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Message from Director

Good Scholarship and the Spiral Upward

One of my aspirations is that the researchers of this institute will

pioneer work that inspires many over a long period of time and continues to be cited.

Good scholarship is, in time, properly evaluated.

Such evaluation becomes visible through various quantitative indicators—citation counts, h-index values, competitive research funding, and
the like. It is then returned in the form of research funds, enabling new challenges.

Another of my aims is to substantially reduce administrative burdens.

Creating an environment in which all members of this institute can focus, with sufficient margin, on their primary missions is an institu-
tional responsibility.

‘What Must Be Avoided
At the same time, there are things that must be avoided within this institute.
They are:
- exhausting people,
+ wasting time, and
. placing excessive emphasis on money.
In recent years, I sense a growing tendency to determine the value and direction of research—and even educational policy—according to the
amount of funding secured.
As a personal way of life, such a choice is free. However, I am concerned when one attempts to compel others to agree with that stance, or to
present it as though it were justice itself.

In every era and in every place, there are such sad people. That fact in itself is not surprising,

Who Casts the First Stone?

Allow me to introduce a story recorded in the Christian Bible for such people.

(For the record, when I die, I shall be buried according to the rites of the Honganji branch of Jodo Shinshu.)

On one occasion, scholars of the Law brought before a certain teacher a woman caught in the very act of adultery. They said in unison:
“This woman has committed a sin that, according to the Law, deserves to be punished by stoning. What do you say?”

Their intention was clear.

If the teacher defended her, he could be accused of violating the Law. If he remained silent, he could be condemned as merciless.

At that moment, the teacher said:

“Let the one among you who is without sin be the first to throw a stone at her.”

I have no intention whatsoever of imitating that teacher.

Yet when confronted with researchers who boast excessively about funding—

who attempt to impose their chosen way of life upon others,

or who hold it up as though it were justice—

I find myself inclined to pose the following question:

“Can you sustain, solely through the indirect costs of the research funding you have obtained, your own salary, the salaries of your junior fac-
ulty, social security expenses, and administrative costs?”

I know a few giants who have in fact accomplished this.

Interestingly, however, they never speak proudly of funding, positions, or status.

Perhaps this is because they understand the weight and difhiculty of money.

And it is precisely this understanding, I believe, that makes them true giants.

As Director

That said, as Director, I wholeheartedly welcome our researchers’ success in securing major projects.
I pledge my fullest support to those who boldly challenge prestigious large-scale programs.

To establish an environment in which good scholarship is properly evaluated—

that is my responsibility.

Prof. Michikazu Hara

Director, Materials and Structures Laboratory
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March, 1934 “Laboratory for Building Materials” was established as an affiliated
laboratory of Tokyo Institute of Technology.

Bu18#1s ZFEOMBEMRERLLT "SEMEMR, WE

January, 1943 "Laboratory of Ceramics” was established as an affiliated
laboratory of Tokyo Institute of Technology.

B33 4 BEMNAERLEEREHREHEL.
April, 1958 TTEMBHARAR, ME
"Research Laboratory of Building Materials” and "Research

Laboratory of Ceramic Industry” were integrated into
"Research Laboratory of Engineering Materials" (RLEM).

T8 4&DE TIEMPMER, 2XEL "THALSIvIRHARR WE .
May, 1996 XA LEXRAFARMERLES

RLEM was reorganized to “Materials and Structures Laboratory”
(MSL) as a nation-wide collaborative research laboratory.

i 18€4s TMEEF27IFVPLHAR L Y—, BE (BER105E)

April, 2006 “Center for Materials Design,” affiliated with MSL, was reorganized into
the Secure Materials Center (SMC) affiliated to MSL (10 year-limit)

222548 BRIV IZRERF/IBHZEEIRFZLERTA -
Apri, 2010  HEAMARHSR TEiEEEMEERARLR, ICRE

MSL was designated as the Joint Usage / Research Center for
Advanced Inorganic Materials, Ministry of Education Culture
Sports Science and Technology (MEXT).

28548 "RERWARMER 70T PHEIRER,) ICKHE

April, 2016 MSL was reorganized as Laboratory for Materials and Structures,
Institute of Innovative Research, Tokyo Institute of Technology.

+mbx108 T'ERIZXP, ¢ "EREMERKAZ, IHSL.
October2024  TEMABIFAZE, HEIR
BZRMEIRMTER 70> T+ 7 HEARFRIE
TEEMRR 70T+ 7H AR, ICHHE
Tokyo Institute of Technology and Tokyo Medical and Dental University merged to
form Institute of Science Tokyo.
Laboratory for Materials and Structures at Institute of Innovative Research, Tokyo

Institute of Technology, has been reorganized into "Materials and Structures
Laboratory (MSL) at Institute of Integrated Research, Institute of Science Tokyo."
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Advisory Committee

Division of Unexplored Materials Exploitation

Division of Materials Design

Division of Materials Integration
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Division of Structural Engineering
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Faculty Council
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Safety-Management Support Staffs
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Office for Collaborative Research Projects
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R = Michikazu HARA

Faculty Members

045-924-5301

KM EIFHEEE Division of Unexplored Materials Exploitation
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R OIEH Masaki AZUMA

T FH Hidenori HIRAMATSU
B Eia Chun-Yi CHEN

TH (BAHE Shintaro YASUI

B FF Saeko YANAKA

BW E Kei SHIGEMATSU
R EX Kota HANZAWA

MEEEERRET R  Division of Materials Design
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Kz SR Fumiyasu OBA
Rl B Takayoshi KATASE
e fX Toshio KAMIYA
)l =3B Takao SASAGAWA
'R EA Hiroto ARIMA

HF BN Keisuke IDE

=iE = Akira TAKAHASHI

MEREEIASRE Division of Materials Integration

B R
B R
B R
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HEHIR
HEHIR
HEHIR
HEEIR
HEER
B
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e At Tomonari INAMURA
#H EIT Keigo KAMATA
BiR IEA Masato SONE

R = Michikazu HARA
HHE S Hideki HOSODA
BEE & Yutaka MAJIMA
FE H—BR Seiichiro IZAWA
Al Bx Satoshi ISHIKAWA
XH Azusa 00l

HE Ef Masaki TAHARA
Tso-Fu Mark CHANG

HE @7 Takeshi AIHARA
AR BN Ryunosuke KANI

045-924-5315
045-924-5855
045-924-5238
03-5734-3060
045-924-5337
045-924-5380
045-924-5134

045-924-5511
045-924-5314
045-924-5357
045-924-5366
045-924-5325
045-924-5373
045-924-5343

045-924-5058
045-924-5338
045-924-5043
045-924-5311
045-924-5057
045-924-5309
045-924-5341
045-924-5381
045-924-5218
045-924-5475
045-924-5044
045-924-5344
045-924-5376

mhara@msl.titech.ac.jp

mazuma@mesl.titech.ac.jp
hiramatsu.h.aa@m.titech.ac.jp
chen.c.ac@m.titech.ac.jp
yasui.s.aa@m.titech.ac.jp
yanaka.s.ab@m.titech.ac.jp
kshigematsu@msl.titech.ac.jp

hanzawa.k.aa@m.titech.ac.jp

oba.f@msl.iirisct.ac.jp
katase.t.aa@m.titech.ac.jp
kamiya.t.aa@m.titech.ac.jp
sasagawa@msl.titech.ac.jp
arima.h.0665@m.isct.ac.jp
ide.k.ab@m.titech.ac.jp
takahashi.a.f9db@m.isct.ac.jp

inamura.t.aa@m.titech.ac.jp
kamata.k.ac@m.titech.ac.jp
sone.m.aa@m.titech.ac.jp
mhara@msl.titech.ac.jp
hosoda.h.aa@m.titech.ac.jp
majima@msl.titech.ac.jp
izawa.s.ac@m.titech.ac.jp
ishikawa.s.am@m.titech.ac.jp
ohi.a.aa@m.titech.ac.jp
tahara.m.aa@m.titech.ac.jp
chang.m.aa@m.titech.ac.jp
aihara.t.ab@m.titech.ac.jp

kani.raa@m.titech.ac.jp
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Directory of Laboratory

Tomoyuki KURIOKA
Naoki NOHIRA

Aya HARASHIMA

Gen HIKOSAKA
Ryutaro MATSUMURA
Satoshi OKAMOTO
Yung Jung HSU
Yasuhiko WATANABE
Masashi HATTORI
Yuan JING

BEMRERETTRE  Division of Structural Engineering
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Tadashi ISHIHARA
Shoichi KISHIKI
Susumu KONO
Kenji NOGAMI
Keisuke HIMOTO
Wataru KANDA
Daiki SATO
Akihiko TERADA
Takaharu NAKANO
Yoshihiro YAMAZAKI
Yinli CHEN

