

CCSC and CCBC are intrinsically insulators rather than previously predicted p-type TCs.
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Enhancing seismic behavior of timber structures

Andreea CASUTA

Technical University of Civil Engineering Bucharest
1 Introduction

Romania is a country with moderate to high seismic activity, and even if big earthquakes occur every 40-50
years, they are not as often as in Japan, thus population is not so aware of the seismic danger. Basically, the
earthquake occurs once or twice in a lifetime for one person. The last big earthquake was in 1977, so recently
Romania started to prepare for the next earthquake. Within this objective, a governmental collaboration was
established between Romania and Japan, generated by the research collaboration between UTCB and Tokyo

Institute of Technology.

2 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.
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 (Fig. 1).

Lateral load, F [kN]

-80
Shear angle, & [rad]

Fig. 1 - Wall experiment within TRAROM project [1]: hysteresis curve (left) and deformed wall (right)

3 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 in Fig. 2. The analysis was push-over type, simulating the

wall experiment.
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The static scheme considers six types of connections between elements as follows:

a - The connection between the top of the wall panel to the steel loading beam (Fig. 4). It allows translation in
the X direction (in-plane) and also in the Z direction (to allow settlement from the vertical loading). It also
allows rotation along Z axis, because in the experiment was observed rotation of the columns.

b - The connection between the bottom of the wall panel to the reaction floor (Fig. 3). It was fully restrained.

¢ - The connection between the exterior planks and the posts/beams (on the edges of the wall panel). This type
was modeled using a spring with an assigned stiffness of 0.3 kN/mm (corresponding to the yielding force) [2],
as resulted from connection tests. This value was the lowest obtained among the three tested joint specimens.

d - The connection between the exterior planks and the posts (along the height). These was also modeled as
springs with the same stiffness as the previous one (0.3 kN/mm).

e - The connection between the beams and the posts. It was modeled also as a spring with an assigned stiffness
of 2.5 kN/mm, as resulted from connection tests [2] for the lowest value of the yielding force among the three
specimens.

f - The connection between the internal diagonal stiffeners and the posts/beams. This was modeled also as a
spring, with an assigned stiffness as 2.5 kN/mm [2], as connection type “e”.

The material was chosen as strength C16 (EN 338) with an elasticity modulus of 8 GPa, being close to the value
of Young’ s modulus obtained by bending tests on beams from the same material (8.9 GPa). The value of the
bending strength was used as obtained in the tests, 1.6 GPa. The rest of the properties were left as corresponding

to the selected strength class.

/307_/301_/307_

307

307

307

307

Fig. 2 — The model built in SCIA Fig. 3 — Details of the set DOF at the bottom

part of the wall (connection b)

The representations of the connections show bars, circles and squares in X, Y and Z directions.
The bars indicate the direction in which the translation or the rotation is blocked. The circle means that
the translation is blocked in the direction of the bar, while the square means that the rotation is blocked

in the direction of the bar.
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Fig. 4 — Details of the set DOF at the top part Fig. 5 — Comparison between the experiment’s
of the wall (connection a) envelope and numerical model in SCIA

The comparison of the pushover model with the experimental result is shown in Fig. 5.
A paper with this model’s description is submitted to the 17th World Conference on Earthquake

Engineering to be held in Sendai in September 2020, but postponed for 2021.

4 Conclusion / Summary

The collaboration between Tokyo Institute of Technology and Technical University of Civil Engineering
Bucharest is beneficial for both. For the Japanese university due to the opportunity to promote their knowledge
to foreign countries and for the Romanian university due to the opportunity to improve the research and
engineering practices. 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.

References
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Numerical Modeling and Simulation of Rocking Walls with Energy
Dissipators

David Mukai
University of Wyoming
MSL Faculties: Susumu Kono and Taku Obara

1 Introduction

Emphasis in earthquake resistant design has shifted from life-safety to limiting damage to buildings. The
reason for this is that while loss of life has been drastically reduced by earthquake engineering research,
extensive damage to buildings results in terrible societal and economic loss. Recognizing this, there has
been extensive experimental research in low-damage systems. This research aims to develop numerical
models for these low-damage systems to carry out numerous investigations, which will be invaluable in
evaluating and optimizing these low-damage systems. Ultimately, this work will help society to recover

quickly from earthquakes and mitigate their economic and societal damage.
2 Aims of Research

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.
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3 Results

Representative results from Obara are shown below.
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4 Conclusion / Summary

Four hybrid rocking walls with dampers were tested and compared to a rocking wall without dampers and

a traditional shear wall. Three hybrid rocking walls were modeled numerically. The results are:

e  The hybrid rocking walls had low damage, but axial force transmitted from the dampers
accelerates compressive concrete damage. The hybrid rocking walls were able to achieve higher
drifts than the traditional shear walls for both Serviceability and Repairability limit states.

e  The numerical model captured shear-drift relations at all drift levels. Moreover, they modeled
residual drift angle, concrete strain, pre-tensioning tendon force with good accuracy up to a drift

of 2%.

e  The numerical model captured damage conditions and limit states for the hybrid rocking walls.
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Magnetotransport Studies of Collective Dynamics
in Highly Correlated Electron Systems

Dragana Popovi¢
National High Magnetic Field Laboratory
Florida State University

1. Team Members

Tokyo Institute of Technology: T. Sasagawa

National High Magnetic Field Laboratory: Z. Shi, P.G. Baity

2. Introduction & 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 (Hc2), the extent of super-conducting (SC) phase with vortices, and the role of

charge orders at high H remain controversial.
3. Results

We study stripe-ordered La-214 (LESCO: Lai7Eu02Sr0.1CuOs and LNSCO
Lai.4sNdo.4Sr0.12Cu04), in which charge order coexists with the anti-ferromagnetic spin
density wave order at T < Tso < Tco; here, Tso and Tco are the onsets of static, short-range
spin and charge orders or “stripes,” respectively, and Tco(X) is suppressed for doping near X
= 1/8. The low values of Tco in this regime allow us to reveal and probe deep into the normal
state by applying H up to 35 T, because we find He2 ~ 20 T in LESCO with X = 0.10 and Hc2
~ 25 T in LNSCO with x = 0.12. 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 Hc2, 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.

-20-



'-_-TCO T T T T T

o LESCO ]
—— Gaussian SC ——0~_ l
S0 fluctuations

101 HOH H"' -
- 3
1 Vortex
liquid
5 100 "' .'-th(m %°°c° " 1
~ : f -
: “¢ T :
i Y peak |
.
-1 .
10°F1 y o m 3
Vortex l. Viscous % +~ Anomalous
L lattice & vortex liquid ‘\H normal state,
|.| |.= 1 a 1 A 4_{ A 1 a ]
0 5 10 15 20 25 30

uoH (T)

Figure 1 In-plane transport T-H phase diagram of a striped cuprate Lai 7Eu02Sro.1CuO4 with
H//c axis. Tc(H) (black squares) mark the boundary of the pinned vortex lattice, which is a
superconductor with pab = 0 for all T < Te(H) [region I; Te(H) > 0]. H'(T) symbols mark the
boundary of the viscous VL, in which dV/dl is non-ohmic [for H < H(T)] and freezes into a
VG at T = Tc = 0. Dashed red line guides the eye. Ohmic behavior is found at H > H*(T). H*(T
= 0) thus corresponds to the upper critical field He2. Hpeak(T) (green dots) represent fields
above, which the MR changes from positive to negative. The region H" < H < Hpeak, in which
the MR is positive but transport is ohmic, is identified as the VL. Tpeak(H) (open blue
diamonds) tracks the positions of the peak in pan(T). Hc’(T) is the field above which SC
fluctuations are not observed. Gaussian fluctuations of the SC amplitude and phase are
expected at the highest T and H < Hc’(T). The highest field region (III) corresponds to the
H-induced normal state. The dashed line is a fit with poH[T] = 20.3[1 - (T[K]/35.4)%].
Zero-field values of Tso and Tco are also shown; both spin and charge stripes are known to
be enhanced by H. Except for T¢(H), lines do not represent phase boundaries but

finite-temperature crossovers.

[1] Z. Shi, P.G. Baity, T. Sasagawa, and D. Popovi¢, “Vortex Phase Diagram and the Normal
State of Cuprates with Charge and Spin Orders”, Science Advances 6, eaay8946 (2020).
[2] P.G. Baity, T. Sasagawa, and D. Popovic, “Collective Dynamics and Strong Pinning in
the Charge-Density-Wave-Ordered Phase in La1.4sNdo.4Sro.2CuQO4”, Phys. Rev. Lett. 120,

156602 (2018).
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Evaluation of Residual Drift Demands in Self-Centering Rocking Walls for
Performance-based Seismic Assessment

H. A. D. Samith Buddika

University of Peradeniya, Sri Lanka
1 Introduction

The idealized flag-shaped hysteresis is often used to define the cyclic behavior of self-centering rocking
walls is seldom exists and the residual drift of a lateral load resisting system subjected to ground motion is
depended on the realistic cyclic hysteresis behavior as well as the dynamic loading history. The residual
drift of a lateral load resisting system can be significantly smaller than the maximum residual drift that
could observed from the cyclic hysteresis response due to dynamic shake-down effect (MacRae and
Kawashima 1997). Cyclic loading tests of self-centering rocking walls has been extensively carried out by
Prof. Kono in the MSL. However, no comprehensive study has been done to evaluate the effects of
various design parameters on the residual drifts of self-centering rocking walls subjected to earthquake
excitation.

