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Laboratory for Materials and Structures, Collaborative Research Projects No. 38
International CRP 2023 — Category A
Quantum Dynamics of Charge and Spin Orders
in Highly Correlated Electron Systems
Project Coordinator Name: Dragana Popovié¢ (Nat. High Mag.Field Lab.)
MSL Faculties: Takao Sasagawa

- Aims of Research -

The quantum dynamics of the charge-order domains has been investigated in single crystals of
La, 46Nd, 4Sry1,CuO,, a prototypical stripe-ordered cuprate high-temperature superconductor, using
electrical transport measurements with pulsed current injection.

- Results -

We first identify the regime in which nonthermal effects
dominate over simple Joule heating [Fig. (a)] and then
demonstrate that, for small enough perturbation, pulsed
current injection allows access to nonthermally induced
resistive metastable states [Fig. (b)-(c)].

The nonequilibrium effects are revealed only when the
transition is approached from the charge-ordered phase.
The results are consistent with the pinning of the
fluctuating charge order, with fluctuations being most
pronounced at the charge-order onset temperature
(~71.65 K) [Fig. (d)].

Our experiment establishes pulsed current injection as
a viable and effective method for probing the charge-
order dynamics in various other materials.

Web page: https://nationalmaglab.org/staff/?name=DraganaPopovic
[1] Z. Shi, P.G. Baity, J. Terzic, B.K. Pokharel, T. Sasagawa, and D. Popovi¢, Nature Commun. 12, 3724 (2021).

ER£RMEA (P14)
Laboratory for Materials and Structures, Collaborative Research Projects No.1

International CRP 2023 —Category A
High-pressure growth and multiple structural phase transitions of Pb,NiWO,

single crystal with possible negative thermal expansion

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

- Aims of Research -

The research aims to prepare high-quality Pb,NiWOyg single crystals using high-pressure and high-

temperature method, and investigate the structural phase transitions and related physical properties.

- Results -
Temperature-dependent XRD patterns for
Pb,NiWOg between 5.7 and 300 K. As the
temperature decreases, Pb,NiWOq
undergoes three structural phase transitions
around 280 K, 250 K and 160 K. Below 160

K, the ferroelectric phase begins to appear.

Pb,NiWQg is a typical material system for

High-quality Pb,NIWO, studying the relationship between structure

single crystals. and physical properties.
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Laboratory for Materials and Structures, Collaborative Research Projects No.201

International CRP 2023 — Category B
(Enhancing seismic behavior of timber structures)

Project Coordinator Name : Andreea CASUTA
MSL Faculties: Prof. Shoichi KISHIKI

- Aims of Research -

The purpose of the project is to share information on the seismic behavior of timber structures researched
in both Romania and Japan and to exchange successful practices applied for such structures for seismic
resistance. Two doctoral students joined the Romanian university to help with the experimental program

on walls to be tested in-plane in a static cyclic regime.

- Results -

Within the work done during this last year, both Romanian and Japanese NEEEE mo%ﬂ EEE
professors collaborated successfully, and Kishiki lab members went to 0 X, 0 X
Bucharest. A paper is now being written about the experimental tests
that were conducted on not-strengthened walls. Another paper was G
accepted and will be presented at the WCEE conference in Milano in
June 2024, related to the strengthening solutions tested. The lower right ® 0
figure shows prof. Dutu together with Kishiki lab members (Mr. Hirano
and Mr. Mey), during experiments.

A book was published by CRC-Press — Taylor and Francis Group with
the title “Seismic Resistance of Vernacular Timber Frames with Infills
Case Studies from Japan and Romania”, having as co-author prof.
Yoshihiro YAMAZAKI and it can be used by both Japanese and
Romanian students.
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EfR£EHEB (P22)

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

International CRP 2023 — Category B
Development of Seismic Resilient Technologies for Pile-supported Wharves

Project Coordinator Name :CUI Yao (Dalian University of Technology)
MSL FacultiesKISHIKI Shoichi

- Aims of Research -

To mitigate the inertial demands transmitted to pile foundations from the wharf deck, Wharves with the Seismic Isolation System (SISW) have been
imposed. This system involves placing isolation bearings at the tops of the piles to concentrate the structural plastic deformation in the isolation layer.
Subsequently, this study presents a Performance-Based Seismic Design (PBSD) method for SISW that combines multiple levels of seismic
objectives. Furthermore, the PBSD method is applied to a reference facility, and its seismic performance is evaluated. The analysis results
demonstrate that the proposed design method effectively fulfills the multi-level seismic objectives for SISW, significantly enhancing the seismic

resilience of wharves in high-intensity seismic regions.
- Results -

(1) Performance-based seismic objectives for SISW are
established, and a two-stage PBSD method for SISW is
proposed. In the first stage, the design for the CLE level is
based on the elastic response spectrum method. In the
second stage, displacement verification is conducted for the
MCE level through time history analysis.

