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

International CRP 2025—Category A

Magnetic and negative thermal expansion study on CaMFe,O. (M = Co, Ni)
Project Coordinator Name:Youwen Long (Institute of physics, CAS)
MSL Faculties: Masaki Azuma

- Aims of Research -

The aim of the project is to investigate novel magnetism induced by compressed MOg4 octahedra and

uniaxial negative thermal expansion in the post-spinel derivatives CaCoFe,O5 and CaNiFe,Os.

- Results -

—ZFC

—FC(0.1T) exhibits  antiferromagnetic

CaCoFe,Oq
behavior, with the magnetization continuing

o—0—0—0—0—9

—_
=3

v

7 (107"-emu/mol/Oe)

o

260 360 460
T (K)
Magnetic susceptibility

and magnetization

0 100

Difference (%o)
} o

IS

-6
100

o /:/" —o—a/a,
o o —o—b/b,
e —o—c/c¢,
—° ——V/V,

@
o

260 ZéO 3(.)0
T(K)
Temperature dependence

of the lattice parameters

150

to increase and remaining unsaturated even
under a high magnetic field of 35 T. In

addition, it shows anisotropic thermal

expansion, including a clear uniaxial

negative thermal expansion along the b axis.

curve of CaCoFe,Oq of CaCoFe,0Ogy

EfRLEHEA (P18)

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

International CRP 2025 — Category A
(Seismic isolation for buildings in earthquake areas)

Project Coordinator Name: Andreea CASUTA (Dutu)
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 combined with a long-period component, and for this reason, specific
requirements are necessary to apply seismic isolation to both new and existing buildings.

- Results -

The impact of the newly proposed design code P100-1:2025 was studied for the seismic isolated buildings. An existing
building was considered, and the results indicated it would need retrofit according to the new code. Several solutions were
investigated: viscous dampers along double friction pendulum (DFP) device (LVD case), friction dampers along with DFP
device (HD case), friction dampers with an initial gap (HD+GAP case) and results are shown bellow.
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Laboratory for Materials and Structures, Collaborative Research Projects No. 02

International CRP 2025— Category B
Symmetry-Operation Assisted Materials Design and High-Pressure

Synthesis of Novel Functional Materials

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

- Aims of Research -

In this project, we aim to develop novel materials by using pressure as a key control parameter to bring
metastable phases to ambient conditions. Taking the quadruple perovskite system as a platform, we will
investigate the influence of the A-site cations on the structural evolution of the system, including charge
ordering, orbital ordering and magnetic properties.

- Results -

Previous studies have reported that HgMn,O,, exhibits distinct behavior
compared to other compounds in the quadruple perovskite family. At low
temperatures, a charge transfer occurs from A to B site, which
subsequently induces a structural transition from R-3 to Pnn2, lowering
the symmetry from centrosymmetric to non-centrosymmetric. In this
work, we attempt to dope Pb?* ions with lone pairs at the A site to
investigate the influence on the structural and phase transition behavior.
Our results show that a twenty percent Pb2* substitution suppresses the
original structural transition, giving rise instead to transitions of R-3 —
R-3 (0 0 y) or P-3. By combining previously reported AMn,0,, (A = Cd,
Ca, Sr, Pb) systems with the samples successfully synthesized in this
study, a more comprehensive and detailed phase diagram can be
constructed.

Hg, 4Pby,Mn,0,,

Ef#£RBZEB (P24)
Materials and Structures Laboratory, Collaborative Research Projects No.211

International CRP 2025 — 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 FRCC (Fibre Reinforced Cement Composites) light
jacketing for improving the flexural capacity of reinforced concrete (RC) beams. The project
adopts refined FE models to validate the effectiveness of the solution and its limitations.

- Results -

A FE model developed in ABAQUS has been FRCC
validated over existing experimental data on small U-jacketing
scale beams. FRCC

The parametric study on a full-scale beam has been bottom-
performed, illustrating the role of FRCC and concrete Jacketing
strength on the effectiveness of the solution. It is e B e

found that the FRCC strengthening has higher effect s
on weaker structures with low quality concrete. - o B
No significant difference is observed in the numerical an?® i "i
models between  the  two strengthening ‘ 6
configurations.
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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.214

