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Shigeo Mori, Koshi Takenaka, Masaki Azuma, “Origin and absence of giant negative thermal expansion in reduced and oxidized CaZRuO4",
Chemistry of Materials, 33 (2021) 7665-7674.
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Laboratory for Materials and Structures, Collaborative Research Projects No. 44

International CRP 2021 —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 -

With the advent of topological electronic materials, the concept of semimetals has expanded: topologically-
protected zero-gap (= massless) electronic systems are now classified as Dirac/Weyl semimetals. In this study,
we have investigated the magnetotransport properties and electronic structures of a topological Dirac nodal-line
semimetal, LaAgBi,.

- Results -

We succeeded in growing high quality
single crystals of LaAgBi,, which was
evidenced by the values of the residual -
resistivity (~250 nQcm at 2 K) and the o T
residual resistivity ratio (~130). [ ZE 190K 1
The MR showed quadratic field-

dependence and reached 2400% at 9 T
and 2 K without saturation.

First-principles calculations revealed that
LaAgBi, had nonsymmorphic symmetry-
protected "massless” Dirac nodal-line

E-Eg(eV)

. &
Gapless

i Y SR
dispersions across the Fermi energy, #H (M ; Dirac point
suggesting an important contribution to

the observed large magnetoresistance.
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Web page: https://www.st-andrews.ac.uk/physics/condmat/arpes/index.html
[1] M. Murase and T. Sasagawa, J. Phys. Soc. Jpn. 89, 055003 (2020).
[2] M.S. Bahramy, K. Okawa, M. Asakawa, T. Sasagawa, P.D.C. King et al., Nature Materials 17, 21 (2018).
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Laboratory for Materials and Structures, Collaborative Research Projects No.1

International CRP 2021 — Category A
Pressure effects on the unique charge order and spin reorientation of PbFeO,

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

- Aims of Research -

This project aims to apply high pressure methods to investigate the lattice, charge and spin structural evolutions in
PbFeO;. It is highly expected to find exotic pressure-induced charge state transition, crystal structure evolution
and/or tunable effects on the spin reorientation transition in this compound. These new findings can significantly
accelerate other researches on functional materials.

- Results -

High-quality PbFeO, perovskite samples with a good single
phase was obtained under high-pressure and high
temperature conditions. The ambient detailed crystal
structure and charge states of both Fe and Pb were
determined. We performed synchrotron x-ray diffraction
under high pressure of 0-55 GPa. Two structural phase
transitions were found to occur around 35 and 50 GPa,
respectively, as shown in the right figure. Since intermetallic
charge transfer often occurs in PbMO,; family and the 17.13 GPa
distinctive charge ordering state in PbFeQ,, the transition of 5 e

Pb* + 2Fe3* — Pb2* + 2Fe*" and pressure induced new Ll f"a

|

charge ordering may be responsible for these two transitions. e e
2 theta (deg)
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Web page: http://physics.aalto.fi/groups/nanospin/
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Laboratory for Materials and Structures, Collaborative Research Projects No.216

International CRP 2021 —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. A textbook for students is under development, with a special purpose to teach students about
the traditional construction methods in both Japan and Romania.

- Results -

Nowadays, most of the people wish new materials for their new houses
and this is a sound reason, to actually use the recent research results on
new materials. Other people want to learn from tradition and use in a
modern and more practical way in the present, taking advantages of the
new technologies applied for natural materials, such as insulation panels,
rammed earth, cob, etc. But in order to learn from tradition it is necessary
to understand it first.

This book focuses on and describes two completely different countries’
traditional timber houses. The local materials used for these houses are
not very different, although 9000 km apart. The way the people used them
is also not very different, and the feeling one gets while visiting such a
house is, in fact, the same, you can actually touch the past, the history, the
baggage that made us nowadays who we are, and we tend to forget it.
This book is about noticing the details of each traditional construction
method and compare them between them, with an engineer's eye and
taking into account the local seismic culture, which both have in common,
although not at the same intensity and frequency.

Tfmro.utch.ro
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Laboratory for Materials and Structures, Collaborative Research Projects No.215

International CRP 2021 — Category B

Surrogate Resilience Modeling of Steel Moment-Resisting Frames

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

- Aims of Research -

The project aims to bridge the gap between preliminary design variables and resilience metrics of interest
by developing a machine learning-based surrogate model, which aids the design practitioners in selecting
satisfying design combinations of stiffness and strength in the preliminary seismic design. With a proper
choice, the time and effort involved in iterative design revisions can be drastically reduced.

