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

International CRP 2024 — Category A
(Seismic isolation for buildings in earthquake areas)
Project Coordinator Name: Andreea CASUTA MSL Faculties: Shoichi Kishiki

- Aims of Research -

The purpose of the project is to share information on the seismic isolation topic, studied and applied
extensively in Japan, while in Romania it is still in the beginning. Romania’s recorded earthquakes show a
pulse-like accelerogram, and for this reason, specific requirements are necessary to apply seismic
isolation to both new and existing buildings.

- Results -

During the applicant’s visit in Japan she had the chance to visit manufacturing companies for seismic
isolation and damping technologies devices. The interesting things learned during the visits, such as how
to make and test such devices and many details about such devices were then shown to professional
engineers and students.

Last October the applicant organized in UTCB an international conference,
where 10 devices manufacturers were invited and also local design
engineers who applied seismic isolation in Romania. In the beginning of the
event, the president and 3 ASSISi directors (including the applicant)
presented the technologies of seismic isolation but also damping and
vibration control. The event gathered around 40 professionals from the
Romanian engineering market. The main design companies joined.

Please fill information such as URLs, research papers, etc., which you wish to publicize, in this section.
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Laboratory for Materials and Structures, Collaborative Research Projects No. 01

International CRP 2024 — Category B
Symmetry-Operation Assisted Materials Design and Novel Ferroelectric

Materials Realization with High Pressure Synthesis Techniques

Project Coordinator Name: Wei-Tin Chen (National Taiwan University)
MSL Faculties: Masaki Azuma

- Aims of Research -

It is aimed to design novel functional materials such as ferroelectric or negative thermal expansion
materials based on crystallographic symmetry requirements, and realize target functional oxides by
utilizing high pressure synthesis techniques. With symmetry-operation analysis of their structure and
phase transition, crystal symmetry modification will be adapted for further materials design.

- Results -

BiNiO; is a unique perovskite oxide requires high pressure high temperature (a)
(HPHT) techniques to prepare, and exhibits rich charge behaviour upon
various pressure and temperature conditions, including insulating charge
disproportionated phase and metallic charge transferred phase. Such P- and
T-induced charge transitions are accompanied with intriguing negative
thermal expansion (NTE) effect. When the sample is pressurised above 4
GPa and cooled down, further phase transition was observed. The high
pressure neutron diffraction at 4.3 GPa and 100 K revealed a pressure-
induced charge glass state of BiNiO; (as shown in the figure). Considering
the valence skipper nature of bismuth, it was concluded that the pressure-
induced charge amorphisation was realised that the Bi®* and Bi®* cations are
randomly distributed at the A site.

Publication: W.-T, Chen and M. Azuma et al., Pressure-induced charge amorphisation in BiNiO;, Nat. Commun., 16, 2128 (2025)
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Laboratory for Materials and Structures, Collaborative Research Projects No.212

International CRP 2024 —Category B

Research on Seismic Performance and Design Method of Rocking Steel Frame

with Column Uplift

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

MSL Faculties: KISHIKI Shoichi

- Aims of Research -

To improve the existing seismic design methods for rocking steel frames, this study initially proposes a preliminary
performance-based design approach for Gravity-controlled Rocking Steel Frames (GRSFs) with column uplift.
Subsequently, the performance-based design method is applied to a reference facility, and its seismic performance
is evaluated. Finally, the column impact effects on the dynamic response of GRSFs is analyzed to optimize the
design method.

- Results -

(1) Performance objectives and a performance-based
design method for GRSFs are proposed. At the SLE
level, the rocking of the GRSF is triggered, and the
yielding of column bases occurs; at the DBE level, the
yielding of coupling beams occurs to dissipate energy; at
the MCE level, the main elements remain elastic.

(2) The GRSF designed using the proposed method can
achieve the expected performance targets. The peak
interstory drifts does not exceed the limits, which are
0.5% and 1% at the DBE and MCE levels, respectively.
(3) The effect of column impact on the column base and
first-story brace should be considered, and a force
amplification factor of 1.1 is recommended to optimize
the proposed method.