International CRP 2025 — 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 -

The lateral deformation of Self-centering systems is larger than their equivalent monolithic systems. Therefore, Self-centering systems are vulnerable
to seismic pounding. Seismic pounding analysis of (i) 4-story PH precast wall building with 4-story moment-resisting frame (MRF) building and (ii) 4-
story RC shear wall building with 4-story MRF building are studied. The structural performance of buildings is evaluated considering various
separation distances under both design earthquake (DE) level and risk-targeted maximum considered earthquake (MCEg) level motions

- Results -
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The variation of inter-story drift (IDR) due to pounding is less than 10% for both PH precast wall building and RC shear wall building. Pounding
results in a significant change to IDR of MRF building in the vicinity of impact. The pounding showed no significant effects on the residual IDR of PH
precast wall building. However, pounding caused larger residual IDR in both RC shear wall buildings and MRF buildings. The residual IDR is larger
under MCEg-level. When the separation distance increases, the effect of pounding decreases. The maximum impact force is higher for the
Configuration B than Configuration A.
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Materials and Structures Laboratory, Collaborative Research Projects No.44

International CRP 2025 — Category B
Metal@Semiconductor Core@Shell and Yolk@Shell Nanostructures for Photocatalytic

Hydrogen Production
Project Coordinator Name: Yung-Jung Hsu (National Yang Ming Chiao Tung University)
MSL Faculties: Chun-Yi Chen

- Aims of Research -

Despite remarkable progress in photocatalytic hydrogen production on core@shell and yolk@shell nanostructures, key challenges remain, as outlined
in Figure 1, before practical application is feasible. The following sections analyze these hurdles in detail and outline strategies to address them, with
emphasis on materials cost, scalable manufacturing, robust carrier extraction, and controlled mass transport.

- Results -

First, the heavy reliance on noble metals, particularly Au, Ag, Pt, as cores and yolks
inflates cost and constrains scale, underscoring the need for earth-abundant
substitutes that retain comparable plasmonic and catalytic functionality. Cheaper,
abundant metals such as Ni, Cu, Co, and Ti have already been deployed as core/yolk
components in core@shell and yolk@shell systems and, in some cases, exhibit
properties rivaling or surpassing noble-metal analogues. Second, most core@shell
and yolk@shell syntheses are multistep and time-intensive, limiting throughput and
hindering industrial translation. To address scalability, one-step routes can reduce
process complexity and cost, while robotic platforms offer high-throughput,
automated production of photocatalyst libraries. Third, charge transfer topology can
impede carrier extraction. In core@shell systems, the metal core is partially insulated
from the electrolyte, risking redox imbalance and forcing carriers to traverse defect-
prone shells. In yolk@shell systems, a mobile yolk improves mass transport but does
not continuously contact the shell, inviting recombination when interfacial coupling is
intermittent. Furthermore, advanced plasmonic architectures, such as dimer
singularities and core-Janus-shell configuration, may open a new design space for
plasmon-driven photocatalytic hydrogen production. For molecule migration, the
diffusion behavior through penetrable shells should be measured and modeled by R
e.g., dye-release assays or in-situ concentration profiling in order to link shell
architecture with permeability, tortuosity, and effective diffusion coefficients.

Please fill information such as URLs, research papers, etc., which you wish to publicize, in this section.
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Materials and Structures Laboratory, Collaborative Research Projects No.47

International CRP 2025 — Category B
Hydrothermal synthesis of flexible one-dimensional structured carbon

material fiber for supercapacitor properties
Project Coordinator Name: Hou-Sheng Huang (Chung Hua University)
MSL Faculties: Chun Yi Chen

- Aims of Research -

Electronic textiles (e-textiles) require efficient, flexible energy storage. Micro-supercapacitors power
miniaturized devices under demanding conditions. This study presents a wire-type supercapacitor based
on micrometer-scale one-dimensional (1D) electrodes fabricated via hydrothermal transformation of 2D/3D
structures, enabling controlled crystal growth and tunable properties for flexible energy storage.

- Results -

The GO/SWCNTs hybrid fiber demonstrates that integrating =~ “5°
graphene oxide sheets with carbon nanotubes forms a i‘;f:;a;;j:°'”be']
mechanically robust and electrically efficient network, where

SWCNTs act as bridges to enhance structural integrity and
electron transport.

Hydrothermal-induced crystallization produces a compact, §
aligned fiber architecture, achieving a capacitance of 2.7 mF 35

cm™2 with excellent flexibility. Compared to conventional

carbon fibers, the system exhibits superior adaptability and 2%
bending tolerance.