Shohei NARITA

Sujan PRADHAN
¥{EBIE  Trevor Zhiqging YEOW

EEHE Specially Appointed Faculty Members
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Naoyuki KATAYAMA HIEHR FEF BR
Yuji KOETAKA HiEHR WE M
Akira SAITO BEAERR K EX
Keiichi SATSUKAWA  ®iE#ss FBE BE
Masanori TANI BEEZE Hena DAS
Hiroki TANIGUCHI BHEHEM KEE 2

Toshiharu TERANISHI

045-924-5631
045-924-5061
045-924-5200
045-924-5631
045-924-5597
045-924-5340
045-924-5631
045-924-5340
045-924-5312
045-924-5312

045-924-5484
045-924-5332
045-924-5384
0279-88-7715
045-924-5892
0279-88-7715
045-924-5306
0279-88-7715
045-924-5957
045-924-5298
045-924-5306
045-924-5351
0279-88-7715
045-924-5298
045-924-5329

tkurioka@first.iirisct.ac.jp
nohira.n.aa@m.titech.ac.jp
harashima.a.7d36@m.isct.ac.jp
ghikosaka@first.iirisct.ac.jp
matsumura.r.aa@m.titech.ac.jp
okamoto.s.aj@m.titech.ac.jp
yhsu@ames.pi.titech.ac.jp
watanabe.y.8332@m.isct.ac.jp
hattori.m.aj@m.titech.ac.jp

jing.y.ab@m.titech.ac.jp

ishihara.t.ai@m.titech.ac.jp
kishiki.s.02d9@m.isct.ac.jp
s.kono@first.iir.isct.ac.jp
knogami@ksvo.titech.ac.jp
himoto.k.49de@m.isct.ac.jp
kanda@ksvo.titech.ac.jp
sato.d.aa@m.titech.ac.jp
terada.a.77b1@m.isct.ac.jp
nakano.t.0672@m.isct.ac.jp
yamazaki.y.517e@m.isct.ac.jp
chen.y.at@m.titech.ac.jp
sometrey.m.657b@m.isct.ac.jp
narita.s.ah@m.titech.ac.jp
pradhan.s.aa@m.titech.ac.jp

yeow.z.35dc@m.isct.ac.jp

Masahiro HIRAMOTO
Kazuhiro MATSUDA
Hirofumi AKAMATSU
Takashi TERANISHI

Gaku OKUMA
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Creation of i novative materials through interdisciplinary collaboration

Material design
/Computational material
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Laboratory for Materials and Structures (MSL) aims to
create innovative materials with conspicuous properties and
functions via interdisciplinary materials science and inorganic
materials, metals, and organic materials.

The ultimate goals of MSL include the following: a)
development of innovative materials based on novel concepts,
b) design of innovative materials in pursuit of original
guiding principles based on underlying theories in materials
science and different scientific fields, and ¢) contributions
to the solution of social problems, including safety and
environmental problems, through the application of innovative

structures and materials.
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Exploration of frontier research
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Specific environmental tolerance
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Energy
Resource production/Catalyst ..
FNAZA-ILYFAZH R
Device/Electronics
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MSL is developing interdisciplinary researches based on
four divisions: Division of Unexplored Materials Exploitation,
Division of Materials Design, Division of Materials

Integration, and Division of Structural Engineering.

Division of Unexplored
Materials Exploitation

Division of Materials g SR A Division of Materials
Design Integration

Laboratory for Materials
and Structures

SR RE SR BT PR

Division of Structural
Engineering



KHE DM DR IIL, L2 DKRFDH: % il
2 TS # 2 EOMRE P ELETHH L2 Y |
HEE 2175 [HREIFH - LFEFZE] O 27 45
KESCEMLTE X Lz, 70y 74 7HEHFERATD
HGTHBICH L I v 7 AT 13 19964F (- 2 [FH
[ R FH RS RHE 22T & 7 b L 20104 & i3 FL[EFIH -
EFEIFZCHL . Jevm AR e R L L TRER
HFEIFRZFERL. COFTORRBIEMKL TS $ L.
7n 7 4 7RSI 2 OLLRIFIH - HRIFFZeHLS,
Fevm MRS AR % 5] Sk & 55 3 vh A i
M0 T b RFEOH % 2 72 2E O BI# 43 B O 58
FH2Ia=7 4 LORFEME. 36 IEFLFEMZ
DT L L TOMRER R L. 2 OIS E O 4%
BEEELTIVD T,

[ e MM R R AP ZE R ) & L THEMET % JLIH
7Eid, s UTOHO S 72 — 2510 6
BEIOFFREFRIRS T T,

AAFRPIDHE CIBINDIRFHERIC PR I DT

BEHADRBMR BN AARDMER. RjiE. T-YFENBL
THETIT DM
KRAFRPIDBE CENHEICPIRT SPIIMNATRE
— R ERBAT N KIARIDMER. B’E. T—IFZRMBLT
HETHIOMR
AHFAODBENNRRERD, PISHNDIRFRE EH
BEHBPNATSR . WEDAFRZRBIC DT, AHRBEADIEES.

=i, T—YEENBUTHETIOMR

RPN ENE T DHERRRFHEEDITHDE
RHERREIC K DNREEIRATTRES

ARRPINENE T DHERRRAIEEDIZHDE
RENRREICEI T DI RIERTATTRER

BEDO—-DOY3v T

D—=Dy3wvT

BEEMER/BET
National Institute
M TRIEAE AN of Technology
Institute/Laboratory 3

ot
ex
Corporation\

5t

B
International

18¢ a5t109¢%

RF
University,

774

2025 EFRIREBANR (HE5H1094. BEWEREFARRIGEEZEE)
The number of CRP 2025

MSL has been designated as the Joint Usage / Research
Center for Advanced Inorganic Materials by the Japanese
Ministry of Education, Culture, Sports, Science and
Technology (MEXT) since 2010. The Collaborative Research
Projects (hereafter, “CRP”) of MSL include the five different
types of research and workshop.

- International CRP: Research projects conducted by

a team consisting of MSL faculties and researchers of
foreign organizations using facilities, equipment, data,
etc., available at MSL.

- General CRP : Research projects conducted by a team of

MSL faculties and researchers of other organizaitons.

- Topic-Specified CRP: Research projects on specified

topics coordinated by MSL faculties.

- International Workshop

- Workshop
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The number of CRP
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The number of CRP 2025 Researchers




A< B8 14 1 #h pR I

Division of Unexplored Materials Exploitation

REH PR MEE Tk, REEHEBOBEERHR ¥ /R The Division of Unexplored Materials Exploitation aims
THMBE OB L. 2 OB L 29 L EE to create a series of materials with unexplored functions/

phenomena and their novel guiding principles based on

FEEOMEL 2 HERE L. #RtE 2 H M2 2 & 9 L

underlying theories in materials science and different

REITH>TO0 T, scientific fields.
BB OREBE T V., 2L LA o Truly novel materials are created, such as electrical
AT, 4 F LS. WIBEA. R, K conductors, ion conductors, ferroelectric materials, magnetic

materials, fluorescent materials, and catalysts for elucidation

Sk, ML, BRSO E DAl s & O

of mechanisms.
Z DY - HREFEBIHERE O iR P Materials development through crystal structure control by
CTEEOEME R IE Y Uk R BN & B MR taking advantage of elemental properties
ST RF Y AL L TR — VA L EXp?oraltion of novel. functi01.1s crfzated by epitaxial thin-film
fabrication and atomic-scale junctions
PN ) 2 s
D Bl 3 N2 HTRIERRE D FRSK The realization of new functionalities occurs not by
chyInRPEOF o EERP T RTSE L T, using noble elements but by using ubiquitous elements—
L E R b T O B ER 2 [ i.e.,“ubiquitous element strategy.”
. Integration of experimental and theoretical methods for
* & A JUHRHKHE |

elucidation and emergence of the biomolecular functions.

BRI T LT e M AS DY ARG O Cutting-edge solar fuel generation technologies
TRBEMEI & P RERJEMTE

SRR S ) 2 ) A XV DRTRT S X
& VBRI 2 R L 7ot OB

IR laser

Nd:YAG MgO (001) sub.
laser “Ts=900°C
(=5 -'\

: “SmFeAsO film

_.SmFeAsO

.- pelycrystal
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Division of Materials Design

MRS RERRTEI Tk, THEEHED v 2 2FED 2 L The Division of Materials Design aims to predict, design,
FIERD 7 T a—F Tl . EEELPIEAEHE - 2HH - and develop materials with novel functions through non-

traditional approaches and elucidate mechanisms using high-

AR 2 BT 2 2 & THEOBIRAREE L Yo )

) level calculations, analyses, and syntheses.
MHBF L Fen6DXAFI2722M6RICL. HiT2 - Materials design based on a combination of materials theory,
LR b OB e B CEE - THI - BT AL calculations, and machine learning, which is known as
PEECTE R FoT 027, “Materials Informatics.”

- Design and development of novel functional materials based
on advanced experimental analyses such as synchrotron
PG - RN - HEWEY -7V T XL v 7 spectroscopic measurements.