For that purpose, self-centering post-tensioned hybrid (PH) precast concrete walls of various heights,
period of vibration, system overstrength, and hysteretic behavior will be designed according to
contemporary design guidelines. Finite element modelling of self-centering rocking walls will be validated
with the available experimental results of self-centering rocking walls. The Table 1 shows the design
details of PH precast concrete walls. The walls will be subjected to suite of 40 ground motions scaled to

different intensities.

Table 1. Design details of PH precast concrete walls.

t, Py s Y (- g,

Wall IW (mm) (mm) P/Ag L (%) (%) (mm) (mm) (mm)
PH4-50 4,500 400 0.024 0.231 0.413 480.5 600 770
PH4-80 4,500 400 0.024 0.176 0.534 470.5 600 720
PHS8-50 6,500 400 0.029 0.282 0.531 671.4 850 810
PHS8-80 6,500 400 0.029 0.213 0.723 682.7 850 770
PH12-50 8,500 400 0.039 0.262 0.588 949.0 1200 940
PH12-80 8,500 400 0.039 0.186 0.773 945.0 1200 870

Note: |, = wall length; t, = wall thickness; P/ A, f = axial load ratio where P is axial load of wall

at the ground level and A, is cross sectional area of wall; p, = ratio of PT steel area to gross section area
of wall; p, = ratio of ED steel area to gross section area of wall; @, = neutral axis depth; L, =

confinement region length; |, = unbonded length of ED bars.
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2 Aims of Research

The aim of this research is to investigate relationship among wall drift and residual drift demands for

self-entering PH precast concrete walls for performance-based design.

3 Results

3.1 Validation of the finite element model of the PH precast concrete walls
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Figure 1. Comparison of experimental results for specimen TW2 in Perez et al. (2007) with the analytical
results: (a) base shear; (b) uplift at the base of the wall; (c) normalized PT stress in PT1; (d) normalized PT
stress in PT3.

The analytical results obtained using the 2D macro-model are in good agreement with the experimental

results of Perez et al. (2007).

3.2 Results under MCEg-level ground motions

Maximum wall drift versus residual drift for PH precast concrete walls under MCEg-level ground motions
are shown in Figure 2. 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%. Moreover, 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, the target magnitude
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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 guidelines and by preventing premature

yielding of post-tension tendons and crushing of confinement concrete at the wall-foundation interface.
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Figure 2. Maximum wall drift versus residual drift for PH precast concrete walls under

MCERg-level ground motions.

4 Conclusion / Summary

The analytical model implemented in the present study is capable of capturing the realistic behavior of
PH precast concrete walls.

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%.

Target magnitude 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 guidelines and

by preventing premature yielding of post-tension tendons and crushing of confinement concrete at the

wall-foundation interface.
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Evaluation of lattice strain effects within epitaxially grown multiferroic films

In-Tae Bae
State University of New York at Binghamton, USA

1 Introduction

BiFeO; (BFO) is known as the only muliferroic material that possess ferroelctricity and
antiferromagnetism well above room temperature. It has shown enhanced ferroelectricity
characteristics when grown as thin films. This is attributed to the lattice strain caused by the
differences in crystal structures as well as lattice parameters between BFO film and the underlying
oxide substrates. Since the structural modification caused by the lattice strain plays a key role in the
enhanced ferroelectricity (and possibly magnetism) properties, extensive research efforts have been
dedicated to unravel its details. Nonetheless, the structural modification occurring in BFO is still
hotly debated owing to (1) highly complex nature in BFO crystal structure, which is associated with
space group R3c, and (2) the wide range variations in the lattice strains caused by a variety of oxide

substrates.
2 Aims of Research

In this proposed work, we attempt to come up with a novel methodology that can unambiguously
answer: (1) the structural modification (and subsequent crystalline symmetry change) occurring
within epitaxially grown BFO films, and (2) the amount biaxial lattice strain stored in BFO films by
using the transmission electron microscopy (TEM), x-ray reciprocal space mapping (XRSM), and

structure factor calculation.

3 Results

Figure 1. Transmission electron
diffraction patterns for (a) BFO
grown on LSMO/STO and (b) BFO
grown on YAO. Note that
rhombohedral signature reflections

are denoted with red arrows.

Two different single crystalline oxide substrates, i.e., LageSro4MnO3;(LSMO)/SrTiO3(STO) and
YAIO; (YAO) are used to grow BFO films by ultra high vacuum rf sputtering technique for the
investigation. The results are as follows: (1) Cross-sectional transmission electron diffraction patterns

(see Fig. 1) in tandem with structure factor calculation (not shown) demonstrates the existence of
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rhombohedral signature reflections, indicating the BFO films possess rhombohedral crystal structure
with R3c space group. (2) While a cross-sectional high angle annular dark-field (HAADF)-scanning
TEM (STEM) image shows atomistically coherent BFO/LSMO interface with no sign of dislocation
(see Figure 2), domain boundaries and dislocations are readily found in BFO film grown on YAO

substrate (see Figure 3).
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Figure 2. Cross-sectional high angle Figure 3. Cross-sectional bright-field TEM image
annular dark-field STEM image at showing BFO film grown on YAO. Note that
BFO/LSMO interface domain boundaries are denoted by white arrows;

dislocations are denoted by blue broken lines

(3) Nanobeam electron diffraction and atomic resolution TEM technique (not shown) reveal that:
while the lattice strain is stored as elast.c energy in BFO film grown on LSMO/STO, that in BFO film
grown on YAO is not stored in BFO film but relaxed. (4) XRSM technique reveals that ~1.0 % of
compressive biaxial strain applied through LSMO/STO substrate exerts ~2.4 % of tensile strain along
out-of-plane orientation (see Figure 4). (4) The epitaxial relationship between BFO and YAO

substrate is found by nanobeam electron diffraction technique as follows:

[421]sro // [010]va0 5 (12008ro // (200)ya0
[211]BF0//[001]YA0; [TED}BFO//(zoe)YAO

As a result, the lattice mismatch between BFO film and YAO substrate was calculated ~6.8%.
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Figure 4. XRSM data of the BFO film
grown on LSMO/STO substrate,
showing the Bragg’s reflections of BFO
and LSMO line up vertically i.e., along
out-of-plane orientation. This indicates
lattice strain in BFO film caused by the
lattice mismatch with LSMO is stored

Qz/(2m) (nm)//[100]5;0

as elastic energy.

2 0 2 4 6 8
Qx/(2m) (nm)//[011]5r0

4 Conclusion / Summary

The crystal structures and lattice strain status are investigated for the BFO films grown on
LSMO/STO and YAO substrates using ultra high vacuum r.f. magnetron sputtering. For the BFO film
grown on LSMO/STO, the TEM and nanobeam electron diffraction results indicate that its crystal
structure as rhombohedral with space group of R3c. The epitaxial relationship identified by the
nanobeam electron diffraction and precise lattice spacing measurement achieved by XRSM reveal
that BFO film is under ~1.0% of biaxial compressive strain. HAADF-STEM technique confirms the
applied compressive lattice strain in BFO by directly showing the atomistically coherent BFO/LSMO
interface. On the other hand, while the crystal structure of BFO grown on YAO substrate turns out
rhombohedral, no lattice strain is stored in BFO film. Bright-field TEM images clearly show the
existence of lattice imperfections such as domain boundaries and dislocations, indicating that ~6.8%
of the estimated lattice mismatch between BFO and YAO substrate is too large to be stored as lattice
strain in BFO film. This work clearly demonstrates the importance of (1) atomistically coherent
BFO/substrate interface with no lattice imperfection for lattice mismatch is critical for the lattice

mismatch with substrate to induce lattice strain within epitaxially grown BFO film.
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Improving the Resilience of Buildings and Infrastructures in Seismic Prone Countries;

A Case of Indonesia

Iswandi Imran

Institut Teknologi Bandung

1 Introduction

Indonesia is located in the ring of fire, and is one of the high seismicity countries in the world. The seismic
in Indonesia are tectonic plates, active faults and shallow background. Based on this condition, it is indeed a
to consider seismic resistance for structure analysis and design of engineered structures/buildings/infrastructures
Indonesia. However, every time earthquake occurred, many buildings/bridges in the affected zone experienced
significant damages or even collapse and thus causing many casualties, interruption in public services and the
spending of billions rupiah funds for rehabilitation and reconstruction. Because of those, it is then imperative to

improve the resilience of infrastructures in Indonesia, especially those in the area with high seismicity.

2 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.

3 Results

Lombok and Palu earthquakes occurred consecutively in August and September 2018. These are the damaging
earthquakes, causing many casualties, buildings collapse and significant damages to public infrastructures such
as bridges. The damages of buildings due to Lombok earthquake are mainly caused by the inconsistency in the
design and construction phases of the buildings. While in the case of Palu earthquake, the main cause of the
buildings and bridges collapse in Palu is the significant increase in the actual earthquake demand compared with
that specified in the seismic loading code of 2002 or the older version (which were used for the design of most
buildings and bridges in Palu). This increase has basically been estimated before the 2018 earthquake as
manifested in the seismic loading code of 2012. However, since the increase is so significant (at least 4 times of
the 2002 PGA value) then many buildings/bridges designed and built after the enforcement of the updated 2012
seismic loading code were still designed based on the 2002 loading code. As a result, some of the buildings and

the bridges in Palu do not have adequate strength to survive the 2018 Palu earthquake.

In addition, in the old regulations (SNI 1726-2002 or older) the structural system with limited ductility can still

be adopted for buildings in Palu as in that code seismicity in Palu is considered as moderate. In the new
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regulation (SNI 1726-2012), this structural system with limited ductility cannot be used anymore as Palu city is
now considered as a zone with high seismicity. In this zone, structural system used cannot be less than fully
ductile system, e.g. special moment resisting frame. Unfortunately, since many buildings in Palu city were
mostly designed using the old codes (SNI 1726-2002 or older), then as a result, those buildings do not have

adequate ductility or deformation capacity to resist the big earthquake.