(2) The seismic performance of a reference wharf employing

the proposed PBSD method has been investigated. SISW,

using piles of the same specifications, achieves a higher

fortification level than non-isolated wharves (NIW), attaining

"minimal damage" objectives at the CLE level and "controlled Wharves with PBSD procedure
and repairable damage" objectives at the MCE level. Seismic Isolation System for SISW

Web page: http://faculty.dlut.edu.cn/cuiyao/zh_CN/index.htm




ER#£RMEB (P25)
Laboratory for Materials and Structures, Collaborative Research Projects No.213

International CRP 2023 — Category B

Seismic damage assessment of RC buildings via OMA

Project Coordinator Name : Marco Di Ludovico (University of Naples Federico I, Italy)
MSL Faculties: KONO Susumu

- Aims of Research -

This project investigates the use of Operational Modal Analysis (OMA) for assessing and quantifying the
damage level of reinforced concrete (RC) structures after an earthquake. In detail, experimental and
numerical data in terms dynamic properties (e.g., natural frequencies, mode shapes) are correlated with
defined damage states and reparability conditions.

- Results -

A FE modelling has been developed in
OpenSees and validated on pseudo-
dynamic test results. The validated FE
model is used to assess the variation of
fundamental frequencies due to structural
damage RC frames for increasing ground
shaking intensity. The figure reports the
natural frequency variation (Af) as a function
of the ground motion intensity and related
damage level experienced by 100 bare RC
frames.

ER£RBHFEB (P27)
Laboratory for Materials and Structures, Collaborative Research Projects No. 212

International CRP 2023 — Category B
Assessment of Modeling Techniques for RC Beam—Column Joints Subjected to Cyclic Loading

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

- Aims of Research -

The aim of this study is to investigate macro-modeling methods and detailed finite element modeling techniques for reinforced concrete (RC) beam-
column joints. It involves critically evaluating the strengths and weaknesses of each modeling technique using simulation benchmark data.
Additionally, the study aims to propose recommendations for effectively modeling RC beam-column joints subjected to cyclic loading.

- Results -

ABAQUS Finite element results for Pull out test by Lettow and
Eligehausen (2003)

Comparison of experimental results versus numerical results for
The OpenSees macro models are found to be capable of
OpenSees software P p

simulating the global response of the structure under cyclic
loading. OpenSees model incorporating Braga with bond
strength given in (JSCE code) accurately predict the bar pullout
stress under cyclic loading. In ABAQUS, Concrete Damaged
Plasticity Model with given parameters is capable of modeling
the bond slip behavior of reinforced concrete. Traction
separation law with surface based cohesive behavior is capable
to model the bond-slip in reinforced concrete structures.
Recommended Concrete Damage Plasticity parameters are
shown below.

Comparison of experimental results versus numerical results for ABAQUS
software




EfR£RE#HEB (P30)

Laboratory for Materials and Structures, Collaborative Research Projects No.44
International CRP 2023 — Category B
All-optical manipulation of charge density waves in kagome metal CsV,;Sb,
Project Coordinator Name: Jianbo HU
MSL Faculties: Kazutaka G. Nakamura

- Aims of Research -

This project aims to utilize ultrafast coherent phonon spectroscopy to investigate the possibility of optically
manipulating the charge density order in kagome metal CsV;Sbs. This will open exciting prospects for all-
optical engineering of the Van Hove scenario to tune correlated quantum phases in topology networks.

- Results -

Firstly, we have observed only one phonon mode at temperatures
beyond 80K and three additional oscillation modes when the
temperature goes down to 70 K. From the map of FFT, the three
additional coherent phonon modes are highly related to the CDW
structural modulation, and photoexcitation can modulate the CDW phase
in CsV,;Sbs.

Secondly, we have conducted a three-pulse experiment to rule out that
these anomalous features originating from the trivial laser-induced
heating effects. The experiment shows that the heat dissipation time for
an individual laser pulse is about ~1.4 ns in CsV;Sbg at 80 K, which is
much less than the 12.5 ns time interval for the 80 MHz repetition rate.