=T 47 A—CESC T, MEHkEE L RGEH - Tl
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Properties

Promising
materials

B
o
T

W

o
T
=

]
o
T

~>

Resistivity (nQ cm )

Energy (eV)

—_
(=)
T

5 I T |
Temperature ( K)

OX|de {5 mm i

T |zl‘;| i ||HIIIL|III$% Pnlctldes

1"




Rl = 12 e i FH pR 5K

Division of Materials Integration

LA RREC I T, ZRLWE - B Ot
HEEZMAET 22 LT, IERMBIZ2ZE T 2% b
DECHLUMEREZHIEL L. iR EIT-o T 2.

The Division of Materials Integration aims to develop
novel materials with superior functions via interdisciplinary
approaches based on versatile inorganic, metal, and organic

materials.
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* Device development based on novel materials and

processes, including oxide electronics, nanoelectronics,

and liquid crystal devices

* Development of superior structural materials (shape

memory, superelasticity, heat resistance, corrosion
resistance, abrasion resistance) that are resistant to harsh
environments based on inorganic, metal, organic, and

polymer materials, and/or their combinations

* Development of novel energy materials based on solar

cells, rechargeable batteries, low-power semiconductors,

and electrodes with low overpotential

* Novel spintronic devices based on solid-state physics and

their applications to electronic, optical, and medicinal

systems

* Investigation on advanced mechanical motion systems with

crucial material functions and the establishment of ultimate

design systems

+ Innovative resource production is based on highly

functional catalyst materials




5% Ui S B A Rl LRI A 3240

IBIE % BE s 5T 7R 1BK

Division of Structural Engineering

G RERGH I T, 2 S0 EYOE. &,

it KPERE BRI U T MR D FEARE 2 & Sk 0 J122 0
WE, 36BN EOMERICES £ T, EREM@
Mo 6 @AM R IToTwE T, 202

L SN RM e £ ORI R R, R
HHE - Loy 27 255 L L, &M
KLOFFEMA L 2 07 v, HiIMEIOBS. 36
GHFER R O EH~ DI ICE 2 £ TIRA CHRY
ATV ZT, BEINLERZ., =7 vilBfkezHo
FREREELTHRIEL LD CERHED 2556, ARMHE
HMOKs BEATT., N6 ORI, BEfFEE
Y D it FE 72 W %2 Tt BE A AR AR D B FE . RGN AL o
gy A7 LORELR L, WLEVCATFTHEHAINTY
7.

EuRT—=

- RFEMEL O T2 ER 5 & OB R O R P

- ZRRTARL CRERK & LB IR ESH - JERRE ST D )
FRIEE O fiFI

CREBER B CEYNC BT BINEE - WA - i EERE B
T % ALBERIRTE

REREAKBEAKERICRIETEZELANSD
DIRBYKER

A reduced-scale model experiment investigating the
effect of wooden interior finishes on compartment
fire behavior

This division specializes in earthquake-, wind-, and fire-
resistant engineering for buildings and other structures. We
conduct extensive experimental and analytical studies across a
wide range of topics, including material properties, structural
member behavior, and overall structural performance. We
work with various materials—such as concrete, steel, timber,
and soil—and systems like seismic isolation and damping to
investigate fundamental material characteristics, develop new
structural materials, and bridge theory with practical design
applications. A distinctive strength of our division lies in
our ability to verify theoretical models through experimental
procedures. Our research outcomes contribute to seismic
evaluation and retrofitting of existing buildings, as well as the
development of innovative seismic strengthening techniques
and resilient structural systems and materials for new

constructions.

Key research topics include:

* Mechanical characteristics of steel, concrete, timber, soil,
and the other materials used to resist earthquakes, wind,
and fire

* Behavior of structural and nonstructural members as well as
devices including dampers and isolators

* Performance under strong or long-duration vibrations
caused by earthquakes and wind, and strength degradation

due to fire

RCEICE T2V VENERZTMET 272D
FTYYIVERAERE (DIC) OEMA (I -
RATIO-RL—Yay  BRAIZERZFOHFA
%)

Application of Digital Image Correlation (DIC)
- techniques to track crack propagation of RC
columns (Collaborative research with Kyoei
Steel and Haseko Co.)
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Prof. Masaki AZUMA Assist. Prof. Kei SHIGEMATSU
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Solid State Chemistry, Solid State Solid State Chemistry, Thin Film

Physics, Materials Science I Growth

o o
° Iﬁiﬁﬁﬁﬁﬂﬂﬁﬁg'ﬁ@{h’l@ﬁ*ﬂ https://www.ssc.msl.iirisct.ac.jp/ ‘

- SREETESREE A BT B B ARG B iz
- BB BRI S R R
© T = VIS H LB R R

ERSERACY S, WFEEN, BRI E oA ARG EREEE R L 2T MeRkH L vy FERIEEDN S ST
AR, Wy - —FESE - MRy IAVRISL EDZRLFREBME L T, RIRT &9 L2 bz 287 L v ieerE
WAt - HET =4 VLAY - ARIEEAA 7Y v MBI L ERRIL T & Lz, RESRENOLMIC & > THRAEN
TA2BObT » LEGEELEN 2 RS X B E TR e o TR L. BREOREA A=X L 2R LT, MHOKGE - &
BAZ@ER» LTV T,

b7

F/T70/0Y—-2XABADRERME RER X E ) AR EFEE
RELNMERSHERENE S/ 77/ n Y —THBL L2 BREN oA (WM L2y 7 ry— (GRFEN oMb 24,
Hil5 2k, EIHE IO LA 2BRE MY, B THRACOKEPESL & L1z,

o BRBEEHRBE LA TS ) EXABEME 2L TV 2T, BIGHEB WG A Y ~OICHZHEEL TV £,

FiRstilIc & 2 EA T OHEBER
MHMIIC & 2 EERT o BUFE XHRIEHIT - o0 e A+ B T T DAL ROG & AR & 2
S AL 100nm DA A4 RINTLF 5 2 & T, REHHOMEHERELFI L £ 7. L. BRI B OREHCBY £ .




Division of Unexplored Materials Exploitation

Environmentally compatible functional oxide materials

https://www.ssc.msl.iir.isct.ac.jp/

Magnetization reversal by electric field in multiferroic materials
Negative thermal expansion materials

Designing novel functional mixed-anion materials

Transition metal oxides exhibit various useful functions such as magnetism, ferroelectricity and superconductivity. We
realize new functional ceramics as shown in the figures below by means of state-of-art synthesis techniques like
high-pressure synthesis used for diamond synthesis, thin-film fabrication by laser ablating and topochemical reactions.
We detect the tiny structural change accompanied with the occurrence of functions by using synchrotron X-ray and neu-

tron beams. Such obtained information is applied to the design and the synthesis of further new materials.

Ferroelectric Magnetic
domain domain

polarizati
switching

Negative Thermal Expansion Materials Ferroelectric Ferromagnetism
*They enable to suppress thermal expansion phenomena which is a problem eThey exhibits combined nature of magnet and capacitor.
on precise positioning in nanotechnology. o We achieved magnetization reversal by only electric field, not by electric
eWe develop new materials exhibiting negative thermal expansion accompa- current where power lose is inevitable. We aim to develop a magnetic
nied with charge-transfer or ferroelectric transition. memory of ultra-low power consumption.

Phase Transitions under Pressure by Advanced

Measurements
Exploiting functions by microfabrication Synchrotron X-ray diffraction/spectroscopy and neutron diffraction are used
Unexplored material functions are brought out by processing to a size of sev- to elucidate chemical reactions and phase transitions under pressure, lead-
eral hundred nanometers. ing to the design of functional materials.
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BiR T Fa
Prof. Hidenori HIRAMATSU

ElF L2, MERR, BEREER

Solid-state Chemistry, Exploration
of new functional materials, Thin

: i film growth

° 5 U «S‘hf:%gb‘ éfiﬁiﬁ%ﬁgﬁ*ﬂ’éﬁu'ﬁ https://www.hiramatsu.msl.iirisct.ac.jp/ ‘

B# FREX
Assist. Prof. Kota HANZAWA
Bl {LE, S\

Solid-state Chemistry,Inorganic
Chemistry,Crystal Growth
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Division of Unexplored Materials Exploitation

Creation of novel functional materials from ubiquitous
elements and inorganic materials

https://www.hiramatsu.msl.iir.isct.ac.jp/

Creation of new materials based on original design concepts
Origin and enhancement of T in Fe-based superconductors
Materials design and exploration of functional semiconductors
Detection and determination of role of hydrogen in solids

Our research target is to create new materials Anmg\(%%\d P '
. . . . el Y 4 :
that drastically improve our society and/or trig- oy +x< -

ger a hot trend in worldwide research. [ gs oo r
Nto?bondmg 600 \
State

‘5
oE
&
e
rd
S (uVIK)
- &
=
T
~
=
[0

Intansity {a.u.)
S P S S A TN

: I, 1
o Hatad o % p-type / =
< 2 % 6 3 0 3 & 20 238z 2r
g‘%m‘rh La (%) P (%) Photon energy (eV)
Materials design of new light-emitting semiconductors
eChemical design based on original concepts

Bonding

o Validation from first-principles calculation & experiments

IR laser Hydrogen doping Step 2
i MgO (001)sub.  |Step 1 Annealing (500°C, 24 h)
Nd-YAG 5
laser s Tsub.= 900°C Cabiz pawder ~a NaCl (20wt%)
“'532”'“' SmFeAsO film Silica glass w,r;q“l + Zr0, (10wt%)
tube —
#1 1 -
SMEAAO . SmFeAsO film 'lﬂ - B )
Args MgO (001) sub. Vacuum sealed & .1 Graphite
FC o #3 FC of #3 jafi 1008
0 Sa @1
] Ca,N, + 2Zn,N
TC=48K CaZn2N2 Ehr NG BN
AT Novel nitride semiconductors for photovoltaic applications
9;0‘5‘ b eExploration using materials informatics

= 1.0;] F) #%n. eHigh-pressure synthesis (Collaboration with Oba Lab.)