Figure 1 shows the example of bridge collapse due to 2018 Palu earthquake. The bridge was named yellow
bridge (or Palu IV bridge) and was the landmark of Palu city (Figure 1). The failure of the bridge was caused by
the failure of the anchor bolts at the bridge supports. The bolts were designed to resist the ground acceleration
of 0.2g. During the 2018 earthquake, the ground acceleration recorded reached more than 0.3g. In addition, the
estimated PGA value based on the seismic hazard map of 2012 is 0.9 g.

Figure 1: Palu IV Bridge: a). Under Construction, b). Collapse due to Palu Earthquake

Similar phenomena were also observed to some R/C buildings in Palu city. Figure 2 shows the collapse of one
hospital building in the area. Judging from the seismic detailing provided (Figure 3), the building might be
designed using SNI 1726-2002 or older. This old version of SNI still allows the use of intermediate moment
resisting frame (with limited ductility) in Palu city. So, in this case the hospital building basically did not have
adequate strength and ductility to resist the 2018 Palu earthquake that has higher seismic demand than that
specified in seismic hazard map of SNI 1726-2002.

Figure 2: Hospital Building: a). Before Earthquake, b). Partially Collapse due to Palu Earthquake

Other types of damages observed in Palu due to the 2018 earthquake are similar to seismic damages commonly
observed in other cities in Indonesia which are caused mainly by inadequate aspects of design and construction.
In the design aspect, there are many seismic detailing requirements for structural elements that have not been
fulfilled in the building construction. In addition, inadequate material quality and improper construction are also

responsible for the resulting performance of the buildings during an earthquake.
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Figure 3: Typical Detailing Observed in the Hospital Building in Palu

4 Conclusion / Summary

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.
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Ultrafast phonon dynamics in inorganic solids

Jianbo HU
Institute of Fluid Physics, China Academy of Engineering Physics

Southwest University of Science and Technology
1 Introduction

Coherent phonons can be generated by irradiation of an ultrashort optical pulse, which duration is shorter
than vibrational period of the phonons, and observed using time-resolved reflection or transmission
measurements. The dynamics of phonons can be detected in real time by using coherent phonon spectroscopy.

Furthermore, its dynamics can be coherently controlled using a pair of femtosecond optical pulses.
2 Aims of Research

The aim of this project is to measure frequencies and their lifetimes of the Raman-active optical phonons in
inorganic materials, such as polar semiconductors, wide bandgap materials, and metal oxides, within
picosecond time range and control the phonon amplitude using a pulse train.  Especially, we will study dopant
effects on lifetimes of quantum coherence in a bulk semiconductor. For wide bandgap materials, we will
study pulse-width and detuning effects on amplitudes of coherent optical phonons in order to check the
impulsive stimulated Raman scattering process in the coherent-phonon generation mechanism. In this year,
we studied the transient reflectivity in 4H-SiC, which is wide bandgap materials and expected to be used as a

power semiconductor device, in order to elucidate its phonon dynamics.

3 Results
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(FTA) phonons as shown in Figure 1. The Pump-probe delay (ps)

estimated lifetime from a decay of the intensity was Fig.1 Transient reflectivity from 4H-SiC
56 ps, which is approximately 10 times larger than

that of the longitudinal optical phonons. The strong peak at delay of 6.75 ps is due to the pump pulse reflected
at the rear surface of the sample. We also performed the coherent control experiments with a pair of phase-
locked pump pulses. The amplitude of the FTA phonons was enhanced or suppressed by irradiation of the

second pump pulse with appropriate delays.



4 Conclusion / Summary

The coherent FTA phonons in 4H-SiC, which is the wide bandgap material, were measured and optically
controlled by using femtosecond infrared pulses. The lifetime of the FTA phonons was estimated to be 56 ps,

which is approximately 10 times larger than that of the longitudinal optical phonons.
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Molecule Oxygen Induced Ferromagnetism and Half-metallicity in
a-BaNaOa: A First Principles Study

Jiangang Guo

Institute of Physics, Chinese Academy of Science, China
1 Introduction

Molecule oxygen has long been known to carry a local moment because of the existence of unpaired
electron in its 7" orbitals. When condensing into solid at low temperatures, ~24K, it exhibits a long-range
antiferromagnetic (AFM) ordering. Alkali metal superoxides (O2"), peroxides (0,*) and dioxygenyl (O2")
salts all contain molecule oxygen but with different electrons in their " orbitals, leading to a variety of
magnetic properties. Typical examples are AFM AO>(A=Na, K, Rb, Cs), spin-glass RbsOs/Cs4Os,
ferrimagnetic (FiM) O,PtFs and paramagnetic O,SbFs. The long-range ferromagnetic (FM) ordering,
however, is quite elusive in these O, dimer containing compounds though many attempts have been made

over last decades.
2 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 Oy 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.
3 Results

To begin with, we first show the importance of O, dimer orientation in inducing the long-range ordering
by taking RbsOs and RbO, as an example, see Figure 1(a) and 1(b). The O, dimers in Rb4Os align in three
principle axes. Due to the geometric frustration, it does not show long-range magnetic orderings.10 In
contrast, the ground state of RbO» is experimentally confirmed to be AFM, for all the O, dimers align
parallel. The O, dimers couple ferromagnetically in the (001) planes in RbO, while interact
antiferromagnetically between adjacent planes with a relative shift of (0.5a, 0.5a, 0), where a is the lattice
parameter. Both magnetic exchange interactions are theoretically found to be indirect, i.e. via the cations
through superexchnage. So do for AFM KO, and CsO,. These facts suggest that the O, dimer layers in
such a stacking way favor the AFM interlayer exchange interactions for local moments. Recent studies
showed that the relative orientation of layers will give rise to tremendous changes in electronic properties
and hence result in emergent phenomena. We try to apply this idea to the O, dimer containing compounds

to explore how their magnetic properties will change. Specifically, rearrange the relative orientation of
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neighboring O> dimer layers while keep the intralayer unchanged. Figure 1(c) shows a possible simple
solution, where the O, dimers stack along the [001] direction in a head-to-head way. In this way, the O,
dimers in neighboring planes are expected to have direct exchange interactions and bring about a very

different magnetic property.

(a) (b) (c)
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Figure 1. (a) Sketch of arrangement of O dimers in Rb4Os. For simplification, all the cations are deleted.
(b) Orbital based schematic diagram of indirect interaction for RbO, and (c) hypothetically direct

interaction of O, dimers. The magnetic interactions come from the unfilled n* orbitals
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Figure 2. Magnetic density (electron/A*) of a-BaNaO; (a) (100) plane and (b) (200) plane. The magnetic
density pmag is defined as pmag=pup-pPdaown, Where pyp is the charge density of spin up electrons, piown the
charge density of spin down electrons. (c)-(f) Four possible collinear magnetic configurations. (g) Energy

differences between the FM and AFM1, AFM2, AFM3, NM configuration as a function of U, respectively.

The magnetic density, the difference between spin-up and spin-down electrons, indicates that magnetic
moments of a-BaNaQ, originate from the O, dimers, see Figure 2(a-b). Then the energies for non-magnetic
(NM), FM, and other possible three AFM configurations, see Figure 2(c-f), are calculated against a series
of U values. Figure 2(g) indicates that the FM configuration is the most favored state over all others
including the NM state from U=0 to U=9 eV. These results answer the question 1) and 2). Hence,
a-BaNaOQ, is a ferromagnet in its ground state. To answer the question 3), we resort to Monte Carlo

simulations based on the classical Heisenberg model. The Hamiltonian is  written
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asH=—-XY JIMM —% IMM—AY (=), where J, and J, are the first and second nearest-neighbor

L
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exchange coupling constants, and A is the anisotropy energy parameter. J, and J; are extracted from

Figure 2(g) by using different energies of magnetic ordering. A is extracted from the calculations on

varying spin orientations (see details at the SI). The obtained J;, /., and A are 36.9 meV, 15.9 meV, and

0.243 meV, respectively. Positive J,and J, indicate the coupling is FM.

The ferromagnetic ordering of a-BaNaO, could be explained by the coexistence of double exchange and
direct exchange interactions. Its chemical formula can be written as Ba>'Na'0,> 05, i.e. mixed-valent O,*
and Oy anions exist. Similar to La;xAMnO; (A=Ca, Sr, Ba), where the electron hopping from Mn?" to
Mn*" through double exchange, the itinerant electrons in the n* orbitals could hop from O,* to O™ in the
(001) plane mediated by Na* ions, guaranteeing the spins parallel. Along the [001] direction, a positive J;
could be explained as FM interaction through direct exchange interactions among the head-to-head O,

dimers. All neighboring O»-dimer layers are coupled ferromagnetically as expected.