- Results -

The project proposed a machine learning-based surrogate
resilience modeling method in preliminary design for the
support of direct resilience-informed design approach. An
illustrative application to the steel moment-resisting frames

E o8
(SMRF) office buildings validated its effectiveness based on f’;'gg ﬂf‘:’:ﬂ " ‘

Modeling

a data set composed of 10,000 code-compliant SMRFs -
& Analysis

subjected to 100 strong ground motions. The XGBoost
model performed best to obtain the resilience index R as Site &

) ) . : Resilience

regar_ds loss and recovery tlr_n_e among six regression Building i A metrics of

algorithms. The SHapley Additive exPlanations (SHAP) ’ i - .
N . e Features i interest

approach highlights the importance of the seismic-hazard- :

related design basic acceleration and the stiffness-related ML-based

building period coefficient on the prediction of the XGBoost surrogate model
model.

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

ER£RBHFEB (P23)
Laboratory for Materials and Structures, Collaborative Research Projects No.202

International CRP 2021 —Category B
Numerical Modeling and Simulation of Rocking Walls with Energy

Dissipaters
Project Coordinator Name: David Mukai (University of Wyoming)
MSL Faculties: Susumu Kono
- Aims of Research -
The primary aims of this research are to develop a numerical model for rocking concrete
walls with energy dissipaters, calibrate this model, model walls for validation, conduct
simulations of buildings with traditional and rocking walls, estimate impact of rocking
walls on damage levels.

- Results -

This project has resulted in a calibrated numerical model for rocking walls with
energy dissipaters, multiple parameter studies of walls with energy dissipaters.
The team was able to develop the numerical model, calibrate it, use it to model
structures, and finally evaluate limit states of rocking concrete walls with
dissipaters. This has resulted in a publication:

Taku Obara , Susumu Kono & David Mukai (2020): Damage Evaluation and Limit
States of Rocking Concrete Walls with Energy Dissipaters, Journal of Earthquake
Engineering.
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Laboratory for Materials and Structures, Collaborative Research Projects No. 45

International CRP 2021 —Category B

Magnetotransport Studies of Collective Dynamics

in Highly Correlated Electron Systems

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

- Aims of Research -

The central issue for understanding the high-temperature superconductivity in cuprates is the nature of the
ground state that would have appeared had superconductivity not intervened. The purpose of this study is
to gain new insight into the electronic ground state of high-T, cuprates by means of the Hall effect.

- Results -

The Hall effect on La,;Eu,,Sry;CuO, was measured over the
entire in-plane T-H vortex phase diagram for T down to T/T . ~
0.003 and fields up to H/IT? ~ 10 T/K, and deep into the normal
state. We found the vanishing of the Hall coefficient in this field-
revealed normal state for all T < (2 - 6)T.%, where T is the zero-
field superconducting transition temperature. The behavior of the
high-field Hall coefficient is fundamentally different from that in
other cuprates such as YBa,Cu;O4,, and YBa,Cu,O4, and may
imply an approximate particle-hole symmetry that is unique to
stripe-ordered cuprates. Our results highlight the important role of B
the competing orders in determining the normal state of cuprates. t
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[1] Z. Shi, P.G. Baity, J. Terzic, B.K. Pokharel, T. Sasagawa, and D. Popovi¢, Nature Commun. 12, 3724 (2021).
[2] Z. Shi, P.G. Baity, J. Terzic, T. Sasagawa, and D. Popovi¢, Nature Commun. 11, 3323 (2020).
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Laboratory for Materials and Structures, Collaborative Research Projects No. 52

International CRP 2021 —Category B
Ultrafast phonon dynamics in heavy fermion materials

Project Coordinator Name : Fang Xu (Southwest University of Science and Technology)
MSL Faculties: Kazutaka Nakamura

- Aims of Research -

The Kondo effect in electronic correlation systems manifests as the emergence of collective hybridization and the formation of an
energy gap at the coherent temperature T". Thus, to verify the existence of the Kondo effect in CeNiGe3 material, femtosecond-
resolved coherent phonon spectroscopy, which provides a non-equilibrium way to study the dynamics of collective bosonic excitations
in CeNiGe3, are used in this work. And we report a comprehensive study of the temperature-dependent dynamics of bosonic
quasiparticles in CeNiGe3 utilizing coherent phonon spectroscopy.