EfR£EHEB (P32)

Laboratory for Materials and Structures, Collaborative Research Projects No.27

International CRP 2023 — Category B

Tailoring the nature of Ni/SiO, catalysts in the reduction of CO,
Project Coordinator Name: Yu-Chuan Lin (National Cheng Kung University)
MSL Faculties: Keigo Kamata

- Aims of Research -

This project aims to investigate the nature of Ni/SiO, in CO, hydrogenation. Through the Silicalite-1
confinement effect, the nature of Ni can be tailored from methanation-oriented to reverse water-gas shift
oriented.

- Results -

This study investigates the catalytic hydrogenation of CO, to CO
through the reverse water—gas shift (RWGS) reaction using
Ni/SiO,-based catalysts. Ni/SiO, derived from the reduction of
silicalite-1-encapsulated, ligand-protected Ni2* (Ni, ,@S-1-red)
demonstrated exceptional performance. The catalyst exhibited a
CO, conversion rate nearing the equilibrium conversion of
RWGS, a CO selectivity exceeding 99%, and a high space-time
yield of CO (9.7 mol gNi~t h™1). Key factors include the highly
dispersed Ni® and Ni®* species, and the presence of bridging
oxygen in the Ni—-O-Si structure, enabling moderate CO,
adsorption. This moderate adsorption facilitates efficient
desorption of the reduced intermediate (*CO), leading to rapid
gaseous CO generation and preventing deep hydrogenation to
CH,




ER#£RMEB (P35)
Laboratory for Materials and Structures, Collaborative Research Projects No.207

International CRP 2023 — Category B
Lateral resistance of vertical structural elements in relation to confinement characteristics
Project Coordinator Name: Marina L. Moretti (National Technical University of Athens)
MSL Faculties: Susumu KONO

- Aims of Research -

This project aimed to study analytically the effect of the layout of confinement, both in-height and in-plan on the
resistance of reinforced concrete vertical structural elements and also to propose reliable design equations, both
in case of modern reinforcement detailing as well as in case of RC elements with substandard reinforcement
detailing. The project profits from observations on tests performed as part of CRP2022.

- Results -

The project focused on studying the impact of the confinement layout on the axial strength of RC columns.
A database of 433 specimens, 168 with round and 265 with rectangular cross section has been
assembled. The database includes reinforced concrete specimens with different amount of confinement,
either with only steel transverse reinforcement, or both with steel stirrups and fiber reinforced polymer
jackets. Different design models were applied to predict the axial strength of the columns. Considerable
differences in the design approaches and in the predictive performance of the models considered was
observed. Better model performance was observed for specimens with round section, for which lateral
confinement is uniform and more effective, as compared to rectangular sections. Reduced accuracy is
obtained in case of columns with sparsely spaced stirrups along the height, for which buckling of the
longitudinal reinforcement bars is liable to occur. One of the major parameters determined to affect the
analytical predictions is the estimation of the effective lateral confining pressure and how this contributes to
axial resistance.

A new design model with comparatively better predictive capacity was proposed, applied in Fig. (a) for the
rectangular columns of the database. Fig. (b) depicts the relation between the respective lateral confining
pressure and the ratio of analytical to experimental axial strength. The model can be applied for the
calculation of flexural resistance of RC walls with confined regions at both ends of the cross-section.

(a) Model predictions vs. test axial capacity

(b) Model efficacy vs. confining pressure

Impact of confinement on the axial capacity of circular and rectangular reinforced concrete columns , ICCS27, Bologna, Italy, 3-6 September 2024.

ER£RBHZEB (P38)
Laboratory for Materials and Structures, Collaborative Research Projects No.210

International CRP 2023 — Category B

Codes and standards for the Seismic Design, Construction and
Retrofitting of Historical and Monumental Structures of Nepal
Project Coordinator Name: Maskey Nath Prem

MSL Faculties: Prof. Susumu Kono

- Aims of Research -

The project aims to elucidate the physics behind strain-coupled ferromagnetic-ferroelectric domains in
multiferroic heterostructures. In particular, the ability to drive magnetic domain walls by an electric field without
assistance of a magnetic field or spin-polarized current will be demonstrated and assessed. This new driving

mechanism will provide a low-power alternative for the design of spintronic devices.

L

The study had facilitated in identification of the
principles and strong base for formulating the
seismic/structural  assessment and  approach
conducive to the typology of the cultural buildings and
structures of Nepal. The interaction in Japan was
supposed to facilitate in developing the updated form
of the seismic standards/code at par with any other
international code. This study and interaction have
highlighted on the need and ways to develop
Nepalese Code/Standard and the rational ways to
handle with the maintenance of the cultural heritage
rationally.