Select performance objectives and drift
limits A,,, (DBE) and 4, (MCE)

Estimate structure period T

SLE: Determine contribution from
rocking column bases M,,

Coupling beam

DBE: Determine contribution
from coupling beams Mgg.y

MCE: Determine contribution
from main elements Mgy

¥
Calculate the drift D, (DBE) and D,
(MCE) per time history analysis

1<4yy and Dy<Ay 1o

Column base yes

with ED device
GRSFs with PBSD method
column uplift for GRSFs
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Laboratory for Materials and Structures, Collaborative Research Projects No.207

International CRP 2024 — Category B

Innovative retrofit solution for existing RC structures
Project Coordinator Name: Marco Di Ludovico

MSL Faculties: Susumu Kono

- Aims of Research -

The project investigates the use of the RFRCC light jacket for improving the flexural and shear capacity of
reinforced concrete (RC) structures. The project adopts analytical models to estimate the effectiveness of
the solution and its limitations. To this aim, models validated on experimental results are built for reinforced
concrete columns. A methodology for the design of such strengthening solution is then proposed.

- Results -

The main result of the project is the proposal of an analytical
formulation for the design of RFRCC light jackets for the flexural
upgrade of existing RC columns. Such model is of paramount
importance for the application of the proposed innovative system in
the current construction practice in Italy, Japan and worldwide.
For the design of the flexural strengthening, a sectional analysis is
performed according to the stress-block method, as per Eurocode
2. The stress-strain behavior of FRCC in tension and compression
is then computed following the recommendations of the Italian
guideline CNR-DT204/2006 for fibre reinforced concrete. The
assumption of perfect bond between the existing concrete
substrate and the FRCC is made, based on experimental
observations. Through the equilibrium equation between internal
and external actions, the neutral axis depth is computed. The
additional HP-reinforcement is not explicitly considered in the
equilibrium, as it is implicitly included in the tensile contribution of
the FRCC.
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Laboratory for Materials and Structures, Collaborative Research Projects No.205

International CRP 2024 — Category B
Effect of Seismic Pounding on Self-centering Wall-Frames

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

- Aims of Research -

Seismic pounding analysis of post-tensioned hybrid (PH) precast wall buildings with an adjacent buildings
will be carried out with a view to investigate the influence of seismic pounding on the structural
performance of PH precast wall buildings. The structural performance of buildings is evaluated
considering various separation distances under risk-targeted maximum considered earthquake (MCEg)
level ground motions.

- Results -
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The pounding showed no significant effects on the residual IDR of | i J | ‘
PH precast wall building. However, pounding caused larger
residual IDR in both RC shear wall buildings and MRF buildings.

wall building with MRF building Inter-story drift ratio (%)

~o-No pounding
~+d,=20mm ||
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Laboratory for Materials and Structures, Collaborative Research Projects No.47

International CRP 2024 — Category B

Ultrafast coherent phonon dynamics in topological materials

Project Coordinato: Jianbo HU (China Academy of Engineering Physics)
MSL Faculties : Kazutaka G. Nakamura

- Aims of Research -
This project aims to systematically investigate the temperature-dependent coherent phonon dynamics in the topological
kagome magnet GdV¢Sng. Specifically, the research aims to: first, identify characteristic temperature points, where phonon
behavior may deviate from anharmonic models; Second. understand the origins of phonon anomalies (softening/hardening
and lifetime changes) near these temperatures, linking them to electronic structure changes (e.g., van Hove singularities,
DOS near the Fermi level) and magnetic ordering.

- Results -

In this work, we systematically investigate the
temperature-dependent coherent phonon dynamics of
GdVgSng and two characteristic temperature points
have been identified (i.e., T, at ~100 Kand T, at ~ 5
K). Specifically, we have observed the anomalous
softening and suppressed decaying of the Ag4 phonon
mode when approaching T, which may result from the Time Delay (ps) Frequency (1)
change of density of states (DOS) near the Fermi _ e 5 T
surface. While around T, the hardening and B Loactine
accelerated decaying of the A * phonon mode
emerges since the buildup of magnetic order alters the
phonon energy renormalization and opens an
additional scattering channel.
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Please fill information such as URLs, research papers, etc., which you wish to publicize, in this section.
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Laboratory for Materials and Structures, Collaborative Research Projects No.202

International CRP 2024 —Category B
Earthquake Ground Motion Parameters for the Monument Zones of the World
Heritage Site of the Kathmandu Valley

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

The Project aimed at the collection and preparation of the earthquake ground motion parameters for the monument
zones of the World Heritage Site of the Kathmandu Valley by learning the chronological development of Japanese ways
of assigning the earthquake ground motion parameters in the seismic codes and standard laws. The safety of people
and mitigation of large damages during large earthquakes have been the key words of Japanese regulations.