- Results -

The phenomena of non-equilibrium dynamics
of bosonic quasiparticles in CeNiGe; does not
exhibit any features which can be associated
with the emergence of collective hybridization
induced by the Kondo effect at low
temperature is revealed by femtosecond-
resolved coherent phonon spectroscopy. *
Instead, the temperature-dependent coherent
phonon behavior can be well described by the
common anharmonic effect. Moreover, we
have also indicated that the appearance of the
crystal field effect can affect the lattice
vibrations in CeNiGe,.
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Laboratory for Materials and Structures, Collaborative Research Projects No.212

International CRP 2021 —Category B
Retrofit of Hi-rise RCC Buildings in Nepal (renovation

and Strengthening of Institutional Brick Masonry Buildings)
Project Coordinator Name: Gokarna Bahadur Motra
MSL Faculties: Prof. Susumu Kono

- Aims of Research -

Evaluating seismic performance of brick masonry buildings with precast beams and
slabs. Finding technically viable retrofit options and evaluating seismic performance.

- Results -

Moderate decrease in fundamental period with retrofit options (24-29%), indicates the increase
on structural stiffness (performance).

RC-jacketing found to be most efficient option of strengthening for masonry structures (80%
increase in capacity, 48% decrease in roof displ.).

RCC columns combined with brick piers via shear-keys, is the new option developed,
moderately increased the capacity (57%) and reduces roof displacement by 26%.

RCC columns combined with piers via shear-keys only at ground storey, slightly increased
the capacity (14%) and reduces roof displacement by 21%.
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Laboratory for Materials and Structures, Collaborative Research Projects No0.208

International CRP 2021 — Category B
Multi-spring model to account for bond-slip of reinforcement bars in the beam-

column joint region of reinforced concrete structures
Project Coordinator Name : Dr. H. A. D. Samith Buddika
MSL Faculties : Prof. KONO Susumu

- Aims of Research

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

- Results -

The specimen is subjected to reverse cyclic loadings. Cyclic analysis results are compared with experimental results for the selected specimen to check the
accuracy of predictions from considered bond models. Three selected bond models from (JSCE 2005; Braga-CEB-FIP 1990; Zuo 2000) are considered.
Comparison of analytical and experimental results are shown in Figure 5. The numerical results obtained showed good agreement with the experimental results.
Based on the further analysis the energy dissipation of the numerical model is due to nonlinear behavior of the concrete. Reinforcement steel behaved mainly
elastic. Similar results are obtained for other specimens. Based on the results obtained the model is particularly suitable for simulating the response of concrete
buildings in which slippage of longitudinal bars are significant under lateral loads. Experimental and analytical results are compared at 3% drift ratio as shown in
Table. Analytical model of Braga with bond strength given in (JSCE code) accurately predict the bar pullout stress under cyclic loading.

. nn TSCE [ )

’ Braga, JSCE Braga, CEB-FIP
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Rigid dlemert Bond model Shear force/(kN) Deviation
Retetional spring accounting 1o occount Experimental Analytical (%)
TR 1 TS Zuo 660 577.8 125

Braga, CEB-FIP 660 622.1 57
Braga, JSCE 660 6325 4.2

Undergraduate Thesis was published in 2021, Faculty of Engineering, University of Peradeniya, Sri Lanka
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FEFRIMI: H. —H. Huang, et al.,”Giant Enhancement of THz Wave Emission under Double-Pulse Excitation of Thin Water Flow”, Applied Sciences, 10(6), 2031-2044

(2020). H. —H. Huang, et al., ” Spatio-temporal control of THz emission”, submitted (2022). H. —H. Huang, et al., ” Shockwave-assisted THz wave emission from air”, in
preparation.
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Laboratory for Materials and Structures, Collaborative Research Projects No. 13
International CRP 2021 —Category B

Quantum transport evidence of topological band structures of
kagome superconductor CsV,Sb,

Project Coordinator Name: Hechang Lei
MSL Faculties: Toshio Kamiya

- Aims of Research -

The original target of this project is exploration correlated topological materials with exotic physical properties. CsV;Sbs is a
good candidate to study the relation between topological electron structure and correlation effects. In this project, we

synthesized CsV,Sb. single crystals by the Sb flux method and then studied the magnetotransport properties under high
maghnetic field to reveal the topological band structure of CsV;Sb..