EF#£REMEB (P40)
Laboratory for Materials and Structures, Collaborative Research Projects No.214

International CRP 2023 — Category B
Retrofit Guideline for Nepalese Low Strength Masonry Buildings

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

- Aims of Research -

The project aims to evaluate performance of existing and retrofitted low strength masonry buildings using
different retrofit methods and to develop retrofit guideline for such buildings. Jacketing and splint and
bandage type retrofitting techniques are investigated. For the particular considered buildings, splint and
bandage retrofitting technique is adequate to meet the sieimic demand in the existing building.

- Results -

Sampled buildings are investigated via macro modelling technique using
FEM software SAP 2000 to evaluate the preformance before and after
retrofitting. The existing buildings are found deficient for the PGA of
0.369. Buildings retrofitted with bandage and jacketing of wall section
using welded GI wire mesh as splint reinforcement at inner and outer
walls are found sufficient for PGA of 0.36g, for which the probability of
exceeding the 10 limit-state is 80% and 15% for LS and almost
negligible for CP limit-states. Thus, the retrofitted building out performed
the existing one with sufficient safety against life safety and collapse
prevention limit states. The building is expected to function better than at
present state. The intervention methods proposed are not highly
sophisticated and do not require heavy equipment, which can be easily
implemented with the locally available building materials and trained
masons.

Fig. a) Fragility of existing BMM buildings, b) Fragility of retrofitted buildings, c) Retrofited wall cross-section with jacketing

EfR£REAEB (P42)

Laboratory for Materials and Structures, Collaborative Research Projects No.211

International CRP 2023 —Category B
Development of ultra-high performance and effective utilization technology of fiber
reinforced cementitious composites

Project Coordinator Name: Jeongsoo Nam (Chungnam National University)
MSL Faculties: Susumu Kono

- Aims of Research -

The objective of this research is to assess the potential for improving internal curing in high-strength lightweight mortar by
incorporating porous materials and to investigate the possibilities of extending the application of porous materials. The
research aims to provide quantitative criteria for evaluating the internal curing effect and to assess the hydration
characteristics of cementitious materials where internal curing technology is applied

- Results -

P20, V20, and W20 showed high compressive strength when incorporated with LFA,
but the strength decreased with higher LFA ratio. This difference is attributed to the
increase of water infiltration pores and the development of ITZ. The W test group
showed strength improvement with ITZ reinforcement at long-term aging. The
pozzolanic reaction of LFA increases hydration and densifies the ITZ to improve long-
term strength development. In addition, excessive internal RH variation adversely
affects the ITZ, which can lead to different strength expression and void effects in
lightweight high strength cement composites (LHSCCs).

Web page: https://concrete.cnu.ac.kr/
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EfRLREEHZEB (P45)

Laboratory for Materials and Structures, Collaborative Research Projects No.51

Impact of hydrogen on the TFT device operation p-SnO-TFT
Project Coordinator Name :Kenji Nomura (University of California San Diego)

MSL Faculties:Keisuke Ide

- Aims of Research -

The project aims to investigate the impact of hydrogen impurity on TFT device characteristics of p-
channel SnO-TFTs, which are considered as promising counterparts of n-channel oxide-TFTs.
its influence on the TFT operation mode. This new approach to
be proposed.

Specifically, the focus will be on assessing
control the operation mode for SnO-TFT will

- Results -

The influence of hydrogen on TFT
device characteristics of p-channel
SnO-TFTs was examined by using
hydrogen plasm treatment. We found
that the TFT operation mode was
altered by the incorporation of
hydrogen into the SnO channel. The
pristine p-channel mode transitioned
to the ambipolar mode by reducing
the subgap defects by Hydrogen.
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EfRLEAEB (P48)

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

International CRP 2023 —Category B
Key problem identified from observed damage to seismic isolators

and dampers in constructed base-isolated buildings
Project Coordinator Name: Zhe Qu MSL Faculties: Shoichi Kishiki

- Aims of Research -

This project aims to enhance the understanding of the ultimate performance of seismic isolators. We aimed to
determine the primary cause of damage to seismic isolators and dampers in the constructed base-isolated
buildings. We aim to develop a numerical model to better simulate the response of base-isolated buildings, with a
particular focus on the behavior of rubber bearings or friction pendulum bearings.

- Results -

The seismic response of two base-isolated buildings during the Luding earthquake is simulated based on on-site
observations, design information, and ground motion recorded by nearby seismometers. The simulation results of
the superstructure and relative displacement in the isolation layer are consistent with the on-site observations.
However, if the parameters of the seismic isolators and dampers in the buildings are reasonable and the
construction quality is assured, they should not severely damaged. Further investigation is required to determine
the reason for the observed damage.