0-BaNaOQy is different from the known O, dimer-containing compounds in both structure and magnetic
properties. Firstly, the orientation of O, dimers is a key factor. If they do not align in one direction, it is
hard to form long-range magnetic ordering. That is the cases for RbsO¢ and Cs4Os, where the O, dimers do
not align in an identical orientation, leading to frustrated magnetism. Secondly, the coupling type between
O, dimers is important. Although the dimers align along one direction in AO, (A=K, Rb, Cs), they show
AFM orderings because of inter-AFM coupling between adjacent planes. In a-BaNaOys, the adjacent planes
couple ferromagnetically through direct interactions. The coupling switch are attributed to the difference
stacking ways of O, dimer layers: a shift (0.5a, 0.5a, 0) between adjacent planes for former compounds and
a head to head along the ¢ direction for the latter. So, the direct-exchange interaction between adjacent O,
dimers along the c-axis plays a vital role in the formation of ferromagnetic ordering. To check this, we
shift the middle layer in AFM RbO, with a vector (0.5a, 0.5a, 0) within the unit cell, and the resultant
arrangement of O, dimers between the adjacent layers is head-to-head, see Figure S5 in the SI. In this

geometry, the calculated ground state changes into FM when U=6.5 eV.
4 Conclusion / Summary

In summary, by first principles calculations, we show that a-BaNaOQy is a half-metal. It is energetically
favorable, lattice-dynamically, mechanically and thermally-dynamically stable. It possesses robust FM
ordering with a T of 120 K. The partially occupied n* orbitals in the metallic channel and fully occupied
n* orbitals in the semiconducting channel is the origin of half-metallicity. Unlike previously reported AO»
(A=K, Rb, Cs) with AFM orderings between (001) layers through indirect exchange interactions, the O,
dimer layers in a-BaNaO, coupled ferromagnetially through direct interactions with head-to-head
alignment along the [001] direction. Our work provides new insights in exploring the FM and

half-metallicity in O,-dimer-containing compounds.

Reference: Molecule Oxygen Induced Ferromagnetism and Half-metallicity in a-BaNaOs: 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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Detailed assessment procedure for residual capacity of reinforced concrete
buildings

Ken Elwood

University of Auckland
1 Introduction

The principles of ductile detailing and capacity design have long been incorporated into the seismic
provisions of many reinforced concrete design codes. This strategy of developing controlled plastic
hinging is effective in preventing structural collapse, but does not guarantee the post-earthquake usability
or reparability of reinforced concrete buildings. Severe plastic hinging damage, evidenced by crushing of
the confined core or buckling of reinforcement, will typically necessitate full reinstatement of the concrete
component or post-earthquake demolition, but such damage is rare for modern construction except under
very strong ground motions. A ‘moderate’ level of plastic hinging damage, characterised by flexural
cracking, yielded longitudinal reinforcement, and possible spalled cover concrete, has been more
commonly observed in buildings designed to modern codes following recent earthquakes in New Zealand.
Improved understanding of the effects of such damage is required in order to make informed decisions in

post-earthquake situations.

In post-earthquake situations, repair of moderate plastic hinging damage can be undertaken by filling the
crack system with epoxy resin and reconstituting spalled cover concrete. This study uses available
experimental test data, including three large-scale ductile beams tested by the authors, to investigate the
effects of epoxy repair on the structural behaviour of plastic hinges, with a focus on beam elements.
Factors that have been neglected in past studies, including the effects of residual deformations at the time
of repair, are given special attention. It is found that epoxy-repaired plastic hinges can exhibit different
behaviour from identical undamaged components in terms of stiffness, strength, deformation capacity, and
axial elongation. Potential explanations for the observed differences in behaviour are given, and
recommendations are made for how these differences can be quantified in order to relate the expected
response of an epoxy-repaired plastic hinge to the response that would be calculated for an identical

undamaged component.
2 Aims of Research

This study draws on experimental data to make quantifiable recommendations on how to calculate the
post-repair response of epoxy-repaired plastic hinges in beam-column elements. Tests conducted by the
authors are used to gain insight into the aspects of epoxy repair that have been neglected in past studies,

while a dataset that also incorporates previous experiments available in the literature is used to draw
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further conclusions. The term ‘epoxy repair’ here refers to epoxy injection of cracks, which may or may
not be accompanied by patching of spalled cover concrete using repair mortar. Damage due to degradation
of the bond between reinforcement and concrete is implicitly accounted for in this study. However, the
experimental dataset generally only covers well-anchored longitudinal reinforcement, such that the
findings are not applicable to beam-column joints with depths not meeting modern ductile design criteria.
The findings of this study may also be applicable to repairs that use vacuum impregnation to fill cracks
with epoxy, although limited data on this method of repair is available. This study is focused on repair of
moderate flexural damage, as previously defined. The results are not applicable to repair of damage not
consistent with flexural plastic hinging, or repair of severe flexural damage involving crushing of core

concrete and buckling or fracture of longitudinal reinforcement.

3 Results

Selected results from the full study are provided below, for further details refer to Marder et al (2020).

The presence of residual axial elongation at the time of repair can cause an increase in the maximum
cumulative elongation (i.e. the sum of the pre-repair residual elongation and the post-repair elongation) of
a repaired plastic hinge, relative to the maximum elongation that would be likely to occur if no repair was
conducted. The experiments identified in the literature did not typically report the residual deformations
prior to repair, but this increase in cumulative elongation was evident in the repaired beam specimens

tested by the authors.

Fig. 1 shows how the post-repair elongation versus drift response of specimen LD-2-R [Fig. 1(b)] was
similar to that of an undamaged specimen subjected to an identical cyclic loading protocol (CYC-NOEQ,
shown in [Fig. 1(c)]). The post-repair elongation of specimen LD-2-R was cumulative to the residual
elongation of approximately 12.5mm that was measured following the initial earthquake loading. The
equivalent unrepaired specimen LD-2 [Fig. 1(a)] exhibited the same residual elongation of 12.5mm
following the initial earthquake loading, but considerably less elongation during cyclic loading (Smm
versus 20mm), as shear sliding deformations became dominant and prevented further elongation from

developing).

In order to quantify the cumulative elongation in a repaired plastic hinge, it is recommended that the
post-repair elongation be considered as equivalent to what would develop in an identical undamaged
component. Eq. (1) was introduced in NZS 3101:2006 Amendment 3 (Standards New Zealand, 2006) as a
conservative method of calculating the maximum expected elongation for a given rotation demand in a
reversing plastic hinge not subjected to axial load. Fig. 1 shows that this equation conservatively
over-predicts the elongation for the unrepaired specimens, but under-predicts the post-repair elongation of

specimen LD-2-R. The maximum expected cumulative elongation in a repaired plastic hinge for a given
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(post-repair) rotation demand can be conservatively estimated by simply adding the measured residual

elongation at the time of repair to the NZS 3101:2006 elongation equation, as shown in Eq. (2).

, (1)

T T . —

L | y =7 n LA NNITER (2)
i & 1 5= i — WS EA
E resia i

where e is the maximum elongation of the plastic hinge per the NZS 3101:2006 equation, 8y, is the maximum
rotation demand on the plastic hinge, d and d’ are the depth from the extreme compression fiber to the
tension steel and compression steel, respectively, hy is the member depth, €resig is the measured residual
elongation at the time of repair, and €repair is the maximum cumulative elongation of the repaired plastic

hinge.

An upper bound of predicted axial elongation of approximately 3.6% of the beam depth (~25mm in these
beam specimens) is included in the NZS 3101:2006 equation, to account for deformation mechanisms such
as shear sliding or longitudinal reinforcement buckling precluding further elongation from developing.
While this limit was conservative for all unrepaired specimens tested by the authors, the residual
elongation at the time of repair rendered it non-conservative for specimen LD-2-R [Fig. 3(b)], which
developed an elongation of approximately 5% of the beam depth prior to failure. Again, addition of the
measured residual elongation at the time of repair to the 3.6% of beam depth limit can be used as a simple

method of modifying this equation to be applicable to repaired beams.
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Fig. 1. Axial elongation versus drift relationships for specimens LD-2, LD-2-R, and CYC-NOEQ (cycles
up to 3.3% drift)
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A dataset of eleven of the tests were collected to assess the ratio of secant stiffness to yield for post-repair
and equivalent undamaged cases. Ten of the specimens had stiffness ratios ranging from approximately
0.8-1.1, with the Lehman-415MR specimen being an outlier with a stiffness ratio of approximately 0.5.
The Lehman-415MR specimen was a circular bridge column with axial compression while all other
specimens involved plastic hinging in a rectangular beam without axial load (except the cyclic
compression induced in the one axially-restrained specimen LD-2-LER-R). Lehman et al. (2001) attributed
the reduced stiffness to degradation of the concrete stiffness and strength, and degradation of the bond
capacity between the concrete and reinforcing steel. Another possible hypothesis for the lower stiffness is
that the axial load may have caused closure of cracks at which the longitudinal reinforcement had
previously yielded, limiting the ability of the epoxy resin to penetrate these cracks. It is recommended that
additional experimental work be conducted on epoxy repair of ductile reinforced concrete columns

subjected to axial compression to further investigate these hypotheses.

In Fig. 2, the ratios of repaired to undamaged secant stiffness to yield are compared against the
approximate maximum applied displacement ductility prior to repair. It can be seen that the level of
displacement ductility that the specimens were subjected to prior to repair is not correlated with the ratio of
repaired to undamaged stiffness. This lack of correlation indicates that the demands incurred prior to repair
do not have to be considered when estimating the post-repair stiffness, a convenient outcome given the
uncertainty in estimating the pre-repair demands. It is here recommended that epoxy repair of plastic
hinges in beams can be conservatively assumed to restore a secant stiffness to yield that is 80% of what
would be calculated for an equivalent undamaged beam. This is consistent with the recommendations
made by FEMA 306 for epoxy injection of moderately damaged reinforced concrete walls or coupling
beams (Applied Technology Council, 1998). A bounding analysis, with an upper bound stiffness

approximately equal to that of the undamaged beam, may be appropriate in some circumstances.
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Fig 2: Ratio of repaired to undamaged stiffness versus the displacement ductility prior to repair for eleven

test specimens
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4 Conclusion / Summary

Results from three repaired beam tests conducted by the authors are discussed. The beams were repaired
by epoxy injection and reconstitution of spalled cover concrete following an initial damaging earthquake
displacement history loading. As compared with nominally identical (unrepaired) test specimens, the

repaired specimens were found to exhibit:

. increased strengths (<10% higher),

il. reduced secant stiffness to yield values (15 to 25% lower),
iii. increased axial elongation,

iv. longer lengths along which inelastic damage was spread, and
v. comparable energy dissipation and deformation capacities.