- Results -

The Shubnikov—de Haas (SdH) oscillations emerge at low temperature and four frequencies of F, =27 T, F;=73 T, F,= 727 T, and F,=78T with
relatively small cyclotron masses are observed. For F; and F,, the Berry phases are close to m, providing clear evidence of nontrivial topological
band structures of CsV;Sb,. Furthermore, the consistence between theoretical calculations and experimental results implies that these frequencies
can be assigned to the Fermi surfaces locating near the boundary of Brillouin zone and confirms that the structure with an inverse Star of David
distortion could be the most stable structure at charge density wave (CDW) state. These results will shed light on the nature of correlated
topological physics in kagome material CsV,Sbg
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Analysis of SdH oscillations in CsV,;Sb for H//c  Angular dependence of SdH oscillations  Comparison between theoretical and experimental results
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Laboratory for Materials and Structures, Collaborative Research Projects No.67

Inter_natic.mal CRP 2021—Category B 1 ) i
Misfit lattice strain effect on the crystal growth behavior within

epitaxially grown BiFeO; film
Project Coordinator Name: In-Tae Bae MSL Faculties:Shintaro Yasui

- Aims of Research -

BiFeO; is by far the most widely studied multiferroic material because of its unique property, i.e., the combination of large
ferroelectric polarization and G-type antiferromagnetism well above room temperature, implies tremendous potential in
spintronics and smart energy applications. There has been extensive effort to improve the ferroelectricity and
antiferromagnetism properties in thin film BiFeO5 through so called "strain engineering”. With this approach, the epitaxial
BiFeO;, films grown on a variety of single crystalline oxide substrates are under lattice stress.

- Results -

An epitaxial BiFeO; layer was grown on LSAT (100) substrate to investigate lattice misfit effect of LSAT on the BiFeO,
overlayer in terms of crystal structure, lattice strain status, and domain structure. TEM and SAED data was acquired to show
microstructural and crystal structural details of the BiFeO; layer, respectively. TEM data was further compared with HAADF-
STEM image to quantitatively evaluate lattice imperfections such as dislocation to evaluate strain status within BiFeO; film.
SAED pattern was further compared with XRSM data to quantitatively evaluate the volume-averaged amount of lattice strain
applied within BiFeO;. Since XRSM is volume-averaged information as opposed to SAED being highly localized information,
XRSM data can also be used to study BiFeO; domain structure. Moreover, while most of the previous reports have used
pseudocubic approximation to describe domain structures found in BiFeO,, we used hexagonal notation, which describes
rhombohedral symmetry flawlessly, to discuss domain structure. The result was compared with those acquired by using
pseudocubic notation to find whether there are any discrepancies or not. Based on the epitaxial relationship determined by
SAED and XRSM data, atomistic model was created to discuss about growth mechanism of BiFeO, film. Overall, the
suitability of LSAT substrate to grow high-quality BiFeO; was discussed.

EfR£RHEB (P43)

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

International CRP 2021 —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 -

In this study, we examined whether non hydrated reactants inside HSCC can be reduced using waste glass beads (WGB)
as LWA based on the internal hydration mechanism of high-density concrete. In addition, WGB was subjected to pre-wetting
to examine the internal hydration improvement effect of water-containing aggregates, and the hydration tendency by age
was identified through thermodynamic modeling.

- Results -

The experimental results of this study show that the WGB
used in HSCC can improve the internal hydration reaction.
It was found that the curing method for HSCC mixed with
WGB can affect the number of hydration products
according to age which also influences the extent of
strength development. In case of steam curing, strength
development and internal hydrate formation levels at early
ages were almost resembled those of room temperature

Unreacted amorphous silica

Volume(cn’/100g)

Vi L )
. . SIS )
curing at 56 days of age. Even after the completion of — { /”//J/,,,,,,m .

steam curing, the proportion of unreacted silica inside was
partially reduced and the internal moisture content was
maintained at a certain level by pre-wetted WGB.
Therefore, it is judged that WGB can contribute to reducing <Typical thermodynamic modeling of HSCC with WGB>
unreacted hydrates inside HSCC.

Time{days)

Web page: https://concrete.cnu.ac.kr/
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Laboratory for Materials and Structures, Collaborative Research Projects No. 51

International CRP 2021 —Category B
Photo-induced ultrafast and coherent control in SnSe

Project Coordinator Name :Jianbo H U(Southwest University of Science and Technology)
MSL Faculties Kazutaka Nakamaura

- Aims of Research -

This project aims to investigate the non-equilibrium property in SnSe. In particular, the ability to drive symmetry switch by
ultrafast lasers without assistance of temperature or pressure and to temporally and discriminatorily manipulate phononic
processes in thermoelectric materials will be demonstrated and assessed. These observations not only reveal fascinating
physical phenomena, but also provide insight for the design optimization of the next generation of thermoelectric
materials.