This work establishes a scalable design strategy for flexible __ \ \
supercapacitor fibers, offering a promising platform for T e oa oe os
wearable energy storage and e-textile applications. Voltage (V vs Ag/AgCl)

2E-005

EfR£EHEB (P36)

Laboratory for Materials and Structures, Collaborative Research Projects No.208
International CRP 2025 —Category B
Vernacular Structural Design of Historic Monuments in the

Kathmandu Valley

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

The project aims to describe the technology of masonry construction in stones after
dressing in the remote areas of Nepal. The technology describes the construction starting
from the dressing of crude stones. The proposed technology opens the use of crude
stones after properly dressed into a regular stones and laid as usual masonry structure.

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
masonry 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. Ll

Web page: http://physics.aalto.fi/groups/nanospin/
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Materials and Structures Laboratory, Collaborative Research Projects No.215

International CRP 2025 — Category B
Guideline on the Code of Practice for Steel Buildings in Nepal

Project Coordinator Name : Gokarna Bahadur Motra (Tribhuvan University, Nepal)
MSL Faculties: Prof. Susumu Kono

- Aims of Research -

Develop a guideline on the Code of Practice for steel buildings (NBC 111) to align with international
standards and support steel structure design advancements. Evaluate the material (structural steel)
properties. Also, ensure regulatory framework meets contemporary benchmarks, fostering growth and
safety in steel construction in Nepal.

- Results -

This code of practice for Steel Buildings in Nepal fulfils the design, fabrication and assembly criteria of
steel buildings and others structures exhibiting analogous functionality, characterized by comparable
vertical and lateral load-bearing components with hot rolled steel sections and high tensile strength steel.
Strength, ductility and weldability of steel parts should be confirmed by tests. Hence, in field quality of steel
should be confirmed through appropriate tests in accordance with the method specified in IS 1608 and
ASTM standards.To achieve the resulting design as sufficiently stable, strong and serviceable under all
possible loads and their associated effects, all possible load combinations are considered to obtain most
critical load scenario. Herein, the limit state method of design shall be adopted.

Section properties should be determined considering net sectional area and local bucking. The maximum
slenderness ratio for compressive elements reduced from 180 to 150 considering best practices prevailing
and found from recent researches. Maximum slenderness ratio for pure tension elements reduced from
350 to 300 in in current code. This guideline will serve as a best seismic resistant design guideline of Steel
Buildings in Nepal.

Arial 10
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Materials and Structures Laboratory, Collaborative Research Projects No.207

International CRP 2025 —Category B

Proposal and Verification of Next-Generation High-Performance Concrete Piles and Pile Cap Connections Based on
Axial Load Retention as a Fundamental Design Premise

Project Coordinator Name : David Mukai (University of Wyoming)

MSL Faculties: Susumu Kono

- Aims of Research -

The research develops high-performance CFST piles and connections that maintain axial capacity during
major earthquakes, establishes validated design equations and tools, and advances seismic design
guidelines to enable adoption in Japanese, American, and international engineering standards.

- Results -

This research moved us towards the goal of developing foundation structures that resist settlement,
inclination, and overturning during major earthquakes, establishing high-performance pile systems that
support building functionality and rapid post-earthquake recovery. High-performance CFST/SC piles and
pile—cap connections were developed and shown to retain axial load capacity under large compressive
and tensile forces, limit axial shortening, and maintain excellent flexural performance at large
deformations; these behaviors were verified through experimental and analytical evaluation. Using a
comprehensive damage database, practical analytical models and design equations were created to
accurately reproduce nonlinear pile and connection behavior in forms suitable for engineering practice.
Performance-based design methods and representative examples were incorporated into standards and
guidelines to support widespread implementation.
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Materials and Structures Laboratory, Collaborative Research Projects No.209

International CRP 2025 — Category B
Development of multi-functional concrete using reduced carbon materials

(Focusing on fresh properties of waste plastic pyrolysis char (WPC) mortar)
Project Coordinator Name : Jeongsoo Nam (Chungnam National University)
MSL Faculties: Susumu Kono

- Aims of Research -

Waste plastic pyrolysis char (WPC) holds significant potential to transition from an industrial residue into a high-value
constituent for the construction industry. However, the practical application of WPC is currently hindered by a lack of
fundamental data regarding its influence on the initial stage of cementitious mixtures. Therefore, the primary objective of this
research is to characterize the fundamental impact of WPC on the fresh properties of mortar, focusing on its rheological
behavior, workability, and early-age hydration characteristics.