T(K) |
0 20 _40 60
T(K)
H-doped Fe-based high-T; superconductor epitaxial films Transfer chamber Sputtering chamber Colimator & Gale valves

aspherical lens

eUnique H-doping method
eDetermination of H sites by STEM

5

Sample stage

STO(OQ) Féée channel (K
) Highly hydrogen sensitive TDS

Field-induced high-T7¢ superconductivity using EDLT structure eDevelopment of analysis instrument with the highest H-detectable sensitiv-

eExtremely high-density carrier-doping with ionic liquid ity (Patent submitted)

o/ times higher T'; than that of the bulk efxamination of role of H in solids
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HEHBR RER
Assoc. Prof. Chun-Yi Chen

MRERZE,. TRLF—BEXTBRME. F/ AT7O08E

Materials Electrochemistry, Functional Energy Conversion
Materials, Hetero-Nanostructures
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Nature Communications 15, 413 (2024)




Division of Unexplored Materials Exploitation

Design and Synthesis of Green Energy Materials with
Hierarchical Nanostructures
Laboratory for Materials and Structures

http://researchmap.jp/chunyichen

* Dual-Plasmonic photocatalysts for hydrogen production across visible to near infrared region
* Hydrothermal synthesis of hierarchical heterostructures for Li-ion batteries materials

* Structural and compositional control of nanotubes by anodization

Near infrared (NIR) energy from sunlight :

can benefit solar hydrogen (H,) ! Both Au and Cu.S,

production, but i exhibit localized

remains largely ~ € i surface plasmon

untapped. S xon, | FE€SONance that can

- — i harvest photons from
l i visible to NIR region.

less axplored

Remarkable H, production over Au@Cu,S, yolk@shell nanocrystals

llluminated with
Shell

provides visible NIR —
active sites. =N

Yolk
promotes

charge separation. ; g
Long-lived charge separation states

Au@Cu_S, yolk@shell nanocrystals facilitate H, production

500 nm
Peak quantum yield: 9.4 %

8% Unprecedented visible

and NIR photoactivity

2200 nm i =
Record-breaking quantum < : & No co-catalysts needed
yield: 7.3 % :

This broad-spectrum-responsive photocatalytic system can pave the way
for the development of cutting-edge solar fuel generation technologies

Nature Communications 15, 413 (2024)
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° ZHMMFKE Yasui Laboratory

HEHIE TH HEKE
Assoc. Prof. Shintaro YASUI

Inorganic materials, Physical prop-
erties of materials
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Division of Unexplored Materials Exploitation

Development of electronic and energy materials

http://shintaroyasui.com/

Development of novel ferroelectric/multiferroic materials
Development of novel energy materials
Modeling of interfacial science by thin film technology

The characteristics of functional materials such as electronic materials and energy materials are generally depended
on the crystal and electronic structure. We are developing novel materials that are widely used in our life, aiming for a

more abundant, comfortable and environmentally friendly life.

BaTiO;dots

Bare Planar BTO Dot BTO

Modeled structures of LiCoO, cathode system in Li-ion battery

Three cathodes were fabricated: a standard bare one (left), one coated with a layer of Ba-
TiO; (middle), and one coated with several BaTiO, nanodots (right). The one with the nano- At low C-rate

. . .Li+

Li pat

Bare

dots exhibited greatly enhanced performance.

Nowadays, modern advances in electrical devices and

vehicles have created the need for even better batteries

in terms of stability, rechargeability, and charging speeds.

While Liion batteries (LIBs) have proven to be very use- Dot BTO
At low C-rate

ful, it is not possible to charge them quickly enough with
high currents without running into problems such as sud-
den decreases in cyclability and output capacity owing to
their intrinsic high resistance and unwanted side reac-

tions. The formation of a solid electrolyte interface is

greatly suppressed near the triple interface(LiCoO,-Ba- ! concentration

TiO;-electrolyte), which would otherwise result in poor Effect of BaTiO; nanodots
chargeabi]ity and Cyclablhty This result realizes to very The BaTiO; nanodots concentrate electric current in a ring around them

and create paths through which Li ions can pass, even at really high
quick rechargeable and also very tough cycle battery. charge/ discharge rates.
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HEHER AP FTF
Assoc. Prof. Saeko YANAKA

EEFESFIE, BRESKRE
biomolecular engineering, nuclear magnetic resonance

-« — 0
LR FRIZZIZED CHRAERREA -
® *%ﬁEQJ% https://researchmap.jp/yanaka
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Division of Unexplored Materials Exploitation

Elucidation and creation of function based on biomolecular science
Labolatory for Materials and Sciences

) https://researchmap.jp/yanaka
Areas of research in our laboratory

Our bodies are composed of various biopolymers such as nucleic ac- grative approach for ing the function of biomolecules
. . . L. . ) ”‘r‘ Electron Microsco, Mass Spectrometry
ids, proteins, sugar chains and lipids. These biomolecules perform their R ‘
s | e RS SO (|
own specific functions and work cooperatively to maintain homeostasis n% W e (4] ] '
in our organisms. Deciphering the operating principles of the functions L S— Soludon Scatterin

hidden in biomolecules will advance our understanding of life and dis-

% -
[ Lﬁ]' IS

Molecular Dynamics Simuiation

ease. Not only that, but biomolecules and their functional modifications

. . . . High-speed AFM
can be utilised for pharmaceutical and industrial purposes. In our labo-

ratory, we combine experimental and theoretical methods to elucidate

the functions of biomolecules and create new functions.

- creation of next-generation antibodies through the exploration and modification of novel interaction
sites hidden in molecules.

Antibodies, which play a major role in infection defence in the immune system, activate the immune system through the action of
two functional regions: the region that recognises foreign substances and the region that activates the immune system. However, new
functional regions have been discovered one after another in recent years in our laboratory, and new molecular mechanisms from an-
tigen recognition to the activation of the immune system have been revealed. We conduct drug discovery research utilising the newly

discovered molecular mechanisms of functional activation.

New functional sites of antibody revealed by integrative approach

New
interaction
site

Self-assembly induced
by antigen recognition

Functional regulation
by local structure dynamics

Molecular network of
Antibody in the serum invironment

Fc feceptor

+ Developing technologies for biopharmaceutical design by integrating experimental and informatics
science.

Antibodies are typical biopharmaceuticals. Information science has become one of the indispensable tools in the design of antibod-
ies as biopharmaceuticals. If there is a large amount of high-quality experimental data on the properties of antibodies, the informatics
approach will be able to find rules for antibody design and design useful antibody drugs only in the computer. In our laboratory, we
are acquiring experimental data that contribute to such informatics approach and developing new approaches to biopharmaceutical

design.
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KIBHFEE Oba Laboratory

B =5 =

Assist. Prof. Akira TAKAHASHI
HEMRRZ, RTITLIXA T+
T4

Computational materials science,
Materials informatics

BiR KIS ER

Prof. Fumiyasu OBA
W stEERRE
| E4ETR

Computational materials science,

—
‘A\i/. Electron theory of solids ‘i}.

RERZELEITUTPLRA T
T4 7RI LI-F R R https://www.cms-mi.msl.iirisct.ac.jp/
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Division of Materials Design

Computational Materials Design

Design and exploration of electronic materials

https://www.cms-mi.msl.iir.isct.ac.jp/

Computational materials science and materials informatics

It is now feasible to predict a variety of structures
and functionalities of materials using computer sim-
ulations at the practical level of accuracy required
for detailed understanding and elaborate design of
materials, thanks to the recent development of rele-
vant theory and methodologies along with computer
performance. Our aim is to design and explore nov-
el inorganic materials, particularly semiconductors
and dielectrics, using approaches based on compu-

tational and data science.