- Results -

Our results demonstrate that optical excitations
can ftransiently switch the point-group
symmetry of the crystal from Pnma to Cmcm at
room temperature in a few hundreds of
femtoseconds with an ultralow excitation
carrier density. Furthermore, we have
demonstrated that utilizing coherent control
spectroscopy, electronic and lattice coherences
inherited from optical excitations can be
exploited independently to manipulate phonon
oscillations in a highly selective manner.
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i
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Jianbo Hu, et al. J. Phys. Chem. Lett. 13: 442 (2022); 13: 2584 (2022)
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Web page: http://physics.aalto.fi/groups/nanospin/

ER£RBHZFEB (P48)
Laboratory for Materials and Structures, Collaborative Research Projects No.2

International CRP 2021 —Category B
Enhanced negative thermal expansion and crystal structure of Pb/Bi-based

perovskites under High Pressure
Project Coordinator Name:Jun Chen (University of Science and Technology Beijing)
MSL Faculties: Masaki AZUMA

- Aims of Research -

(1) Preparation of new PbTiO5;-BiMeO,; compounds that could exhibit enhanced NTE by high-temperature
and high-pressure method.

(2) Study the crystal structure and electron structure of these materials by using diffraction and absorption
spectrum based on the large synchrotron radiation facility (SPring-8).

- Results -

(1) A series of 0.5PbTiO,-0.5BiCo,_Fe, O, compounds have been synthesized by i
the high-pressure and high-temperature method. Its crystal structures have been R

studied by the temperature dependence of the synchrotron X-ray diffraction.

Controllable thermal expansion from large volume contraction in a limited
temperature widow (x = 0, AV = -4.8%, 675 ~ 700 °C) to a nonlinear strong NTE
over a wider temperature range (x = 0.8, a, = -6x10% °C, RT ~ 600 °C) were
achieved in these ferroelectrics.

(2) High-resolution synchrotron X-ray diffraction data of a series of perovskite-type
ferroelectrics, such as, NaNO;-Bi,sNa, sTiO5, La-doped PbZrO, solid solutions
have been collected at the state-of-the-art the large synchrotron radiation facility
SPring-8.

Part of these results have been submitted to ACS Applied Materials & Interfaces,
Inorganic Chemistry journals.
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ER£RBHZEB (P50)
Laboratory for Materials and Structures, Collaborative Research Projects No.201

International CRP 2021 —Category B
International database on bi-directional tests on RC core walls

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

- Aims of Research -

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

- Results -

Our understanding of the seismic response of RC walls is largely
based on findings from quasi-static cyclic tests, which allow to study
the damage evolution in a systematic way. However, the large
majority of these tests have been conducted as uni-directional tests
and it is therefore important to understand in which aspects results
from uni-directional tests differ from those of bi-directional tests.
Tests on planar and non-planar walls showed that the stiffness is
not significantly affected by bi-directional loading. For planar walls
the strength and deformation capacity is also rather independent of
the load path while for non-planar walls the load path has an effect
on the strength and deformation capacity. Based on the test data
available, the deformation capacity in the principal directions is
reduced by ~1/3 if the wall is subjected to bi-directional loading.

Test setup for bi-directional test at EPFL

ER£RBHFEB (P52)
Laboratory for Materials and Structures, Collaborative Research Projects No.204

International CRP 2021 —Category B

Proposal of detailed assessment procedure for residual capacity of reinforced concrete
buildings

Project Coordinator Name: Kenneth J. Elwood, University of Auckland, NZ

MSL Faculties: Sam Kono

- Aims of Research -

The expectation is to provide recommendations for New Zealand’s detailed post earthquake damage evaluation guidelines
to allow a more accurate assessment of damaged building performance. There is also an expectation to provide
suggestions for alternative design approaches with the aim of improving resilience of concrete buildings to seismic events.

- Results -

The results indicate that the fatigue damage sum does not exceed approximately 10%,
provided the effective plastic hinge length is 0.4h or greater. This conclusion was not
sensitive to the parameters used, including the fatigue life relationship, meaning that fatigue
is unlikely to be consequential provided:

The maximum chord rotation is less than 0.02 rad,

The significant duration (D5 g5) of the damaging earthquake was less than 45 seconds,
and

The effective plastic hinge length is greater than 0.4 times the member depth when
calculated on the basis commonly adopted in New Zealand (NZSEE et al. 2018).




EfRLRHEB (P54)

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

International CRP 2021 —Category B
EFFECT OF LOADING DIRECTION ON SEISMIC SHEAR FAILURE IN REINFORCED

CONCRETE COLUMNS
Project Coordinator Name: Marc Eberhard, University of Washington
MSL Faculty: Professor Susumo Kono

- Aims of Research -

Modify the current evaluation methodology (Hua et al. 2019) to apply to columns that are
deformed in a general direction, not just along one of the principal axes of a column.