Data from these tests, as well as additional relevant data from the literature, were used to derive
recommendations on how to quantify the expected response of an epoxy-repaired plastic hinge. The
recommendations are based on the limited data available, and are only applicable to ductile frame members
exhibiting damage no more severe than flexural cracking (the maximum injected crack width in the beams
tested by the authors was 3.5mm), longitudinal reinforcement yielding, and cover concrete delamination.
The recommendations are not valid for members exhibiting severe damage characterised by bar buckling

or crushing of core concrete.

The study (Marder et al 2020) yielded the following recommendations:

Repaired plastic hinges exhibit elongation versus drift responses comparable to what would occur
in identical undamaged components and cumulative to any residual elongation at the time of
repair. It is recommended that future test programs on epoxy repair report the residual
deformations prior to repair in order to further evaluate this conclusion.

In beams with little or no axial load, a lower-bound post-repair initial secant stiffness to yield can
be estimated as 80% of the stiffness for an identical undamaged component. Repaired columns
may exhibit less stiffness restoration; further research is recommended.

The flexural strength of a repaired ductile plastic hinge is typically at least as high as that of an
identical undamaged component.

When considering overstrength of a plastic hinge, it should be recognised that repaired plastic
hinges can exhibit flexural strength increases of up to 25% relative to the strength of identical
undamaged components. The authors attribute these strength increases to strain ageing and/or
higher levels of strain hardening in the longitudinal reinforcement. The measured residual
elongation at the time of repair can be used to calculate an approximate increase in reinforcement
strength due to additional strain hardening. Further research is required on repaired plastic hinges

with strain-aged longitudinal reinforcement; however, a conservative (upper-bound) strain ageing
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factor of 1.15fy for assessing the overstrength of repaired hinges with reinforcement that is
susceptible to strain ageing is recommended until such data are available. These recommended
increases in overstrength are in addition to the standard reinforcing steel overstrength factor
specified in NZS 3101 (Standards New Zealand, 2006).

The post-repair energy dissipation characteristics of repaired plastic hinges are usually
comparable to what would occur in identical undamaged components. In cases where severe
degradation of the longitudinal reinforcement anchorage occurs, epoxy repair may be unable to
fully restore the energy dissipation capacity.

The post-repair deformation capacity of repaired plastic hinges may or may not be reduced
relative to identical undamaged components. If strength increases due to repair force plastic hinge
relocation, higher local demands are induced for a given inter-story drift demand. If the plastic
hinge does not relocate, reductions in strain capacity of the longitudinal reinforcement, due to
strain ageing or residual elongation at the time of repair, has the potential to cause a reduction in
deformation capacity in members controlled by tensile fracture of the longitudinal reinforcement.
An approach based on moment-curvature analysis and equivalent plastic hinge lengths, e.g. as
described in the New Zealand seismic assessment guidelines (New Zealand Guideline, 2017), may
be useful for estimating the deformation capacity of repaired plastic hinges in such cases. In the
beams tested by the authors, residual elongation at the time of repair was not found to have any

effect on deformation capacity. Further research is required.
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Behavior of RC columns under biaxial shear and bending moment

Marco Di Ludovico

University of Naples Federico 11
1 Introduction

During seismic events, structures are subjected to two simultaneous components of ground motions,
which cause three-dimensional structural responses and biaxial lateral solicitations in vertical members.
The biaxial loading can cause several damage and loss of capacity in vertical RC members. Such damage
could also lead to the structural collapse, especially in existing structures. In a performance-based design
framework, the effects of the simultaneous presence of two components of horizontal actions should be
taken into account. However, in order to avoid the uncertainties and difficulties in performing
bi-directional analysis, current international codes and standards allow to perform two independent
unidirectional analysis and then to combine the responses with defined combination factors. It should be
noted that taking into account of biaxial effects on structural capacity during the design process will reduce
the losses after seismic events and will allow the design of proper strengthening interventions. Very few
studies have been carried out on the experimental behavior of RC members subjected to biaxial horizontal

actions and models for predicting the capacity of those members are very limited.
This is a continued project from CRP 2018.
2 Aims of Research

The research project aimed at investigating the behavior of reinforced concrete (RC) columns under
simultaneous horizontal actions (i.e. biaxial shear and bending) and axial load. This complex load
condition is the most realistic simulation of the real solicitation on vertical members of three-dimensional
structures under seismic excitations. The main investigation topics are focused on the estimation of the
members capacity reduction, both in terms of strength and deformation, due to the biaxial lateral actions
with respect to conventional uniaxial load conditions. Both flexural and shear critical members will be
considered. The reduction of strength capacity is of particular interest, especially in case of shear critical
members. The shear-flexure interaction mechanism (i.e. shear failure after the flexural yielding) in case of
biaxial actions is one of the most crucial aspects that need to be investigated, since very limited research

has been developed in this field.
3 Results

During the project, the researchers investigated the capacity and behavior of shear critical RC columns
subjected to biaxial lateral loading. In the first phase, a thorough literature review has been performed, in

order to understand the experimental behavior of RC columns failed under biaxial shear. A state-of-the-art
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about the experimental tests currently available in the international literature for RC columns subjected to
biaxial shear has been compiled. Up to now, a very limited number of experimental tests have been
performed in such loading condition for shear critical columns, with respect to the number of tests
performed on slender columns, governed by a ductile behavior. Furthermore, most of the experimental
program focused on circular and square columns, with reinforcement details often not representative of RC
members typical of existing buildings. The few experimental results shown that the shear capacity
interaction domain can be well approximated with a circular interaction domain. The circular shear

interaction domain is also suggested by the Japan Society of Civil Engineers Code (JSCE):

M

Where V,and Vy are the components of shear acting along x and y directions, respectively, Vyoand Vy are

the uniaxial shear capacity in x and y directions, respectively.

This also represents the only analytical model on biaxial shear provided in current international codes and
standards. Based on the few results, this approach provides a reliable estimation of the capacity of circular
and square columns under biaxial shear. However, given the lack of experimental tests on different

columns typologies, the limitation of such model can not be estimated.

In the second phase of the project, a literature review about the numerical/analytical models for predicting
the performance of columns subjected to biaxial shear has been done. Few authors faced with the
definition of numerical/analytical models for the biaxial shear capacity. Furthermore, the models suggested
for assessing the biaxial shear capacity are mainly a modification of the mechanical models already
developed for the case of uniaxial shear. The main modification relies on mechanical considerations
regarding the stress-strain behavior of the compressed concrete under a biaxial shear. This reduced
capacity affects the shear resisting mechanism in the arch effect due to the concrete in compression.
However, the lack of experimental data does not allow for a generalization of such models for RC columns

with different properties from each database of calibration.

4 Conclusion / Summary

The conclusions from the work done in this project are that, 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 concrete performance 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. More experimental research is needed to fill

these gaps.
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MODES, MECHANISMS AND LIKELIHOOD OF SEISMIC SHEAR
FAILURE IN REINFORCED CONCRETE COLUMNS

Marc O. Eberhard
University of Washington

1 Introduction

The shear failure of a reinforced concrete (RC) column during an earthquake can lead to the rapid
degradation of its lateral-load capacity, its axial-load carrying capacity, and on occasion, the partial or total
collapse of a structure. To prevent such shear failures in new structures, seismic design codes in Japan, the

United States and elsewhere usually have a large factor of safety against shear failure.

This high level of safety used in the design of new structures is difficult to achieve economically in many
existing structures, because many of the design and evaluation equations for shear strength are inadequate.
The existing equations are often excessively conservative and apply only to a particular type of column
failure. In any case, these methods cannot be used easily to estimate the likelihood of shear failure, because

the demand and resistance statistics have not been quantified.

The collaborative project is building on existing work to develop a versatile methodology that can evaluate

the likelihood that a column will fail in shear.
2 Aims of Research

The collaborative project is building on existing work to develop a versatile methodology that can

evaluate the likelihood that a column will fail in shear.
3 Results

Professor Eberhard and his colleagues developed a multi-mechanism, shear-assessment procedure by
combining and modifying a shear-strength model for truss-tension failures with a softened strut-and-tie
model for strut-compression failures. The procedure also includes new equations to account for
diagonal-tension and truss-compression failures. The procedure was calibrated using the results of 390
cyclic tests of rectangular reinforced concrete columns. For the 175 columns that failed in shear or
flexure-shear, the ratio of the measured shear strength to the calculated strength had a mean of 1.01 and a
coefficient of variation of 0.15. The procedure correctly identified the critical shear-resistance mechanism
for 86% (43/50) of the columns in which the calculated shear-mechanism capacities differed by at least 6%.

The procedure also correctly identified the failure mode for all of the 215 columns that failed in flexure.
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These results were disseminated in the following publication:

Hua, J., Eberhard, M.O., Lowes L.N., and Gu, Xianglin (2019). “Modes, Mechanisms
and Likelihood of Seismic Shear Failure in Rectangular Reinforced Concrete Columns.
Journal of Structural Engineering, ASCE. 145(10), October, DOI:
10.1061/(ASCE)ST.1943-541X.0002365.