- Results -

The study had facilitated in determination of the seismic hazard curve for all the seven
monument zones of the World heritage Site of the Kathmandu Valley. The influence of the
soil sediments on the ground motion during the earthquakes at all the monument zones
was obtained. 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.

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

Eff#£RBZEB (P30)
Laboratory for Materials and Structures, Collaborative Research Projects No0.206

International CRP 2024 — Category B

Development of Alternative Material for Round River Stone Masonry Housing
Project Coordinator Name: Gokarna Bahadur Motra (Tribhuvan University, Nepal)

MSL Faculties: Prof. Susumu Kono

- Aims of Research -

The main objective of this study is to find the effectiveness of precast stone masonry
blocks in context of Nepal. Determine the optimum stone content based on the strength
and economy. Performance evaluation of masonry houses with precast stone blocks.

- Results -

The sample (1:4:8) with 30% stones and 0.45-0.55 water cement ratio has
exhibited excellent performance. It demonstrated higher strength with very less
variation in standard deviation. Factors such as the placement of stones, workmanship,
and the curing method contributed to the higher strength observed in these blocks. The
primary cause of block failures is observed at the interface between the concrete and
stones. Cracks in the stones can also be observed in certain samples. Blocks with
stone content exceeding 30% by volume have not exhibited satisfactory performance.
Blocks with dimensions of 290x190x140 mm, the stone content can be increased.
Based on the test results and cost considerations, block with a 1:4:8 ratio and 30%
stone content is recommended for construction.
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Laboratory for Materials and Structures, Collaborative Research Projects No.208

International CRP 2024 — Category B
Development of numerical constitutive model for confined concrete

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

- Aims of Research -

This project aims to develop a concrete damage plastic model, based on the combination
of damage mechanics and plasticity, to analyze the failure of concrete structures confined
by shear reinforcement and/or steel tube.

- Results -

A plasticity-damage mechanics model was successfully used to model and analyze spun
cast piles made of high-strength concrete encased by steel tubes. This work was carried
out by members of the Kono lab (Kono-sensei, Priyana Rajbhandari, and Clarissa Jasinda).
This constitutive model has helped the group create models to accurately simulate
experimental results. This has resulted in useful outcomes such as developing strain limits
in walls for performance levels defined by Japanese design agencies and developing
design equations for circular hollow precast high-strength concrete-filled steel tube piles
under uniaxial compressive loads. A second constitutive model which is normalized by
concrete crushing energy has been used with great success in fiber-based analyses.

ER£RBHZEB (P35)
Laboratory for Materials and Structures, Collaborative Research Projects No.203

International CRP 2024 —Category B
Development of ultra-high performance concrete using various waste resources

(Interface transition zone properties of lightweight aggregate high strength mortar with waste resources)

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

- Aims of Research -

The objective of this study is to investigate the interface transition zone properties of lightweight aggregate high strength mortar with waste
resources. Different types of LWA (Vermiculite (V), Waste glass beads (WGB)), the development of ITZ between the cement matrix and
aggregate, and the heterogeneity characteristics were examined via time series analysis. Based on the results, the timing of moisture release
in the LWA types was analyzed for curing times of 3, 7, 28, 56, and 90 days. Finally, the improvement in the nanostructures and the
development of strength in an IC environment were systematically analyzed using LWA/sand (L/S) and the moisture state of the mortar.

- Results -

The compressive strength expression of the mortar increased ™ Sioco OSwe 10 BLS
linearly with curing time as the L/S increased. During the early ™| f| f
curing stage, the moisture retained by LWA continuously £
supported the hydration reaction in the ITZ, contributing to
strength expression. With an increase in the L/S value, a clear ©
tendency for moisture consumption was observed in the ITZ. It
was possible to determine the level of moisture voxels " v vo ve e we v we  we
consumed in the ITZ as the moisture within the LWA moved

along the direction of the cement paste. This was attributed to
the variation in the total amount of moisture among the different
types of LWA of the same quantity. The plastic hardness of the
ITZ increased as the curing progressed from 56 days to 90
days. The moisture released from the LWA facilitated the
hydration reaction as it moved into the cement paste. The Ca/Si
ratio in the mortar with LWA increased with curing time. This
reflects the structural characteristics of C-S-H formed during
hydration within the cement paste, where the low-density C-S-H
gels developed dense and uniform microstructures.