- Results -

The Covid-19 pandemic made it impossible for US researchers to visit Tokyo Institute of
Technology in 2021. Independently, a model was 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 (Hua et al. 2021).

Toading direction

negative  positive negative  positive negative  positive negative  positive
{a) Mlexural cracking. {a) shear cracking (e peak sirengih (dyend of vest

Hua, Jingjing, Gu, Xiang-Lin, Eberhard, Marc O., Wouagabe, Jusin (2021). “Influence of Lateral Loading Direction on Seismic Behavior of Shear-Critical Reinforced
Concrete Intermediate Short Columns.” Engineering Structures. February. DOI: https://doi.org/10.1016/j.engstruct.2021.113573.

ER£RBHFEB (P56)
Laboratory for Materials and Structures, Collaborative Research Projects No.206
International CRP 2021—Category B 3 s, 3 >
Post-earthquake damage evaluation of RC columns reparability and residual capacity

Project Coordinator Name: Marco Di Ludovico (University of Naples Federico II, Italy)
MSL Faculities: Susumu Kono

- Aims of Research -

The present project aims at the definition of a framework for assessing the residual capacity and the
reparability of reinforced concrete (RC) structures in the aftermath of an earthquake. A methodology for
the seismic damage quantification for existing RC structures has been developed in correlation with the
variation of dynamic properties (period elongation) through vibration-based SHM.

- Results -

Table 1: Seismic damage level and corresponding reparabilit

Park&Ang Damage level Repairability Damage state
Damage Index ©S)

A set of 250 rectangular RC bridge piers with solid DI<010 | Noorslghtdamage | Repaable damage pso
cross-section has been generated to assess the range SN || MR || Sneas ot
of variation of the selected modal-based damage B e B
features as a function of the seismic damage level. The D080 | Completcdamage  luepaiable damage

definition of the RC bridge piers dataset relies on the - i A
Latin Hypercube sampling technique. Lower bounds
(i.e., 16th percentile) and upper bounds (i.e., 84th
percentile) of the distribution for the natural period
elongation have been computed to build the correlation
matrix between changes in dynamic properties for each

seismic damage level, as shown in the figure. R e ™
Figure 1: Seismic damage level and
natural period elongation relations
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ER£RBHZEB (P58)
Laboratory for Materials and Structures, Collaborative Research Projects No.205

International CRP 2021 —Category B
Effect of Sparsely Spaced Stirrups on the Seismic Behavior of Reinforced Concrete
Vertical Structural Elements
Project Coordinator Name: Marina L. Moretti (National Technical University of Athens)
MSL Faculties: Susumu Kono

- Aims of Research -

This project aimed to further explore the potential of using fiber reinforced polymer (FRP) jackets to
counterbalance the negative effect of inadequate transverse reinforcement on reinforced concrete (RC) columns,
and more particularly on the prevention of buckling of the longitudinal rebars. The objectives of the project
included the assessment of existing design models for the resistance of substandard RC columns.

- Results -

The potential of retrofiting RC columns with buckled longitudinal
reinforcement by application of fiber reinforced polymer (FRP) jackets
seems to be a promising technique to enhance the seismic performance of
RC columns, as demonstrated by experimental studies in the literature. In
order to assess the seismic performance of RC vertical elements, with
different layouts of transverse reinforcement, which are strengthened
through FRP jackets, it is essential to accurately estimate the axial strength
of such RC columns. To this end, experimental results from the literature for
FRP-confined RC columns, with different geometrical and reinforcement
characteristics, have been assembled and applied to evaluate the predictive
capacity of 7 existing design models. It was concluded that Eurocode 8-1
(EN1998-1) provisions lead to generally safe and reliable results, and hence
are recommended to use.

Proposed model

Moretti M.L et al. 2021. Axial strength estimation of reinforced concrete columns confined through fiber reinforced polymer (FRP) jacketing. Journal of Multidisciplinary
Engineering Science, Volume 8, Issue 4.

ER£RBHFEB (P60)
Laboratory for Materials and Structures, Collaborative Research Projects No.207

International CRP 2021 —Category B
Revised Building Code NBC 105: 2020 Seismic Design of Buildings in Nepal

Project Coordinator Name: Prem Nath Maskey
MSL Faculties: Susumu Kono

- Aims of Research -

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

{ 3
- Results - @

The study had facilitated in identification of the
principles and strong base for formulating the
seismic/structural design approach conducive to the
typology of buildings and environment of Nepal. The
interaction in Japan was supposed to facilitate in
developing the updated form of the seismic code at
par with any other international code. This study
and interaction have highlighted on the strengths
and weaknesses of the present Nepalese Code and
the rational ways to enhance it.