This year, the team has focused on the performance of columns subjected to displacements in directions
that are not parallel to one of the faces of the column. The work has focused on tests performed at Tongji
University, China, in which ten full-scale RC intermediate short columns (Fig. 1) with square
cross-sections were subjected to displacement histories oriented 30°0r 45°to their column faces. The
columns had a variety of height-to-depth ratios (3.1 or 3.7), axial-load ratios (13% or 30%), and volumetric

transverse-reinforcement ratios (0.35% or 0.70%).
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Fig. 1 Specimen elevation and cross-section

The performance of these columns was documented in terms of their cracking patterns, shear strengths,
effective stiffnesses, degrading stiffnesses, and inelastic shear behavior. Based on these experimental
results, a piecewise linear model was developed to predict the envelope of cyclic shear response, including
the shear deformation and corresponding shear force at shear cracking, peak strength, and deformation at
loss of axial-load-carrying capacity. Verification of the proposed model with test data from this study and
earlier studies indicated that the model was sufficiently accurate to be used for the seismic evaluation and

rehabilitation of existing buildings.
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A manuscript that describes the tests and modeling methodology will be submitted for review within the

next month.

4 Conclusion / Summary

The research team has continued its work on the development of versatile models of the shear-force and
shear-displacement of reinforced concrete columns. In October 2019, one paper was published that
described a modeling methodology for columns subjected to deformations parallel to one of the column
faces. The team will so submit a manuscript on the performance of columns subjected to more general

directions of deformation.
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Development of innovative dampers for seismic applications

Tony T.Y. Yang
The University of British Columbia

1 Introduction

Metallic dampers are commonly used in earthquake engineering application to dissipate the sudden
surge of earthquake energy. In this research, a simple metallic damper, named Welded Wide 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 easy to be fabricated into any shapes; 2) the use of the
welded plate as the web of the WWFF makes the WWFF very stiff and very efficient 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 the influence of different geometry parameters (such as aspect ratios, slenderness
ratios, and size ratios) of the WWFF on the nonlinear behavior (such as force—deformation
relationship, buckling and failure mode, energy absorption, over—strength factor) of WWFF are
systematically examined. The result shows that the newly proposed WWFF has high stiffness and
stable energy dissipation capacity, where WWFF can be used as a cost effective and efficient

metallic damper.

2 Aims of Research
The aim of the research is to develop a high performance metallic damper for earthquake

engineering applications.

3 Results

Fig. 1 shows a concept of the Welded Wide Flange Fuse (WWFF). The WWFF is designed to dissipate
the earthquake energy through inelastic shear deformation of the web panel, while the end plates
remain elastic. To understand the seismic behavior of the WWFF, a series of WWFF were
experimentally tested. Table 1 shows the summary of the tested specimens. Fig. 2 shows the typical
specimen geometry. Fig. 3 shows the setup for the WWFF. The setup is restrained by the pantograph
on the right and an out—of-plan restraint on the left. The pantograph is designed to prevent
the setup from rotating in plane without restraint in the U2 direction. Hence, WWFF can be tested
in pure shear with double curvature bending when the actuator is loading in the Ul direction.
The use of the out—of-plane restraint and fin prevents the setup from translating and rotating
out of plane. The specimens are connected to the loading beam and the reaction frame using bolts

connections through WWFF flanges.
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4 Conclusion / Summary

A series of WWFF specimen were conducted experimentally. The experimental results show that

the WWFF can dissipate stable energy dissipation. The WWFF hysteretic shape is affected by the

slenderness ratio and is independent to the aspect ratio. Preliminary results show that the

proposed WWFF can be used as efficient energy dissipation damper for seismic applications

u2 Loading direction
%Ul Elastic
U3
Elastic
Figure 1: Prototype WWFF
Table 1. Summary of the test specimens
Web Thk | Length | Depth Net Depth 5 A Flange Thk
Flange
Specimen t. a D D' =D -2t n' @ ty
— — type
[mm] [mm] | [mm] [mm] ty L [mm]
A0.75522 4.8 78.6 114.3 104.8 22.0 0.75 19 B
A0.75522-1.3 6.4 104.8 | 152.4 139.7 22.0 0.75 19 B
A0.75S22-2 9.5 157.2 | 228.6 209.6 22.0 0.75 25 A
A1.5522 4.8 157.2 | 114.3 104.8 22.0 1.50 19 B
A2S522 4.8 209.6 | 114.3 104.8 22.0 2.00 19 A
A0.75S532 4.8 1143 | 161.9 152.4 32.0 0.75 19 B
A1.5532 4.8 228.6 | 161.9 152.4 32.0 1.50 19 A
A2S32 4.8 304.8 | 161.9 152.4 32.0 2.00 25 A
A0.75543 4.8 152.4 | 212.7 203.2 42.7 0.75 19 B
A1.5543 4.8 304.8 | 212.7 203.2 42.7 1.50 25 A
! . 6@3" 1% 1@3" 1%
L T It Il JIT TT] . _T T
| N t 0O 0 0 0 01 . 0 0o 0o o
a c O o O O B KX c O O O
DD | Weld e Al I R I i
| line ¢ 0O 0O 0 0 O : 6: O O 0 ©
i | y” 000 0 o & o 0 0 o
T T Il T 171 F
| 2
TYPEA TYPE B

(a) Notation used for WWFF

(b) Bolt pattern A
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Fig. 2 Typical specimen geometry
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Exploration Novel Superconductors with Abundant Element using High
Pressure High Temperature Method
Yanpeng Qi
School of Physical Science and Technology, ShanghaiTech Univerisity

1 Introduction

To meet the world's current energy challenges of short supplies and dependence on polluting fossil fuels,
alternative clean energy sources are in demand. Superconductors, which exactly zero electrical resistance
and expulsion of magnetic flux fields occurred when cooled below a characteristic critical temperature, are
considered as potential materials for energy conservation. The electrical resistance of a metallic conductor
decreases gradually as temperature is lowered. In ordinary conductors, such as copper or silver, this
decrease is limited by impurities and other defects. Even near absolute zero, a real sample of a normal
conductor shows some resistance. In a superconductor, the resistance drops abruptly to zero when the
material is cooled below its critical temperature. An electric current through a loop of superconducting
wire can persist indefinitely with no power source. On the other hand, high-pressure method is effective
way to explore novel superconductors, which cannot be synthesized using normal methods. Indeed, we
have successfully synthesized some new superconductors using high-pressure method, such as Pyrite-Type

Iridium Chalcogenides Ir,Ch,, alkaline earth metal-filled skutterudites BaIrs X, etc.

In this project, we will continue to explore novel superconductors using high pressure high
temperature method, however, now we focus on abundant element materials. We will illustrate the
relationship between materials’ functions and constituting elements. Function is connected to elements
through their structures. Although each element has intrinsic degree of internal freedom, such as size,
charge, electron orbital, spin, and so on, the structural factors offer much space for cultivation. A high
value should be placed on finding unexplored relations between function and element. Renovating the
traditional image of each element is the ultimate goal of this project. Through this study, we expect to
discover serval new materials with exotic physical properties, such as superconductivity. More importantly,
based on summarizing the common features of high pressure methods, we might find the key factors to

create new materials science leading to breakthroughs for the solution of the rare element crisis.
2 Aims of Research

The target of this project is exploration novel superconductors with Abundant Element using high

pressure high temperature methods:

1. Synthesizing several novel materials especially superconductors with abundant element using high
pressure high temperature method. Via these methods, new structure can be obtained that usually cannot be

got under atmospheric pressure.
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2.Investigation the exotic properties of the new superconducting materials via investigating the crystal,

magnetic and electronic structures

3. Exploration the relation between structure and superconducting properties. In addition, we will study the
influence of doping/intercalation on the superconducting properties and try to improve superconducting

transition temperature.

3 Results

We report the discovery of superconductivity in W3ALC (T, = 7.6 K) synthesized by high pressure
method. W3ALC is isostructural to Mo3AlL,C (space group P4;32) but with stronger spin-orbit coupling
(SOCQ). Different from the Mo3;Al,C with metallic nature, the resistivity of the normal state of W3ALC shows
a non-metallic behavior. A specific heat jump of ACe/yT. = 2.7 and gap energy of 2A(0)/T. = 5.43 are
observed, which are much larger than that of MosALC (2.1 and 4.03) and the expectation of
Bardeen-Cooper-Schrieffer (BCS) theory (1.43 and 3.52). However, the Sommerfeld coefficient of W3ALC
is less than half of that of its Mo counterpart, and the specific heat above 2 K shows a power-law divergence
following Ces/yT. ~ (T/T¢)*? rather than an exponential relation. Theoretical calculations show that the Fermi
surface of W3ALC is dominated by W-5d electrons and the inclusion of SOC significantly changes its band
structure, density of states (DOS) and Fermi surface topology. The realization of superconductivity by
replacing 4d Mo towards 5d W provides a candidate for the search of potential triplet superconductors with

enhanced SOC.

In addition, we report the discovery of an anomalous charge state evolution in the superconducting
M;ALC (M = Mo, W) system, where electron doping can be achieved through ‘oxidation’. Specifically, with
the continuous removal of electron donor (Al) from the structure, we found an electron doping effect in the
negatively charged transition metals. Over a certain threshold, the charge state of transition metals goes
through a sudden reversion from negative to positive, which leads to a subsequent structure collapse.
Concomitantly, the previous robust superconducting transition temperatures (T.s) can be flexibly modulated.
Detail analysis reveals the origin of the superconductivity and the intimate relationship between the charge
state and the electron-phonon coupling constant. The peculiar charge state in M3AlC plays an important role

in both its structure and superconductivity.

4 Conclusion / Summary

In summary, we report the discovery of a new noncentrosymmetric superconductor W3AlLC with T, =7.6
K. Compare to its isostructural MosAlLC, replacement of 4d-Mo to 5d-W brings a significant difference
towards resistivity, Sommerfeld coefficient, band structure, and Fermi surface topology. The strong
electron-phonon coupling, large superconducting gap energy and power law heat capacity above 2 K cannot
be explained in the framework of weak coupling s-wave BCS theory. Further studies of co-doping

(W1xMox)3ALC should be interesting due to the similarity to its chiral counterpart Liy(Pd;.«<Pdx);B. The
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above results provide a new platform to study the antisymmetric SOC and unconventional superconductivity.