- Results -

The evaluation of fresh properties
demonstrated that WPC replacement
negatively impacted both workability and
setting behavior. As the replacement rate
increased, a simultaneous trend was
observed: flowability decreased, unit volume
mass decreased, and air content increased,
suggesting that WPC's low specific gravity
and irregular  morphology increased
frictional resistance and introduced voids

4. Stoege |
into the mortar. Setting time shortened due
to a combination of physical and chemical -
factors. The rapid uptake of mixing water by

the highly absorbent WPC reduced the | = 0=
effective water-to-cement ratio, while the Dt ool
presence of residual metal oxides and

chloride ions accelerated the hydration

process.
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Web page: https://concrete.cnu.ac.kr/
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Materials and Structures Laboratory, Collaborative Research Projects No.228

International CRP 2025 — Category B
Full-scale viscoelastic damper: Experiment, Modeling & Practical Applications

Project Coordinator Name : Dave Montellano Osabel (Chonnam Nat’l. Univ.)
MSL Faculties: Yinli Chen

- Aims of Research -

The project aims to further understand the behavior of full-scale viscoelastic (VE) dampers that will lead to
proper design and practical applications of such devices. It mainly focuses on the sensitivities of VE material
to temperature (ambient and from heat generated), loading frequency, and strain level. In part, it addresses
the lack of guidance on how to conduct reduced-scale testing of VE dampers under long-duration loading.

- Results -

Similarity rules considering the fundamental frequency- and f“ fd f“ E*ig:g:m;i;““dd

. "4 K"g K", ‘'em): dottes —_—
temperature-dependencies of VE dampers were recently formulated a7s” 7¢56 e e
[1]. These rules were devised for testing reduced-scale dampers that == 25% Reduced scale (3.68 Hz)

will behave similarly as a full-scale damper.

The robustness of the such rules was investigated in this current 1251251501 ..
study by considering a highly temperature-sensitive VE material type.
Results indicate that, regardless of VE material type, a reduced-scale
damper must be tested at a higher loading frequency and ambient S 00 4000 6000 evele
temperature than full-scale. It must also be subjected to an increased 0 2000 4000 5000 evele
number of loading cycles to achieve approximate similarity in terms 1000 20000 30000 time (s)
of stiffness degradation. 2500 5000 7500 time (s)

e L

g e,

T T T
2000 4000 6000 cycle

625 1250 1875 time (s)

This study was presented in the 19WCSI [2].

Note: K', = storage stiffness; K", = loss stiffness

[1] Osabel DM, Kasai K, Sato D. Earthquake Engineering and Structural Dynamics, 2025; 54:2690-2710, doi: 10.1002/eqe.4382.
[2] Osabel DM, Kasai K, Sato D. In Proceedings: 19t World Conference on Seismic Isolation, Energy Dissipation and Active Vibration Control of Structures (19WCSI);
University of California-Berkeley, USA; 15-19 September 2025
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Laboratory for Materials and Structures, Collaborative Research Projects No.204

International CRP 2025 — 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 proposes and numerically validates a novel super-long-period (>10s) isolation system equipped with
integrated buffer devices to safely manage extreme earthquake displacements. The goal is to elevate seismic
performance objectives from basic collapse prevention to guaranteed continued occupancy and functional
continuity across varying earthquake intensities.

- Results -

This project proposes a novel super-long-period (>10s) isolation system that bypasses predominant earthquake
demands to reduce seismic forces and response uncertainties. To manage excessive lateral drift, displacement-
triggered buffer devices are integrated, providing robust protection during extreme earthquakes without
compromising overall isolation efficiency. Assessments of a realistic prototype building confirm up to 40%
improvement in functional reliability across various seismic intensities.
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Web page: http://www.qu-zhe.net/

ER#£REMEB (P54)
Materials and Structures Laboratory, Collaborative Research Projects No.45

International CRP 2025 — Category B
Development of Efficient Electrocatalysts for Green Hydrogen from Water

Splitting Process

Project Coordinator Name: SANGARAJU SHANMUGAM (DGIST)
MSL Faculties: Chun-Yi Chen

- Aims of Research -

The aim of the research is to develop non-precious catalysts for oxygen evolution reaction. We demonstrate that the
controlled chromium incorporation into the Spinel nickel cobalt sulfide framework enables effective modulation of the local
coordination environment, leading to robust electrode architectures suitable for alkaline and anion exchange membrane
water electrolysis.