Web page: https://concrete.cnu.ac.kr/
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l-Hydrogen-lnduced TFT Operational Transformation in Tin Monoxide TFT |

Kenji Nomura, University of California, San Diego
MSL Faculties : Keisuke Ide

This project investigates the effect of hydrogen impurity on the electrical characteristics of Tin monoxide
(SnO) thin—film transistors (TFTs). The study focuses on assessing its impact on the TFT operation mode,
proposing a novel approach to control the switching behavior of SnO-TFTs.

— BRAR-IR —

The influence of hydrogen impurities
on p-channel SnO-TFT  was
investigated through RF hydrogen
plasma treatment. It demonstrated
that hydrogen incorporation into the
SnO channel layer modified the TFT
operation mode, transforming the \ " " ﬁ "

device from p-channel mode to n- -4‘0“-20<‘)2lo40 40200 2040 4;02‘0(;2‘04}1 o 4;02‘0(; ‘2‘6‘:6
channel mode through ambipolar Ve V) Ve (V) Ve (V)
operation.

Tig.1 Variation of transfer characteristics by hydrogen plasma treatment with different RF powers (a) Pristine, (b) 10 W,
(c) 30W, and (d) 50W for the p-channel SnO-TFTs. The treatment duration was 10 sec.
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Laboratory for Materials and Structures, Collaborative Research Projects No.213

International CRP 2024 —Category B
Seismic response analysis of base-isolated structures under long-
period ground motions

~ Project Coordinator Name: Zhe Qu MSL Faculties: Shoichi Kishiki

- Aims of Research -

This project aims to identify risks to isolation bearings, particularly excessive shear strain and tensile stress under
intense long-period ground motions. The goal is to enhance base isolation design, mitigate long-period motion risks,
and ensure the reliability of isolation bearings, paving the way for future super-long-period base-isolated buildings.

- Results -

This study found that the 2024 M7.6 Noto Peninsula Earthquake had strong long-period characteristics, significantly
affecting base-isolated structures. Simulations showed that intense long-period shaking could compromise the
isolation layer, with rubber bearings at high risk due to excessive shear strain and tensile stress. Considering soil-
structure interaction (SSI) and nonlinear soil response, soft soils amplified long-period motions, increasing
displacement, rocking, and the risk of tensile-shear failure. These results highlight the need to enhance the tensile
capacity of isolation bearings or implement control measures to improve the safety of base-isolated systems under
long-period shaking.

ISK00S
Shear  strain and - +3
vertical stress in rubber
bearings under long-

period ground motions

Vertical stress (MPa)
Vertical stress (MPa)

o

100 200 300
Shear strain (%)

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

ER£RBHFEB (P45)
Laboratory for Materials and Structures, Collaborative Research Projects No.204

International CRP 2024 —Category B
Development of high-performance carbon neutral seismic force resisting system

Project coordinator 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 a high-performance CLT shear wall system which can be used for
high rise applications.

- Results -

Figure 1a shows the novel dual-pinned self-centering coupled CLT shear wall (DSCW) system developed
in this study. DSCW consists of two sets of CLT shear walls that are coupled to one another using the self-
centering friction dampers (SCFD) shown in Figure 1b. In addition, the base of the DSCW is designed to sit
on V-shaped truss assemblies. Figure 2 shows the force-deformation of the DSCW under cyclic load.
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Laboratory for Materials and Structures, Collaborative Research Projects No.2
International CRP 2024 —Category B
High-pressure synthesis and complex structural evolution of Hg, ,Pb,MnO,
(0sx<0.5)

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

- Aims of Research -

The aim is to use synchrotron X-ray diffraction to analyze the specific structures of these compounds, and

to understand the internal evolutionary relationships and the physical mechanisms behind them.

- Results -

HgMnO, Hg, 4Py ,MnO; Hg, (Pb,MnO; Pb(Pb, 3Hg,3);Mn,0,,
(x=0) (x=0.1) (x=0.15~0.3) (x=0.5)

Intensity (arb. units)

High-quality powder polycrystalline Hg,,Pb,MnO; (0 < x < 0.5) samples were
e prepared at high-pressure and high-temperature conditions. As the doping level of
Pb increases, the crystal structure evolves from P2,/c to R-3c, then to polar Ama2,

Pna2,
- ]"‘“'3 and finally to Im-3. Most interestingly, when the doping level reaches x = 0.5, the

s [m3 crystal no longer adopts a simple perovskite structure but forms an A-site ordered

200 % quadruple perovskite with the chemical formular of Pb(Pb,;3Hg,/3);Mn,0 5.
eg
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Cell voltage vs. Li-In / V
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