NEPAL NATIONAL BUILDING CODE

NBC 105: 2020

SEISMIC DESIGN OF BUILDINGS IN NEPAL

Gavemment of Nepal
Central Lavel Project Implementation Unit (Building)
Mational Reconstruction Autharity
Babar Mahial. Rastiuadu. NEPAL
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[Transport properties of Zn,N, investigated by ionic liquid gate
electric-double-layer transistors |

%R FXHE : Qun Zhang (Fudan university) H#RFEHEHE : #FBEH

Zn,N, shows high electron mobility >100 cm?V~'s™! in polycrystalline phase, which endows it with high potential
as an active material for transistor devices In this study, we have fabricated ionic liquid gated electric—double—
layer transistors (EDLTs) to investigate the transport properties of Zn;N, and exhibit its true potential as an
active material for thin—film transistors.

— BIEAR-IR —

The output curves of a typical ZnyN, EDLT with Ti/Au
contacts are shown in Fig. 1. The transfer curve measured at
210 K shows an optimum saturation mobility of 46.6 cm2V-
1s—1, a threshold voltage of 0.07 V, an on/off current ratio of
106, and a subthreshold swing of 0.17 V-dec—1. The
temperature dependence of channel sheet electron density
under different gate voltages was also investigated. It is
estimated that a sheet electron density of 1.85X 103 cm™2 is
accumulated when a l/g = +2.5 V is applied at 210 K. The
results indicate that Zn;N, is a promising high—-mobility active
material for future electronics applications.

Fig.1 Typical output curves of Zn;N; EDLT
measured at 230 K.

ER£RBHFEB (P65)
Laboratory for Materials and Structures, Collaborative Research Projects No.229

International CRP 2021 —Category B

Development of New Reinforced Concrete Wall System

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

- Aims of Research -

This research aims to evaluate a multi-spring model in predicting the load-deformation curves and the
damage of the tested rocking concrete walls. The numerical model is able to evaluate the timing and
determining factors of each damage limit state of the rocking concrete wall with dampers and without
dampers.

- Results -

Numerical analysis was conducted to reproduce the limit
states and damage conditions for the hybrid rocking wall.
Shear force - drift angle relation was well simulated with the
multi-spring model by using a spring element length of /,
equal to 0.5 times wall length. Residual drift angle, strain
condition of the concrete, and PT rod force were simulated
numerically with good accuracy until R=2.00%. Damage
conditions and limit states for the hybrid rocking wall were
simulated numerically and the drift angle of each limit state
was well-simulated. Limit state controlling factors in the
experiment were also reproduced by the numerical model. o s g s o os

Drift Angle (R) (%)

Shear Force(Q) (kN)

[ I

13



14

ER#£RMEB (P6T7)
Laboratory for Materials and Structures, Collaborative Research Projects No.65
International CRP 2021 —Category B
Exploring origin of spin reorientation transition in RE-TM oxides

Project Coordinator Name : Tanusri Saha-Dasgupta
MSL Faculties: Hena Das

- Aims of Research -

To provide microscopic understanding of complex magnetic behavior arising due to
interplay of rare-earth and transition metal magnetism.

- Results -

Interplay of transition metal and rare-earth
Hybridization and single-ion anisotropy drives
the observed spin-reorientation transition in
Specific RE-TM oxide, NdCrO3.

Ayet unreported C-type antiferromagnetism
Is found in Nd sublattice, throwing debate
on cooperative ordering of Nd spins.

[roo]

EfR£EHEB (P69)

Laboratory for Materials and Structures, Collaborative Research Projects No.209

International CRP 2021 —Category B
Development of self-centering earthquake resilient friction damper

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

Aims of Research

The aim of the research is to develop high performance self-centering frinction 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 novel self-centering damper named SCFD is proposed. SCFD uses the conical and flat friction surfaces
and PT tendons to provide self-centering capability when the SCFD is subjected to translation deformations in all
directions. Detailed mechanisms and design equations for SCFD have been derived. The response of the SCFD is verified

using cyclic component tests. The results show that the proposed equation matches well with the experimental results. The
results show that SCFD can be easily tuned to achieve different hysteresis shapes with stable energy dissipations.