- Results -

The Cr-doped NiCo,S, nanoflower arrays were directly grown on nickel foam
(NF) via a one-step hydrothermal process, as schematically illustrated in Fig. 1
(top panel). During hydrothermal treatment, the simultaneous dissociation of
metal precursors (Ni?*, Co?*, and Cr**) and gradual sulfur release from thiourea
enabled the in-situ nucleation and growth of thio-spinel phases on the
conductive NF scaffold.

When increasing the Cr content to 0.4% and 0.5%, results in pronounced
morphological evolution. The nanoflower structure gradually transforms into
densely stacked plate- or rod-like domains accompanied by partial loss of
hierarchical porosity. These results indicate the presence of an optimal Cr
doping level that balances nucleation and growth dynamics. Overall, the
combined electrochemical metrics demonstrate that Cr(0.3%)-NiCo,S,/NF
achieves the most balanced interplay among conductivity, surface area, and
reaction kinetics, establishing it as the optimal composition for high-rate alkaline
OER catalysis. This composition-dependent activity trend highlights the critical
importance of precise dopant control in tuning spinel-type electrocatalysts for
practical water-splitting applications (Fig.2).
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Materials and Structures Laboratory, Collaborative Research Projects No.46

International CRP 2025 — Category B

Design and Fabrication of Inorganic Nanofibrous Materials for Durable Daytime
Radiative Cooling

Project Coordinator Name: DEHUI WAN (National Tsing Hua University)

MSL Faculties: Chun-Yi Chen

- Aims of Research -

The overarching aim of this research project is to design and fabricate innovative inorganic nanofibrous materials tailored for daytime radiative
cooling (DRC) applications. As global industrialization accelerates, the detrimental effects of climate change and the increasing demand for energy-
intensive cooling technologies underscore the urgency of developing sustainable, energy-efficient alternatives. This project seeks to address these
challenges by leveraging the unique optical and thermal properties of inorganic nanofibers to enable efficient heat dissipation without additional
energy consumption.

- Results -

In this study, a superhydrophobic ZrO,-Al,O; binary nanofiber (sh-ZANF) membrane Digital image

is designed as a durable PDRC material for sustainable real-world applications.

Compared to its SiO, and Al,O, counterparts, the ZrO,-Al,O, nanofibers (ZANFs) IBR-ZANF Concrete bloci
exhibits superior solar reflectivity, owing to significantly enhanced scattering 18 - -
efficiency, as well as higher MIR emissivity—especially in ATW regions—by Ul o o
mitigating the Reststrahlen effect. Experimentally, the optimal sh-ZANF membrane — fkkbtt] e ‘
demonstrated excellent flexibility, ultralight weight and exceptional optical properties ~# Redtile White tile,”
(Reolar = 97.7% and g,ry = 95.6%), leading to a maximum cooling power (P yqjing) Of e
125 W/m? and a sub-ambient temperature drop of 6.6 °C under Iy, of 817 W/m2.
Notably, the sh-ZANFs achieved substantial temperature reductions of 14.7°C and
16.8°C for building and automobile models under direct sunlight, respectively, while
also extending the battery life of a handheld camera by 31% through a cooling effect
of 11.1°C. Moreover, the sh-ZANFs demonstrated outstanding fire resistance,
effectively withstanding thermal shocks exceeding 1400°C and providing significant
protection to covered architectural structures during fire emergencies. Finally, anti-
corrosion, anti-soiled, anti-UV tests, along with accelerated environmental aging
assessments, were conducted to evaluate the long-term durability of sh-ZANFs in
diverse and challenging open-air conditions.
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Materials and Structures Laboratory, Collaborative Research Projects No. 210

International CRP 2025 — Category B
Development of self-centering structural walls with distributed shape memory alloy

U-shaped dampers
Project Coordinator Name: Bin Wang (Sichuan University)
MSL Faculties: Susumu Kono

- Aims of Research -

The project aims to develop a novel seismic resilient wall (SRW) system incorporating distributed shape memory
alloy U-shaped dampers (SMA-UDs). The proposed system is expected to exhibit stable flag-shaped hysteretic
behavior, together with excellent self-centering capability and energy dissipation capacity. This innovation has the
potential to provide a promising solution for enhancing the seismic resilience and performance of shear walls.