More interesting, we found the intrinsic Al vacancy is dynamically favored in W3ALC, but not in
MosAlLC. A soft chemical etching method was applied and the content of Al can be feasibly controlled. An
interesting discovery is the non-monotonic evolution of the charge state in the transition metals. This
observation may provide new insights into the design of functional materials where electron doping can be
achieved by the extraction of electron donors. The subsequent collapse of the crystal structure can be well
explained by the abrupt reversion of the charge state in the transition metals. This anomaly may be related to
the moderate electron negativity of Al and its surrounding chemical environment which worth further
investigations. Apart from the tunable T., the controllable Al also provides us an ideal opportunity to
compare the heat capacity and phonon contribution in different samples, which clarifies the origin of the
superconductivity in the M3Al,C system. Detail analysis shows the negatively charged transition metal and
the charge redistribution change the MsC subunits and are responsible for the observed phonon hardening.
The existence of an intrinsic Al deficiency in the as-prepared W3Al; 75Co s implies that a further enhancement
of T. can be expected through non-equilibrium processes such as electrochemical intercalation at room
temperature. It is thus also possible to backfill the vacancies thermodynamically through the reaction of the
W3Ali 75Co g in the bath of certain metals with low melting points. The proposed etching method should be

applied to other superconductors containing Al and Zn.
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Seismic Performance of Exposed-Type Column Base Connections
with Flexible Base Plate

Yao CUI
Dalian University of Technology, P.R. China

1 Introduction

Exposed column bases are commonly used in low- to medium-rise steel moment resisting frames, which
comprise a steel base plate welded to the end of the column and anchor rods that connect the base plate to a
foundation beam. The exposed column base with anchor rod yielding is expected to rock over the foundation
beam like a rigid body. This rigid body motion enables the column base to develop excellent self-centering
behavior, while evident pinching and slip behavior would be observed in the hysteresis curve due to the plastic

elongation of anchor rods.

A new type of exposed column base with energy dissipaters was proposed to improve its seismic performance
in this project. Hereafter, the energy dissipater was designated as fuse. The so-called bar-type fuses were placed
on both sides of the column, and were tied to the column and foundation beam with high-strength bolts. The
mid part of the fuse was weakened in order to concentrate the deformation and consume energy. The geometry

of the bar-type fuse was shown in Fig. 1.
2 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 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.
3 Results

The test consists of four 2/3-scale specimens, which were designed according to an actual steel moment
building. Figure 1 shows the basic dimensions of the specimen, comprising the steel column, steel beam, base
plate, anchor rods, and fuses. All specimens were subjected to a constant axial load and lateral cyclic loading
controlled by displacement, as shown in Fig. 2. The mainly investigated parameters are the width-to-thickness
ratio and cross-sectional area of the bar-type fuse. The specimen matrix is shown in Tablel. For instance,
Specimen B56T10 represents that the specimen with the fuse width and thickness of 56 mm and 10 mm,

respectively.
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Table 1. List of specimens

Fuse
Anchor Axial force

No. Specimens Width  Thicknesst Width-to-thickness Cross-sectional

B/mm / mm ratio area / mm?> rod ratio
1 B56T10 56 10 5.6 560 M20 0.2
2 B40T14 40 14 2.86 560 M20 0.2
3 B70T8 70 8 8.75 560 M20 0.2
4 B70T14 70 14 5 980 M20 0.2

The failure modes of the four specimens at the maximum drift angle during the loading are photographically
shown in Fig. 3. The test phenomenon showed that the behavior of all four specimens were dominated by
rotation, and the rotation pivot was located at the column flange on the compression side. On the tension side,
the bat-type fuse was elongated, while the angle steel plate connecting the fuse to the steel beam was pulled up
due to insufficient constraints. On the compression side, obvious buckling was observed on the bar-type fuse.

Finally, the bar-type fuse on the tension side was ruptured and the loading was terminated.

(a) B56T10 (b) B40T14 (c) B70T8 (d) B70T14

Figure 3. Failure modes
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Figure 4 shows the moment-drift angle curve for all four specimens under cyclic loading. Cumulative energy
dissipations of each loading cycle for each specimen are illustrated in Fig. 5. For Specimens B56T10, B40T14
and B70TS, the cross-sectional area of the bar-type fuse was the same with various width-to-thickness ratio. It
was obvious that the hysteresis curve of Specimen B70T8 with the largest width-to-thickness ratio enclosed
relative small area and failure earlier at the drift angle of 0.08 rad. While Specimen B40T14 with the smallest
width-to-thickness ratio exhibited larger energy dissipation capacity and good ductility, the specimen was
failure at the drift angle of 0.12 rad. Specimen B70T14, by using larger cross-sectional area of the bar-type fuse,
was able to develop the highest moment strength and its hysteresis curve enclose larger area than Specimen
B56T10. It could be concluded that either reducing the width-to-thickness ratio or increasing the cross-sectional
area of the bar-type could significantly improve the moment strength and energy dissipation ability of the

exposed column base.
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4 Conclusion / Summary

Based on the experimental analysis, the effects of the width-to-thickness ratio and cross-sectional area of the
bar-type fuse on the seismic behavior of the proposed exposed column bases were discussed. The major
observations obtained from this project are summarized as follows:

1. Under combined axial and flexure load, the behavior of the exposed column base with bar-type fuse was
dominated by rotation with the rotation pivot was located at the column flange on the compression side. This
type of exposed column base exhibited excellent self-centering behavior without compromising the energy
absorption.

2. The width-to-thickness ratio of the bar-type showed great influence on the moment strength and energy
dissipation capacity of the proposed column base. The reduction in the maximum moment strength and energy
absorption when the drift angle reached 0.03 rad was 14% and 28%, as the width-to-thickness ratio increased
from 2.86 to 8.75.

3. With the increase of cross-sectional area of the bar-type, the hysteretic curves enclosed larger area. Specimen
B70T14 developed as much as 24% and 25% larger maximum moment strength and energy absorption than

those of Specimen B56T10 due to the use of larger bar-type fuse, respectively.
Publication of Research Results

[1] 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.
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High-pressure synthesis and charge state study of PbFeO3

Youwen Long

Insititute of physics, CAS

1 Introduction

Charge degree of freedom in transition metals gives rise to various fascinating properties such as
charge ordering associated with metal—insulator transition, colossal magnetoresistance, high-temperature
superconductivity, and high thermopower etc. Pb is a main-group element, but it has a charge degree of
freedom stemming from the possibility of having either the 6s* (Pb?") or the 6s° (Pb*") electronic
configuration. Since the 6s levels of this element are close to the d levels of transition metals and the
oxygen 2p levels, PbMOj; exhibit systematic valence distribution changes when the 3d transition metal M
is changed. From left to right in the periodic table, a charge distribution change is observed three times in
PbMO; depending on the depth of the 3d level of the transition metal: PbVOs is Pb**V*'O; as in
Pb?'Ti*" 03, but PbCrOs has been found to be Pb**osPb*"(sCr’**O; with charge-disproportionated Pb?" and
Pb*". PbCoO; has turned out to be Pb?>"Pb*"3C0?",C0’*,01, [13]. PbNiO; has a valence distribution of
Pb*Ni?*Os. Nearly all the charge states and physical properties of PbMO; compounds are already clear.
However, PbFeOs, the last brick of this series, its charge and physical properties are still unclear, because
of the absence of high-quality sample, which can only be synthesized under high pressure and temperature
conditions.

In the current research, we focused on the high-pressure synthesis of a single-phase PbFeOs
perovskite oxide, and then investigated the detailed charge states of Fe and Pb. As is well known, x-ray
absorption is very sensitive to the valence state of metal ions. We obtained the high-quality sample, and
synchrotron-based soft and hard x-ray absorption spectroscopy was used to identify the cation valence
states, and then determined its possible charge state. Based on our research experience, charge
disproportionation of Pb?*" and Pb* was observed and charge combination transformation would be
possible to be achieved under high pressure in the future researches. Accompanying with the
transformation, one could also find the joint variations of physical properties like magnetism and electrical
transport. Therefore, it is very important and meaningful to prepare high-quality PbFeOs; sample and study

its charge states as well as the resulting physical properties.
2 Aims of Research

The perovskite family of PbMOs exhibits interesting charge combination and resulting physical
properties. For example, Pb>"M*'Os-type charge combination is found to occur in PbTiOs; and PbVOs,
whereas it changes to Pb?"(sPb*'osM3*Os-type in PbCrO; and Pb?>"'Pb*;M?*",M3**,01,-type in PbCoOs.
Before our present research, the detailed charge state of PbFeO; was unknown because a high-quality
sample was absent to obtain. The main aim of this project was going to apply high pressure and high
temperature conditions to prepare a single-phase PbFeOs sample, and then would investigate the detailed

charge states for Pb and Fe both at different temperatures by a series of synchrotron-based spectroscopy

- 66 -



methods. It was highly expected to find exotic charge states as well as the temperature-induced charge

combination transition in this compound.
3 Results

We tried many conditions using high pressure and high temperature method to synthesize single-phase
PbFeO; samples, and finally we obtain the optimal reaction conditions. Starting materials of high purity
(>99.9%) PbO, PbO, and Fe,O3 with an 1:1:1 mole ratio were thoroughly mixed in an agate mortar within
an argon-filled glovebox, and then sealed into gold capsules with a diameter of 3 mm and a height of 3.5
mm. The capsule was treated at 8 GPa and 1423 K for 30 min in a cubic-anvil-type high-pressure
apparatus and quenched to room temperature prior to the slow release of pressure. The temperature
window was quite narrow: more impurities would be introduced when the temperature was too high or too
low.