Materials exploration by high-throughput

computational screening

ePrediction of material properties and stability using first-principles calcu-
lations and machine-learned prediction models

eldentification of promising materials in terms of target properties and sta-
bility by high-throughput computational screening

Development of computational methods for materials
exploration
eHigh-throughput first-principles calculations

eMachine learning of calculation data

Successful example of computational materials explo-

ration: Discovery of a novel nitride semiconductor

ePrediction of CaZn,N, with a band structure suited for red light emission

eExperimental verification of the predicted crystal structure and optical
properties (Hosono-Hiramatsu group)

Hinuma et al., Nat. Commun. 7, 11962 (2016).
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Katase Laboratory

R RBER
Prof.Takayoshi KATASE
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Solid state chemistry,
Material science

B#H EEEA
Assist.Prof. Hiroto ARIMA

MRRZ, BE - KAV, GRIZ

Material science, Thin Film and
Interface Properties, Heat Transfer
Engineering

https://www.katase.msl.iir.isct.ac.jp/
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X. He, T. Katase* et al., Adv. Sci. 11, 2307058 (2024).

T. Suzuki, T. Katase* et al., ACS Appl. Electron. Mater. (2025).
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Division of Materials Design

Advanced Materials Design for Energy and Electronics

https://www.katase.msl.iirisct.ac.jp/

With the vision of exploring new frontiers in materials, we pursue the development and device application
of innovative thermal, electronic, and optical materials for next-generation energy and electronics.

X. He, T. Katase* et al., Adv. Sci. 11, 2307058 (2024). T. Katase* et al., Science Adv. 7, eabf2725 (2021).
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HAMIEE  Kamiya Laboratory

B|® e fx

Prof. Toshio KAMIYA

EEMRRE, FEEYE.,
FEET NS R, FHEMRE

Inorganic Materials Science, Semiconductor Science,
Semiconductor Devices, Computer Simulation

B HF BEN

Assist. Prof. Keisuke IDE

HRBE, FEEYE, LEETNNIR
Material science, Semiconductor
physics, Semiconductor device

TELTPARLYZFI A LI iR R eEm ko

BRESLCHRBEET N1 ZDRIH

https://www.mdxes.iir.isct.ac.jp/members/kamiya
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Division of Materials Design

Exploration of novel functional materials and electronic devices

https://www.mdxes.iir.isct.ac.jp/members/kamiya

Novel functional devices based on new inorganic semiconductors

Computer-assisted materials science & materials design

Innovative materials & devices by nanoscale-controlled thin-film growth

We have been challenging to explore really new
functional materials to create novel optical, electronic,
energy devices.

A representative achievement is “IGZ0" , which is
already commercialized in high-resolution LCD and
very large OLED displays. As such, our propose is to
find next functional materials following IGZO, that will
make our world better and much fascinating.

Based on our original “material design” concepts,
we continue to challenge to dramatically enhance the
performances of solar cells, transistors, thermoelectric

devices, LEDs, lasers etc.

Transparent conductor using covalent bonds

Germanium oxide is known as a good electrical insulator with a wide bandgap over
6 V. We demonstrated to convert SrGeO to a good transparent conductor. Quantum
calculation explains its electronic structure and why it reduces the bandgap down to
2.7 eV by employing the cubic SrGeOj structure. Like this, we are making continu-
ous challenges to create new functional materials based on our original material de-

sign concept.

Amorphous oxide for various applications

Before 2004, it had been believed “good semiconductor” can be realized only in
crystalline materials such as Si, GaN, and ZnO. Notwithstanding that, we demon-
strated the high-performance thin-film-transistor (TFT) can be realized by amor-
phous oxide “IGZO" , In addition, we recently succeeded to demonstrate room-tem-
perature fabrication of inorganic light-emitting semiconductor films, which will be

used for optical devices and displays, replacing OLED in the future.

Device Material Device
VATAYY NAYAY
Tandem Pre-trained
inverse NN forward NN

:@z@:/:

lossy i

Loss function: wy lossy + wy lossy + o L2 |

/
&
&

l lossy

Al/Machine Learning-Driven Materials Science Research
We pursue Materials DX (MDX) research that integrates Al and machine learning

into materials science, aiming to accelerate and streamline materials development.
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H)IIfR5E=E Sasagawa Laboratory

HEHER I RB
Assoc. Prof. Takao SASAGAWA

ElFYELE, BERIE,

EmEFEE, F/¥Talb—>av

Solid State Physics / Chemistry,

Crystal Engineering, Quantum
‘ Observation, Nano-simulation

EFEMEL b OBEFREDER
—-HHFBEEXL, S FRASHILIEREE T https://www.sasagawa.msL.iir.isct.ac.jp/
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Division of Materials Design

Seeking for Electronic Super-functions in Solids
— from Topological Insulators to Exotic Superconductors —

https://www.sasagawa.msl.iir.isct.ac.jp/index_e.html

Computational Materials Explorations

Growth of High-quality Crystals

Physical Property Measurements under Extreme Conditions
Direct Observation of Electronic States

VRN, Gront-i-fi or Transfrmative Research Areas(Al
Science of 2.5 Dimensional Materials

Paradigm Shift of Materials Science Toward Future Social Innovation
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fEEME=E Inamura Laboratory

Bi® TRE Bt
Prof. Tomonari INAMURA
EREYE. BIE - BEErR

Physical Metallurgy, Structural and
Functional Materials

BhE MR REXKER
Assist. Prof. Ryutaro MATSUMURA
SRV, BiE - HEr

Physical Metallurgy, Structural and
Functional Materials

H*ﬂﬁﬂﬁd) %ﬁ’(ﬁ -"Tl:q%'l‘i E fﬁ“ﬁﬂ? % http://www.mrst.first.iir.titech.

ac.jp/inamura_tit/
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Division of Materials Integration

Research on the basic principles of microstructure and
discovering new approach for material design

http://www.mrst.first.iir.titech.ac.jp/inamura_tit/

Research interest
The main focus areas of our research group are (1) microstructure of diffusionless transformation, (2) kink deforma-

tion in layered material, (3) shape memory alloys, and (4) steels.
Research Topics

Analysis of variant-pairing tendencies (steel)
Microstructure analysis of martensite with characteristic morpholo-

Long-life shape memory alloys(SMAs)
Martensite microstructure analysis based on crystallographic theory

gles
Parent |§ Kinematic Compatibility (KC)

| The variant pairing tendency
depends on their characteristic
morphologies.

Additional £ Junction plane (IP)

rotation Q

@cooling

Martensite

Additional rotation Q

generator of additional strain energy or lattice defects at the JP

KC condition

Lenticular martensite in steel

® Theory
Self-accommodation structure QG-F=a®n Rotation angle 0 Variant pair morphologies
F,G: Defomaton gradient = indicator of incompatibility P: pholog
a Shape change directions of the domains obtained from the KC condition
HPV j w Nomal ecion o the JP

Variant pairs with small &
Formation frequency
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In-situ observation of
HPV cluster formation process
(ex: | cluster)

Observed type of formation process

Variant pairs with small ¢ are observed frequently in the actual microstructure
and fraction formed

@ — @ —

; '3 J Effect of lattice invariant deformation Double shear theory
2. >/ samEee ' — on degree of incompatibility & L; = I+g,(d;®p;)
Formation and growth ~ Formation of 21 plate from 10 Thin-plate, lenticular Uy, =RBL,)L;
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Second shear g,
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Kinematical theory of kink microstructure (Mg-Zn-Y alloys)
MOSUUC‘_UTE | Compression Wedge disclinations Kink band Ortho kink Ridge kink Disclination strength

Contribute to the excellent
mechanical properties. Negative Positive

]

— Disclinations are formed
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BEHEMFE Kamata Laboratory

Bi® HHEE
Prof. Keigo KAMATA

BIRibE, J|ESHLE, MELF

Catalytic chemistry,
inoganic synthetic chemistry,
physical chemistry

P\

Bh# MR 5
Assist. Prof. Takeshi AIHARA

fhig L
Catalytic chemistry

ﬁﬁﬁﬂ:ﬁ%gﬁ & LTC%ﬁ L L‘@Wﬂﬂﬁﬂ?@ﬁﬁ*ﬁ https://www.kamata.msl.iirisct.ac.jp/
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Division of Materials Integration

Development of new solid catalyst science based on
synthetic chemistry

https://www.kamata.msl.iir.isct.ac.jp/

+ Development of new nanostructure control methods
+ Creation of new oxidation catalysts using molecular oxygen
- High functionalization of multicomponent solid catalysts

Based on our original inorganic synthesis methods, Kamata group is challenging the science of new solid catalysts based
on crystalline metal oxides. In particular, we aim to develop catalyst technology to produce useful chemicals (monomers,
fuels, etc.) from various natural carbon resources such as natural gas and biomass with low energy and CO: emissions, in

sharp contrast to the current chemical processes which are mainly dependent on fossil resources such as petroleum. Our

ongoing projects are as follows.