7 200
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Web page: http://qu-zhe.net/

EF#£RMEB (P51)
Laboratory for Materials and Structures, Collaborative Research Projects No.208

International CRP 2023 — Category B

Automatic structural damage detection using Al vision technology

Project coordinator name: Tony T.Y. Yang (The University of British Columbia)
MSL Faculty :KONO Susumu

- Aims of Research -

Develop and implement autonomous bolt loosening assessment using unman aerial vehicle and 3D
vision-based technology.

- Results -

Figure 1 shows the 3D point cloud generated using the developed technology. Figure 2 shows the
implementation on a real-world application.



ER#£REMEB (P54)
Laboratory for Materials and Structures, Collaborative Research Projects No.209

International CRP 2023 — Category B

Energy behavior of reinforced concrete shear walls

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

- Aims of Research -

This study aims to investigate the influence of wall design parameters (e.g. geometry, reinforcement) and
to develop a data-driven model to predict energy dissipation capacity of reinforced concrete shear walls. A
well-established, powerful machine learning-based method (Gaussian Process Regression, GPR) and a
meta-modeling method (The High Dimensional Model Representation, HDMR) is utilized in this study

- Results -

GPR results: Regression-based feature selection methods reveal that nine wall design parameters (features) have a
relatively stronger influence on the NCDE of the shear walls, namely: geometric properties (i.e., length, thickness, boundary
width, aspect ratio), concrete compressive strength, axial load ratio, longitudinal boundary and web reinforcement ratio, and
transverse boundary reinforcement spacing. The influential features are noted as consistent with the experimental results.
The reliability of the predictive model is evaluated based on the following four statistical metrics: coefficient of determination,
mean absolute error, root mean square error, and mean prediction accuracy (the ratio of predicted to actual NCDE values).
The mean R? of the GPR method based on test data over a thousand different train—test data sets is 0.830, whereas the
best R? is obtained 0.963. The mean predicted to actual NCDE ratio is very close to 1.0 indicating that high accuracy and
robustness is achieved.

HDMR results: The method allows to develop explicit analytical functions to represent complex relationships. The predictive
model is validated using unused data, and it demonstrated robustness and high accuracy, with a prediction accuracy close
to 1.00 and a high coefficient of determination.

Relevant research papers: Topaloglu, B., Kaya, G. T., Sutcu, F., & Deger, Z. T. (2022, November). Machine learning-based
estimation of energy dissipation capacity of RC shear walls. In Structures (Vol. 45, pp. 343-352). Elsevier.
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Laboratory for Materials and Structures, Collaborative Research Projects No.66

General CRP 2023 —Category C
Investigation of ferroelectric hafnia based multiferroic heterostructures for novel memory

storage applications.
Project Coordinator Name: Badari Narayana Aroor Rao (Chiba University)
MSL Faculties: Shintaro Yasui

- Aims of Research -

The project aims to investigate the use of ferroelectric hafnia thin films and LSMO heterostructures for
multiferroic applications. We first aimed to optimize the fabrication condition of LSMO and hafnia epitaxial
films on STO substrate. The main objective was to understand the effect of varying oxygen partial
pressure during growth and varying top-electrode material on ferroelectric stability of hafnia.

- Results -

Oxygen pressure dependence

Higher oxygen pressure during LSMO deposition improves of ferroelectricity in hafnia

the ferroelectric stability of hafnia layer.

Stoichiometric oxygen in the hafnia layer is necessary to
observe ferroelectricity.

Oxygen vacancies play an active role in establishing
ferroelectricity in hafnia.

XPS analysis confirmed films showing good ferroelectricity
had stoichiometric oxygen in hafnia layer and excess
oxygen in non-lattice sites in LSMO layer.

Choice of top and bottom electrode materials are also
important. Those that promote oxygen mobility are needed.
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Laboratory for Materials and Structures, Collaborative Research Projects No.215
ﬁnternational CRP 2023 Workshop \
The Japan-Korea-Taiwan Joint Seminar on Earthquake Engineering for Building

Structures (SEEBUS)
Date and time: 2023.12.01-2023.12.02
Place: National Taiwan University of Science and Technology
Project Coordinator Name: Atsushi Sato

\ MSL Faculties: Susumu Kono /

- Aims of Research -
4 )

The latest research findings will be shared among three countries (Korea, Taiwan, and
Japan), and a discussion will be held to analyze them.

\ J
- Results -

Over the course of two days, each country
made 10 presentations on the primary
structural materials used in reinforced concrete
and steel structures, totaling 30 presentations.
Fruitful discussions were held during the
workshop, with active participation and
guestions. It was agreed that the next
workshop would take place in Seoul, Korea.
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