The synchrotron X-ray diffraction (SXRD) at room temperature (RT) for PbFeOs, as shown in Figure
1, was collected using a large Debye-Scherrer camera installed at the BL0O2B2 beamline of Spring-8 with a
wavelength A of 0.41965 A. The structure refinements were performed by the Rietveld method using the
GSAS program. The most reliable structure model was assigned by comparing the satisfactory factors Ry,
Ry and x? based on refinements of SXRD. Almost all of the peaks can be indexed for an unusual 2a,%6b,%
2¢, orthorhombic super unit cell. The valence distribution was estimated from bond valence sum (BVS)
calculations, from which we could preliminarily determine the charge states at RT. In our analysis, the
SXRD data can be best fitted on an orthorhombic superlattice model with a centrosymmetric space group
Cmcem (no. 63). In this crystal symmetry, the Pb atoms occupy a special Wyckoff position 4c (0, y, 0.25),
Fe atoms occupy two special positions 8d (0.25, 0.25, 0) and 16h (x, y, z) sites, and O atoms occupy one
16h (x, y, z), three different 8f (0, y, z), three different 8g (x, y, 0.25) and one 8e (x, 0, 0) sites. The
obtained lattice parameters are a = 7.8995(2) A, b = 23.4682(4) A and c= 7.7341(2) A. Each Fe atom is
coordinated by six ligand O atoms with the Fe-O distance varying from 1.95 A to 2.14 A, forming a
perovskite-type FeOs octahedron framework. The crystal structure of PbFeOj3 is presented in Figure 2.

Hard X-ray photoemission spectroscopy (HAXPES) measurements of Pb-4f electrons, as shown in
Figure 3, were made at 300 K at the beamline BLO9XU of SPring-8. Compared with other samples of PbMO;
family, the position of two peaks (Pb 4f7, and 4fs») and the broadening features, which is very similar to
PbCrO;s, indicate the existence of the mixed valence state of Pb?>" and Pb*" for PbFeOs. Furthermore, the
fitting results confirmed the ratio of Pb?*" and Pb*" to be 1:1, in good agreement with the Pb?"ysPb* s
oxidation state determined from BVS calculations. Anyway, a unique charge ordering was discovered in the
current PbFeOs.

4 Conclusion / Summary

We tried many synthesis conditions using high temperature and high pressure methods and finally
obtained the single phase of PbFeOs. On the basis of SXRD data, the crystal structure of PbFeO; was
determined to be an unusual 2a,%X6b,*2c, orthorhombic super unit lattice. To confirm the charge state of
PbFeO;3, x-ray absorption measurements were carried out, and the charge combination was determined as
Pb?* sPb*sFe*' O3, in agreement with the BVS calculations. We discovered the charge ordering state of
Pb?* and Pb*" in PbFeOs;, which was unique in PbMO; family.

-67-



Y_obs
——Y_cal
— Y_diff
| Bragg position

Intensity (arb.units)

[ L LTI
)
A

1 ’I ’ 1 1 1
5 10 15 20 25 30 35
26 (deg)

Figure 1. Rietveld refinements of the SXRD pattern for PbFeO; recorded at RT.

Figure 2. The crystal structure and charge ordering of PbFeOs.
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Figure 3. Comparison of HAXPES results for PbNiOs, PbCoO3, PbFeO3, PbCrOs and PbTiOs.
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Effect of cumulative heat on hysteretic behavior of structural steel in energy
dissipating devices

Zhe Qu

Institute of Engineering Mechanics, China Earthquake Administration
1 Introduction

The results of a previous test on buckling restrained braces (BRBs) was analyzed in depth, with a special focus
on the effect of dynamic loading on the cumulative strain capacity of the BRBs. It was found that the model
proposed by Takeuchi et al (2008), which did not explicitly consider any dynamic effect, was able to predict the
cumulative strain capacity of BRBs under dynamic loading. It is believed that the key of the success of the

Takeuchi model was in the decomposition of the hysteretic curve into a skeleton part and a Bauschinger part.
2 Aims of Research

The project aims at providing insight into the heat effect on the seismic behavior of commonly used structural
steel, especially when it is used in energy dissipating devices, such as buckling restrained braces and shear
dampers. 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.
3 Results

The test setup for the previous test of concern is shown in Figure 1. It has been explained in the report for the
MSL collaborative funding for the fiscal year of 2018. Takeuchi et al (2008) proposed a unified model for
evaluating the cumulative deformation capacity of BRBs subjected to various loading paths in which the
hysteretic curves of the specimens first need to be decomposed into three parts: the skeleton curve, Bauschinger
part, and elastic unloading part by the method introduced in Jiao et al (2011). The skeleton curve is obtained by
connecting parts of the load-deformation curves sequentially when the load on the specimen exceeds the
previously attained load in either the positive or negative direction of loading, and the remainder of the curve
during loading is taken as the Bauschinger part. The decomposed hysteretic curves of the specimens in the
current test are depicted in Fig. 2. In the decomposition, the loading of Phases 1 and 2 is taken as a continuous

process to respect the path-dependent nature of the decomposition.
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where as = Z&s/2 & = ratio of the cumulative plastic strain in the skeleton part and the total cumulative plastic
strain; and &mave = average strain amplitude.

There is a general trend for Xg, to decrease with increasing as. This behavior agrees well with the
rate-independent empirical model in Eq. 1 [Fig 3(a)]. The relative errors of the estimated X&', range from -16.8%
to 8.3% for the quasi-statically loaded specimens and from -24.3% to 3.0% for the dynamically loaded
specimens. These errors are on the same order as, or even smaller than, those in the test results that were used to

calibrate the empirical model [Fig. 3(b)].

. . Tests in literature Tests in literature
@ Dynamic tests A Pseudo-static tests X (pseudo-static) . (dynamic)
350 3000 g %
- /’ X
300 .
3 A
~ S
a:; 250 S
W 200 " .% x
= A | v
g Eq. 1( 21%)| B B 2oe
150 q- 1 (&nawe=2.1%)] B - .
gé ave E; /M
5 . £ X%
% ]00 5 ><>,§"
- 50
O 1 1 1 30 |
0 0.1 0.2 0.3 0.4 30 300 3000
as Experimental Z¢, (%)
(a) (b)

Figure 3. Comparison between experiment and model proposed by Takeuchi et al (2008): (a) o-2&,

relationship; and (b) estimated and experimental Zs,.

4 Conclusion / Summary

In contrast to the single test result in a previous study, the test results in the present test show that the effect of
the strain rate 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.

The results of this study were reported on the PSSC 2019 in Tokyo and will be reported in the WCEE Sendai

which has been postponed.
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All Solid State Thin Film Solid Oxide Fuel Cell

Zhipeng Li
Zynergy Technology Incorporation

1 Introduction

Solid oxide fuel cell (SOFC) is the energy transfer device that can transfer
chemical energy of fuel directly into electricity. The basic mechanism is to use chemical
reaction, from carbon-hydron compound reacting with oxygen, to generate electricity
without any combustion compared to traditional engine. In order to obtain high
efficiency of such chemical reaction during electricity generation process, traditional
SOFC normally worked at a very high temperature range (800 - 1000 °C). From one
side, such high operating temperature can improve the device efficiency, resulting in the
high electricity efficiency of SOFC (about 50-60%). From another side, such kind of
high operating temperature will always brings more issues for SOFC devices, for

example, SOFC sealing issue, high temperature materials issue and so on.

2 Aims of Research

Therefore, 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
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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.

3 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 by PLD layer by layer. Finally,
the top layer is deposited to cover the surface. The anode is mixed with NiOx and YSZ,
and the electrolyte is pure YSZ thin film, followed by the cathode which we used

LaSrMnOx in this study.

Si Top Layer

HEHEEN

Cathode (LaSrMnOx)

Electrolyte (YSZ)

Anode (NiO+YSZ)

LA R R B

Si Substrate

Figure 1 Schematic diagram of all state thin film SOFC.
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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.

Figure 2 AFM imaging of a SOFC single cell after patterning.

4 Conclusion / Summary

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.
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Fig. 1 Material velocity profiles obtained in 6H SiC single crystal shock —loaded to c- and m-direction.
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Fig. 2 Relation between shear stress and plastic strain rate in decaying spike-shaped elastic precursor.
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Fig.1 SEM images of (a)mirror polished, (b)thermal etched HfSiO4-30vol%SiC and (c) mirror polished HfO2-30vol%SiC.
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Fig. 1. Thickness dependence of the PL intensity for Pr-doped CSTO films.
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[1] M. Ichigo and K. Takenaka, J. Jpn. Int. Met. Mater. 77, 415 (2013).

[2] AILRFFFEDO R RBR, WA, A=, Proopes], W memsh, sEm, i L,
FRIEE, AARMBLYE 75 [BIER KRS 18pPSA-72, 2020 4= 3 A

[3] K. Takenaka, Front. Chem. 6, 267 (2018).
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Figure 1 X-ray diffraction patterns of the Figure 2 Rocking curves, MRD, of
g y p g g
sample prepared with magnetic field and oriented samples for various sinterin
ple prep g p g
without magnetic field. temperature. The solid lines are fitted

010

110

Figure 3 Band contrast and EBSD map of oriented samples heat treated at (a)(b)1230°C and
(c)(d)1260°C for 30min observed from perpendicular to the rotating magnetic field.
(a)(c) band contrasts, (b)(d)EBSD map of x-direction and (e)stereographic triangle
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10C Discharge capacity (mAh/g)
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