Amino acid-aided method Crystallization of precursor
ABO, mesoporous MnO,

Nanostructure control methods

v
e ?

Nanopartlcle Nanorod Nanosheet |

PP Diverse catalytic application

Aerobic oxidation One-pot svntrgesiso Biomass conversion
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CHs
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&1R - Chang ff%€Z Sone-Chang Laboratory

BI® BRIEA HHIR  CHANG, Tso-Fu Mark B ERE 81T
Prof. Masato SONE Assoc. Prof. CHANG, Tso-Fu Mark Assist. Prof. Tomoyuki
MY FIFIAR, EHET BET0ER, $o5704R, /7 KURIOKA

FIARRE, HRIIT « L8

Micro / Nanodevice, Bio-Medical
Engineering Device Materials,
Material Processing / Treatment

ERLHE, BoFiE
Electrochemistry,

L . Polymer Chemistry
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Division of Materials Integration

B# BT BEHERE BEX K RERR RER FHEHR EERE

Assist. Prof. Sp.Appointed Prof. Satoshi OKAMOTO Sp. Appointed Prof. Sp.Appointed Prof.

Gen HIKOSAKA EAHTHE RNT. Yung-Jung Hsu Yasuhiko WATANABE

RIS - HETZ HBTE, kT2 SRR, BRI, RAL? - TnezTs
KRBE

Environmental
Engineering and
Process Engineering

Metallurgical Engineering

Polymer Science Mold Fabrication,
and Materials Engineering

Material Engineering,
Chemical Engineering

Photocatalyst, Photoelectro-
chemistryHydrogen production

Design & Evaluation of Materials for Medical Device

http://www.ames.pi.titech.ac.jp/

Noble Metallic Materials for Non-Invasive High-Sensitive Medical Device
Hybridized Fiber with Noble Metal & Ceramics for Wearable Sensor
Single Noble Metallic Atom Deposition for High-Sensitive Sensor

We have developed metallic materials with enhanced properties 1.6

. . . . . . . 110x10x20pm? AuC
including biocompatible, anti-corrosion, mechanical strength and ] ! -

toughness toward next medical devices and the evaluation methodolo-

gy. We now focus the development and characterization of (1) Au alloy

Engineering stress (G Pa)
R

Pure Au
electroplated for non-invasive high-sensitive inert sensor, (2) hybrid 0.4
materials of ceramics/metal/polymer for wearable devices and (3) sin-
gle Au atom deposited conducting polymer for high sensitive sensor. do 0!1 DI. 0'_3
Engineering strai

Micro-testing of Electroplated Au alloy for medical devices
eStrengthening of Au alloy by controlling nano structure

eMechanical testing of micro-specimens

| Feedback
Conirol Loop

Actual %
Position :

125

uonso,

R

The testing machine specially designed for micro specimens Pt/Silk hybrid fibers for wearable sensors
eMechanical strength measurement of micro-size specimens eHybridization of biocompatible metal & polymer
eTesting of tensile, compression & bending deformations and the fatigue. eHigh adhesion between metal & polymer and the functions
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R - BIITARZE Hara & Ishikawa Laboratory

EHR AllESE

B RFH

Prof. Michikazu HARA Assoc. Prof.

HERZ MIREE, REL o olochiSHiKAR
wlw MRBE, MR

Materials science, Catalysis, Sur-
- Materials science, Catalysis

face science
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“Electride catalyst”

Nature Communications,
11, 2001 (2020).
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BEBE HT
Sp.Appointed Assist. Prof. Yuan JING

:sashi‘TiTORl . mRIBE, Mgz, RAELS
mEMHER, MIRLF Materials science, catalysis, surface

Synthesize inorganic materials, \ science

\ Catalytic chemis ‘ - .
‘. A o

Creation of Advanced Inorganic Catalyst Materials
Construction of Envrionmnetal-Friendly Chemical Processes

BEERIR RSB ESE
Sp.Appointed Assoc.Prof.

https://www.hara-ishikawa.msl.irisct.ac.jp/English.html

- Efficient Utilization of Biomass Resources

+ Low-energy Ammonia Synthesis

Hara Lab is investigating catalysis and material science.
Our aims are creation of innovative catalyst materials to produce chemical resources and energy without environmental

burden. Our ongoing projects are as follows.

,—— Low-energy Ammonia Synthesis —————————

“Electride catalyst”

Nature Chem. 4, 934 (2012) : En:mue[f:l,v‘h-nnl i I

Nature Communications,
11, 2001 (2020).

J

/— Synthesis of True Catalytically Active Structure 4\

. Multi-component Mo-V oxide  Multi-component Keggin POM :
Catalytically — Acrolein Oxidation - Methacrolem 0xndat|on Catalytically
Active Structure A wde.  Active Structure

ACS Catal. 2021, 11, 10294-10307. J. Am. Chem. Soc. 2022, 144, 7693-7708.

Catalytically Multi-component W-V/TiO, Sulfated Zirconia Catalytically
Active Structure — NH; SCR — Isomerization of alkanes Active Structure

ﬁi* & AW L P
898 P iose %/, ?;
. SBHEH ""‘“’,‘/

B et LAHLEJJ

ACS Catal. 2021, 11, 14016-14025. ACS Catal. 2023, 13, 4517-4532. /
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#HH - AIRfAZRZE Hosoda & Tahara Laboratory

#iZ WEFE
Prof. Hideki HOSODA

EEVE. BE - Rl

AR HEEH
Assoc. Prof. Masaki TAHARA

ERYE. BEME, NX1F2TUTL

EREGLY - EHHEF ‘ o | Physical Metallurgy, Functional Materi-
Physical Metallurgy, Structural and Func- = als, Biomaterials

tional Materials, Medical Organism Engi- V
neering and Material Science of Organism ‘

an

MR R EM DS RERET -
F¥ - SEEEL

http://www.mater.pi.titech.ac.jp

BRI ARG - BRSSO B

- RHB RS SO PYE

- BB REREG &6 L 208 aHE
- BEEEE. IREX

- MR HIZETE, Lk

JG8F - F 7 =4 270 v XV TOMBEREHIL 28 - & - ZHEMBOARE X HIV L L, I iT- T & ¥, RAGMERI,
JRFFERA - A SRS R e ¥ OB 2 oL BRI - B 2 o A8, mlERE) L KE A& R A 2 IR
BEEA=— b ETY PR ERBRLTVET,

; BED | o | | H .'11‘4F'J4v=
SREAR, — ?’]Hﬂ'
| e
J

TEHR AT (SUSIIG: Fe-16C—12Ni-2Mo)
EAHHbROHE :

1. AMELYETELCE | BEGELH LS

2. Ni7LIL¥—1E | N —{L- BT

3. MLV EREE U & BRETHE (A, PL) |

(BR8N E R REM & Z oM EHEH BHRRREEaR/RKY2—aryRIy b

CNMEER A T —T v, AT UM E, MENTHRT 2HEDH.  eNiMnGaddt vy ) 2a—r L OEAME

Ti-Ni &% & 0 ERZ 2o m e IREEEA & 2 B o< 4 7 nuCTiZ & % 3WITHERST BOKTEHIE
o Ti-Nb-Al % Ti-Cr-Sn>R % EHERAF 2 v &2 Al L. ERCitz e BifEdEomiift (>100H2) # Hig L. MIBBEIPIRGZEA~— b2~

5 BENTIAIRECIE - EIER O BRI KT v b 2RRED
HEFAA(Ti-50Ni)
600 800
n o 2Fe 5Fe
6001
§400- A B G % i
= AUCUAEBRESE — 400}
E . - . -R i 1Fe
200 P B
D £ F 220080 1%
A% A o i P
0 T i ey G UIH

TiMoSnZr & 0Bt ¥ 8) & NERER AuCuAl EB#E M EE D XIRRRIE & BMHNEE

* TiMoSn 24 & OBEMIEREOWED 120, HAFTIICKE L TZri235H o 5 WAEMRE AT % FE D AuCuALZEEMIEA Sk XHBLEE & R

o WU HTI Y 2 ZAHIRORRLBIRD a & . BMERFEDm L o AuCuAIEASORMIIEE OUED 20, HAFMILH L L TFel%H
Hg AR
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Division of Materials Integration

B BHEER Bh¥ RE E

Assist. Prof. Naoki NOHIRA Assist. Prof. Aya HARASHIMA
SEMRLE,. BEME - BEEm Rl ZEYE. 8E - BEEMH. £EMRIE
E@MEE Physical metallurgy, Structural and
Metallic material properties, Struc- functional materials, Biomaterials
tural and Functional Materials, Bio-

materials

Alloy design, development and high functionality of new
functional shape variable materials

http://www.mater.pi.titech.ac.jp

* Development of biomedical shape memory / superelastic alloys
* Development of high temperature shape memory alloys