Figure 1: Concept of SCFD Figure 2: Force-deformation response of HSF



ER£RBHFEB (P72)
Laboratory for Materials and Structures, Collaborative Research Projects No.57

International CRP 2021 —Category B
GaN catalysts synthesized through the pyrolysis of gallium and melamine and their
applications in methane conversion

Project Coordinator Name: Yu-Chuan Lin (National Cheng Kung University)
MSL Faculties: Keigo Kamata

- Aims of Research -

The anaerobic conversion of methane to acetonitrile (AcCN) using GaN catalysts synthesized through the solid-state
pyrolysis of gallium nitrate hydrate and melamine was investigated. The as-synthesized GaN catalysts had higher
porosities, lower crystallinities, and better activities in methane conversion than those of the commercial GaN.

- Results -

The anaerobic conversion of methane to acetonitrile (AcCN)

using GaN catalysts synthesized through the solid-state

pyrolysis of gallium nitrate hydrate and melamine was J$J ‘j‘ @
investigated. A series of GaN catalysts (unsupported GaN, 50 b °

wt% GaN/SiO,, and 5 wt% GaN/SiO,) were prepared, and their u
»-o5
L

physicochemical properties were analyzed. The as-synthesized

GaN catalysts had higher porosities, lower crystallinities, and #' _ A

better activities than those of the commercial GaN. Among .-o - i
tested catalysts, 5 wt% GaN/SiO, displayed the highest

methane conversion rate and AcCN productivity at 700 °C.

Residual carbonaceous and nitrogen species, such as sp2-N Methane conversion to acetonitrile

(N = C) and cyano-N (NC), are likely to participate in the by surface CN containing GaN
transformation of methane to AcCN.

ER£RBHFEB (P73)
Laboratory for Materials and Structures, Collaborative Research Projects No.210

International CRP 2021 —Category B

Energy behavior of reinforced concrete shear walls

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

- Aims of Research -

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

energy dISSIpatIOn CapaCIty. il 2 8@ 6 K 06 60000020304 01505 17 08

b}
The ability of the proposed model to make robust and accurate 2 s
predictions is validated based on unused data with prediction 2
accuracies (the ratio of predicted/actual values) close to 1.00
(where 1.00 means perfect match) and high coefficient of Z :
determination values (R%>0.90). 100 5

fl 2 B R6G 6B G A0MA (2305 76 f17 fl8

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

- Results -

* A machine learning method, namely: High Dimensional Model
Representation (HDMR)), was used to investigate the most
influential wall design parameters (e.g., material properties,

Number of trials
2 8 & ¥

g

Numiber of wials
2 8 & B




Eff£RHEB (P75)

Laboratory for Materials and Structures, Collaborative Research Projects No.217

International CRP 2021 —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 -

We aim to obtain reliable test data by performing quasi-static loading and dynamic loading tests on the
geometrically identical BRBs, which provides data support for the calibration of the one-dimensional
rheological model proposed before. Specially designed all-steel assembled BRBs were used so that the
core can be visually inspected and temperature of the core directly measured.

- Results -

Eleven geometrically identical BRBs were subjected to either dynamic or quasi-static uniaxial loading until
the core plates fractured. The results show that higher strain rate resulted in higher peak axial force, higher
compression overstrength factor and higher temperature of core plate.

- — [ Static loading —— Dynamic-0.2Hz —— Dynamic-0.5Hz = == Dynamic-1.0Hz |
500 180

L
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Web page: http://qu-zhe.net/

Eff£E#HEB (P82)

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

International CRP 2021 —Category B

All Solid State Thin Films for Solid Oxide Fuel Cell

Project Coordinator Name: Zhipeng Li
MSL Faculties: Shintaro Yasui

- Aims of Research -

A key approach is to reduce the operating temperature of traditional SOFC, and to develop new intermediate-temperature
SOFC, which can work at 500 — 800 °C. One promising and efficient way is to reduce the thickness of electrolyte, resulting
in the developing of thin film SOFC in recent years. Therefore, in this research program, we try to use thin film technique to
develop all solid state thin film SOFC devices.

- Results -

In this work, we investigated possibilities of synthesizing
all solid state thin file SOFC by using PLD thin film
deposition. PLD-grown of Gd doped ceria (GDC) thin
films on Ni-GDC substrate were conducted. In order to
comprehensively study the all growth conditions, in the
following studies, we plan to use different substrates, )
such as single crystal GDC, polycrystal GDC, and other 3 2% . :
transition metal-GDC compounds in more details, NiQ-GOC Anode Ni-GDC Anode
followed by SEM, TEM and electrochemical testing. : oo,
Therefore, we can understand more about the
electrochemical processes including structural
transformations, anisotropy of ion diffusion, and
interfacial reactions.

&DC Thin Film GDC Thin Film

Fig. Gd doped ceria thin film deposited on Ni-GDC Anode substrate.
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