- Results -

The proposed SRW system incorporates SMA-UDs and .
replaceable steel-UDs within the walls. The relative n P
vertical deformation between the wall and the end
columns causes SMA-UDs and steel-UDs to experience Steel-UDs
significant flexural inelastic deformation, resulting in stable
and satisfactory flag-shaped hysteresis loops. In this ; PR ST
system, the self-centering capability is provided by SMA- § Displacement (mm)
' 3 2

SMA-UDs

n
S

Force (kN)

UDs and axial compressive forces, while the cost-effective L% 2
steel-UDs ensure sufficient energy dissipation. Unlike | ‘mﬁ
conventional concrete walls, inelastic deformation in the _ € W
SRW system is concentrated in the SMA-UDs and steel- Ein.connection
UDs. The performance of the SRW system can be easily -
tailored by adjusting the proportion of SMA-UDs and : [L

Foundation 0 o 0 20

00
steel-UDs as well as the geometric dimensions of the wall. : Displacement (mm)
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Laboratory for Materials and Structures, Collaborative Research Projects No.212

International CRP 2025 — 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 evaluates and compares the seismic performance of mid- to high-rise CLT
balloon-type shear wall archetypes, focusing on the differences between high-capacity hold-downs that
use dowels and hold-downs that use mixed angle self-tapping screws (STS).

- Results -

Figure 1 shows the detailed finite element model developed for the mid- to high-rise CLT balloon-type
shear wall archetypes. Figure 2 shows the sample IDA result of an 8-story prototype building in Vancouver.
Figure 3 shows the results of the ACMR for the prototype buildings. The findings
indicate that archetypes having hold-downs with dowels generally exhibited slightly
higher ACMR values compared to those having hold-downs with mixed angle STS.
Overall all archetypes, except two 6-storey designs using STS hold-downs, satisfied
the FEMA-P695 requirements, hence they can be used as reliable seismic system.
ol et s . — . . N

0 .
0 05 1 15 2 25 3 35 4 45 5
Max roof drift [%]

D

Fig 1: Detailed FEA model Fig 3: Reéults of ACMR

Fig 2: Results of IDA analysis

EfR£R#HZEB (P66)

Materials and Structures Laboratory, Collaborative Research Projects No.213

International CRP 2025 — Category B
ML-based Prediction of Nonlinear Behavior of Ductile RC Structural Walls

Project Coordinator Name: Assoc. Prof. Zeynep Tuna Deger (Istanbul Technical University)

MSL Faculties: Prof. Susumu Kono

- Aims of Research -

This research aims to develop a machine learning—based framework for accurately predicting the failure mode and shear
strength of non-ductile reinforced concrete shear walls. It seeks to quantify the effects of key design parameters and their
interactions on seismic behavior. This study also aims to improve the reliability of existing assessment methods beyond
conventional code-based approaches and to provide a practical, efficient tool for seismic performance evaluation of existing

wall systems.
- Results -

Boosting-based models consistently outperformed
both traditional ML methods and code-based
equations (TBEC, ACI, EC8), providing
significantly more accurate and robust predictions.
The proposed CatBoost-based framework
achieved high accuracy in both failure mode
prediction (~85%) and shear strength estimation
(R?=0.97), demonstrating strong reliability across
different wall types.

An interactive and practical computational tool is
developed to enable rapid and reliable
assessment of existing wall systems for
engineering applications.

Wall Lansgth - b fmem:
Wall Web Thicksess - tw |mem)
Wall Height . huw [mf:
y Rogh ciional Arsa - Agh jmm):
G Crosssectional Area . Ag [mm)
Concrete Compassaive Strength - f [MPa)
Aoial Load - P Mewton]
Shear Span. MY fmm)
Boundary Longitudinal Hebar Ratic - pbt-
Boundary Loagitudinal Rebar Yield Strength . fybi (MPa).
Boundary Transverse Rebar Ratic . pab:
Boundary Tranveetse Rebar Vield Strengeh - iyt (Ma)-
Web Lomgitudinal Rebar Ratio pl-
Wb Loagitudinal Rebar Yield Strength . fyl (MPa)
Web Transverse Rebar Ratis - pt
Web Tranwverse Rebar Yiedd Sirengsh . fyt (MPa):

Predict Failure Mode

Boundary chemen

Predict Shear Force Capacity

Failure Mode: Shear
Shear Strength: 1854.82 kN
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(a) XRD profile of the titanite film on a (111)Pt/(100)Si
substrate (*denotes substrate peaks).

(b) Raman spectra of the thin film titanite species.
(c) FE-SEM cross-sectional and surface image of the
— 3K titanite thin film.
(d) AFM surface topography of the titanite thin film.
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