+ Ferromagnetic shape memory alloys and their composites

* Intermetallic compounds and phase diagram

+ Phase stability, phase transformation and microstructural control

Three major adult ailments
Cerebral Cardiac Cancer

stroke  disease Guidewire
& | Catheter
f / U . medication
N
: [

41, Magnetic field
clip

i . 1 — lesion —
Conventional material : Stelness steel (SUS316 : Fe-16Cr-12N

Guidelines for the development of biomedical materials

1. To be too hard than | * Tough & Supple

the human body \ | * Nifree
2. Ni-hypersensitivity V| * Gold (Au) * Platinum (Pt)
3. Poor X-ray radiograph

low invasiveness medical devices for vessel treatment  Ferromagnetic Shape Memory Alloys / Polymer compos-

and their material design ites
oWe have been developing new functional and biocompatible shape mem- eGiant magnetostrain of 4% was achieved in NiMnGa ferromagnetic shape
ory / superelastic alloys such as Ti-Nb-Al and Ti-Cr-Sn alloys for Endo- memory alloy particles distributed silicone matrix composite by applying
vascular devices to replace NiTi alloys. magnetic field.
Ti-50Ni samples 900
800
600
o 700
. A B €| Lo
S 400k ' - 5 500
= 400 AuCuAl samples o s
; = = B £ 300
= 200 -
® D E F & 200
1% 100
0 - LY  Sample thickness KT S
Strain
Superelastic Behavior and Internal Structure of X-ray Radiography and Mechanical Properties of AuCuAl
TiMoSnZr Alloy Biomedical Shape Memory Alloys
o Large superelastic strain around 5% appeared in TiMoSnZr-based alloy *Good X-ray imaging character was confirmed in AuCuAl, and Fe microalloy-
by controlling chemical composition and morphology of alpha (hep ing dramatically improved room temperature tensile ductility to suppresses
phase) precipitates through thermo-mechanical treatment. intergranular brittleness.
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ES - RAEMIRE Majima & lzawa Laboratory

HHR FEH—BR
Assoc. Prof. Seiichiro IZAWA
- MRMER. TN YR
| Materials chemistry,
Device physics

g EEE
Prof. Yutaka MAJIMA

F/HEER7TORR, EFRYASYYRY, REVFAZS R,
HRE—, NIFTFIN1R

Sub10nm Scale Fabrication Process, Quantum Dot Tran-
sistor, Spintronics, Gas Sensor, Nanoscale Induced L10
Ordered Ferro-magnetic Materials, Next Generation DNA
Sequencer

1BER T/ MRLER L KB FHEET N1 R

DEIRK https://majima-tokyotech.material.jp/

CBIBI VTS5 7 4 LBERED - X EHAG DLW T /&
c BRI ES TAGIEB N ANV T VYRS
*ELGPF 2 ERT7DNAY—F VY, FIAFTF—IVHT ALY
CEHMABEIL Y fu=2 2 (HEEEL. AR Eh)

B REC. AV I L T AT 7 FEAT - ook ey b—E L. H710nm A — v ORBALE
FF A ARBFELTO T, 754 A3GHe R T & T—SUEE TITO. BIROBMEE MR T2 2 L2 AEL TV 2T,

x1 x100 x100,000 &l

LUMO+1

i
[=)
T

/" 4
ﬂ.-”’ Nanoga’E Ch‘p Electrode Pad?

dl,/dV, (nS)
(4]

0
- 0
V, (V)
aA7EN  BEFRY VS 574(EBL) THELE HEMBEFFEREREEB LN RILES YIRS
Fryv7R6nmOBEET/ ¥+ v 7T EIR o FFHLED T A v F—HERL 4 L 7= 4LIE b v A v BIS
o Xy vy FEEPAMICHIELZASF 2 X+ v 7EMR (i 500T) e 43mmDEiZz It —1L Y N F U AV
e HEEILEEMRED > & (ELCGP) 24 b ¥+ v FE#HIH o LI A TAUEIIE b 5 v P A & B AR

o/ ¥y vy rEMREHOIEERS A L Y 2B

bkl
A

ELGP#/K7DNA>—r >4 HRARNEEDNLZE | FTHASEHEL

o ILEHm DEIEF 7 KT 2o ZZDNA ¥ — & v 4 o 2 TR H PR AR O Ll T2 2 % FORIE & 560
*EBL. ELGP# v Tu vz b &t/ K7 il oHZAMA (1.5V) TEMEEIzI

*DNA 2 Yl § % 2 LS m v /'Y — F vl fg o ARG ML 72 L AED BIFE L & 0 447 2 #rlat

eELGP+ / K7 TX—2 22— ZFEH
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Division of Materials Integration

Bh# AR BN
Assist.Prof. Ryunosuke KANI
BRLZE, MEHEE

Organic chemistry,
Materials chemistry

Single-Nanoscale Material Fabrication and Their Optoelectronic Nanodevices

https://majima-tokyotech.material.jp/

- Single-Nanoscale Device Fabrication by Electron-Beam Lithography (EBL) and Electroless Au-Plating
(ELGP)

* Single-Molecule Bridged Resonant Tunnel Transistor

+ ELGP Nanopore DNA Sequencer, Nano-Scale Gas Sensor

+ Organic Optoelectronic Device such as OLED, OPV

Majima & lzawa lab. develops single-nanoscale optoelectronic devices with mottos of originality, execution and realization.

15

x1 x100 x100,000

——

-
o

dl,/dV, (nS)
[$;]

0 ;
- 0
v, (V)
Ultrafine Pt nanogap electrodes by EBL Single-molecule bridged resonant tunnel
eRobust Pt nanogap electrodes up to 773 K transistor
0.7 nm gap separation by ELGP eResonant tunneling through molecular orbital
e Ultra-high-performance nanogap gas sensor eLong resonant tunnel distance of 4.3 nm

Single-molecule bridged resonant tunnel transistor

bhb

ELGP Nanopore DNA Sequensot Organic light emitting diode (OLED) op-
eELGP nanopore DNA sequencer with 2 nm pore erated by a 1.5V battery

¢ Au nanopore by EBL and ELGP eNovel emission mechanism using upconversion
eLong reads without cutting DNA oThe mechanism is related to organic photovoltaic
eBase calling by ELGP nanopore sequensor (OPV) and photon upconversion
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AKHMARZE Ooi Laboratory

EHEE KHE
Assoc. Prof. Azusa 00l

BRI, BRAE. MNEH SEIY
Electrochemistry, Corrosion science,
Fuel cell, Metallurgy

ERMEOBELEEBICEDC
=i AER R DR

- WA 2 T R ek e it P P AR A 4E oD i A Pk il
« F ) A — NV TOEIEMF O B

o BRBBRL D T3 RE FRERE

- BT COBUE T2 BT 2 kbR i bk hs
- SRS EL D KR E WA B X OVR AR

KAMFTET. SEMEORE - MR OB - s h
AEBEBEEPMOITMENRL LTV T, IR L TTH,
WRBIMEOMMA X — v — N2, EBME P2 24
A SFEOMR IO AT T,

BELFRED - WIS - BT EMERE - i 3 2
V=g VEATRERAL T, MROBRARET S0 5+
2 — N TORBBIGBIOE= %Y o 7B CH Y #
ATVET,

As deposition After 5,000 cycle

T/ Rr—LTOEEMHOBRL LT
o F A — b v v DRMZIEZEL % G ol 7
o [A]—HETEIER I & 0 AR & SR T RE

(A

http://www.ooi-mat.mac.titech.ac.jp/

Pt Pt"
Solution °"""" 9. ©

e o A P i A
I 1

| Pt — Pt + 2¢ :
1 Fe* > Fe¥+e |

________________________

FrrrL 70— LFEBEDRFE
o AR L 1B/ A A~ & in-situ TS b & TR
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Division of Materials Integration

Development of corrosion-resistant materials based on
the dissolution mechanism of metal

* Durability evaluation of electrocatalysts for PEFCs

 Dissolution mechanism of metal at nanoscale

* Soil corrosion mechanism of steel

http://www.ooi-mat.mac.titech.ac.jp/

+ Corrosion mechanism of steel under supercritical COz environment

- Hydrogen adsorption and absorption behavior of steel

Our research spans various metal materials, encompass-
ing various types, sizes, and application environments. Al-
though our targets are diverse, our key focus is on elucidat-
ing the dissolution mechanisms of metal materials to
solve the various societal challenges that arise from such

degradation.

To this end, we are refining techniques that enable us to
monitor the dissolution mechanism at the nanoscale within
the materials' actual service environments. Our approach
integrates electrochemical measurement, solution analysis,

electron microscopy, and numerical simulations.

As deposition After 5,000 cycle

Evaluation of dissolution and degradation of metallic materials at
the nanoscale

e Evaluation of surface morphological changes at the nanometer level

e Evaluation of the dissolution mechanism by identical-location observation

Pt Pt*
Solution ‘0 @ ¥©

Pt—Fe alloy electrode Detection electrode
Pt P +2e” | PP Pt 42e ]
| Fe — Fe® + 2e™ | 1 Fe*' — Fe*'+e |

ERPE I A SN SR | e i i el

Development of a Channel Flow Multi-Electrode Technique
® [n-situ detection of dissolved ions including their valence

@ The extremely low detection limit of quantitation (approx. 10 pg em™s™)

z/pum

Research on Soil Corrosion of Steel Materials
¢ Nondestructive monitoring of corrosion rate using electrochemical mea-
surement

¢ Evaluation of corrosion morphology using 3D profilometers
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° ARMARZE Ishihara Laboratory

BE AR E
Prof. Tadashi ISHIHARA

BEEE - MH. HRTE

Building Structures and Materials, Earthquake
Engineering

o
& ®

CIFNF—RIZH L THERAIER .
® EEY - Bm https://www.tishihar.net

3'31% ‘BHO)WE'@ HER N Structurs) - o 1000~ THA—1t "
IR B4 RENC & 5 WSO B G A B0 |5t m_,
OB RIAR, AT, % gLy i O —
3 “
Middle / 7
BN, WETHF2EAHRL LT, SRS BHORE 2

Lower

ME b BRETHME S CRIT 2. RE - BIERED 1ok L <
THUZIE S LAY 0 %8BT 20158 GEiEBEIREA A =R 4 ;
HEEEESDE. %) LEerEmLTOET, $7-. ME®RRK

7i(s)

RF (Roof), /= 5
Comparison of FRS by THA with FRS by
a proposed method

! 7
ot ,,M'M'ML

=
ﬂ?ﬂﬁi\ (i(& {/\7J(1Tﬁ 7;: k % =) @ Eaud ‘7""")“" I‘ (2 ;(T L Seismic force (acceleration) for deS|gn of nonstructural components
T%ﬁﬁ]’ﬁﬁ@&_%% . %Bfﬁ;&; E#ﬁ L f:ﬁﬂi?’c 'HX 4] .’fﬁﬁh TWw i —3‘0 Classified by the level of resonance

Layer T,/3< T, or 0.1(s)<T, < T,<0.1(s)
T, is unknown T3

Upper 22g Illg 05g
Middle 13¢g 0.66 g 05¢g
Lower 05g 05g 05¢g

JERERM DERET MRS

o RIEE 227 b vORRFEFHEOIRE (1)

o PRGNS S RIFDREEHHME S (TF)
- > —

FE LAY EE
(b) & #L
ERBOKBER
BE LD EEICL SMEROBSERME B Y XHOBAERR
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46




Division of Structural Engineering

Sustainable and resilient buildings /

o urban areas against multi-hazard

https://www.tishihar.net

- Seismic capacity and design load for nonstructural components
- Damage reduction effect due to uplift motions during earthquakes
+ Rain-on-snow load, flood load, etc. for buildings

Mainly for building structures and seismic engineering,

——THA st

we conduct researches on seismic resistance and design i%%ural JMQNW NSCS D | RE(Nodes
forces for nonstructural components of buildings, research- N=5 4 g

g
es on uplift motions during earthquakes as one of seismic vpper / A 7
isolation structures (mechanism of higher-mode vibration, M 5
damage reduction effect, etc.). In addition, we also study Lower 1O 01 1)
rain-on-snow load, tsunami and flood load, and so on. We . pems - gzt:;;;irslzzn H?ZEFE:S{O;? ll':—;-\?mth FRS by
work on research aiming at resilient and sustainable build- e -

mngs / cities agalnSt multi-hazard. Seismic force (acceleration) for design of nonstructural components

Classified by the level of resonance

T\/3<T,or 0.1()< T, < T,<0.1(s)
T, is unknown T,/3
Upper 22¢g 1.l1g 05g
Middle 13g 0.66 g 05g
Lower 05g 05g 05g

Design load for nonstructural components
® An method to evaluate floor response spectrum (Top)

® Design load for ceilings based on the method (Bottom)

Uplift behavior

(b) Without Uplift
Residual deformation after tests

Damage reduction effect due to uplift motions of buildings during
earthquakes

® Numerical analysis of uplift behavior of a building (Left)

Loading test of suspended ceiling

® Buckling of braces and hanging bolts (Top)

® Shaking table tests with elasto-plastic frame models (Right) ® Deformation of steel furring (Bottom)
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° EBRZE Kishiki Laboratory

o LGS
| Prof. Shoichi KISHIKI
| msms - N, BEIE

Earthquake Engineering

Building Structures and Materials,

ﬂ’. Lf&d)Lﬁ% L_ iﬁh% RA7 ?ﬁ%ﬁlﬂt

Bh# MEY Sometrey
Assist. Prof. Sometrey MEY
BEREE - Mo

Building Structures and Materials

- R R O MG O W 5 2 HIWg % RO b
- SR DA & T RE & 9 % JEHE M Dl B AL 7E
- SREEHAT . BIRDAN . R ARRD AN, IO R BEIHE O B e

- & P ORIEIZHD iR A HE R O R

HIERE B SRBLE L L T OBREN IS h TV 5
JBAEENS 2 rp D s, HEEBZ D L ) RIRRT
HITHERCHER TS 202 2T 2290
FoOMEYHIEL TV T,

2, AORETv—2 (ihrv) ORElb
AP LIENOKRE SZHIETS 2 HETYT., BHLE
RT LD BB 2 -bAaDKE S CilkEFERAO T
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RE - RS N —DEABIICEH 1T HRE

o HlIREED A & 2 LR # ~ Dl rh
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Division of Structural Engineering

Quick Inspection Method for the damaged steel structures
based on the visible damage

https://www.kishiki.mrrc.iir.titech.ac.jp/

Quick Inspection Method bhased on the visible damage
Damage reduction for LGS partition walls in earthquake
Seismic dampers and retrofit, seismic repair

Seismic design index based on human behavior

In order to judge the continuous use of gymnasium Social implementation of research results:
"Post-earthquake Damage Evaluations (2016, MLIT)

which is expected to be used for emergency filter in
Residual out-of-

time of a natural disaster, we research on establish- 1 plane deformation
ment of Quick Inspection Method for steel structures ; S Calculation
.. = Residual .o
based on the visible damage. ! deformation | \4 o
« 3 m
It is an example for damage index of tension-only Ao
) ) ) % Experienced

braces, which enables to judge the experienced defor- deformation in EQ
mation during earthquake. 0.01 ‘ 0.02

<« Safety range of continuous
use against many aftershock

th

Damage reconnaissance of Damage observation
the 2016 Kumamoto EQ in structural tests

Vibration A newseismicdesignindex
MMPB of body based on human behavior
oTo understand the human behavior under
the earthquake excitation
oTo translate the recent design target (ac-

VR

celeration, velocity, displacement) to the

human behavior

. . . . *To realize the continuous use from a view
Seismic design for damper connections W

point of the human behavior

e Deformation restriction caused by wall damper
eDeformation restriction by gusset plate of brace damper

e Analysis model and design considering above effects
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®
° FIBFARZE  Kono Laboratory

| Biz A& I Trevor Zhiging YEOW
‘ Prof. Susumu KONO Sp. Appointed Assist. Prof. Trevor Zhiging YEOW
w BEREE - Mrl WEIE. BEANLZREZSY T, TWBRIZ.

#Epar o) — MEE
Structural Health Monitoring, Earthquake
Engineering,Reinforced Concrete Structures

e o) — MMEE
Building Structures and Materials,
Earthquake Engineering, Reinforced
Concrete Structures

B 7 ) - FEEYOMELR 2 O

(20T https://www.kono.first.iirtitech.ac.jp/

< Bfha v 7 ) — MEEM O EERE
B fa Y ) — FEEMoRETERL
- W& SR BHIDIN R A

MIzbDWR T v =713, Bl - Zekary ) — P REEYOEFRLPEHEL TV 2T, ELFRMRIE. S22y —
F (RCHE), v xR barz)—1t (PCa¥E). v AL Aabar sz —1 (PCHE) ZEogiEar 2 ) —  REEYD
TT. BEMEORERR 207 vk, iR O, BE T 2 ERER D 0 EB~DICH £ TRIACIY ATV
34, HRHENT L EROME D L 7 I n—F T3 2 LUV —TDRTT.

FOL T, RCEHM OIGEEMG. 7 > K > K PCaPCHiH % v 72 REREE o 2 7 £ D3R, & 6 L RMERIZH T 2 M
& UMIEBEA S ORI 72 £ D58 T, EBRSL T 2l U ik 2D TV 2 T,

MOKBREAMBEZER T 272D DERER ERECANMEHEE TS RCEDERERERLIEEICETIEROMAR
Experiment on piles to study the ultimate shear capacity Experiment on the post-peak behavior of RC beams with high strength

reinforcement

RCEDHHRBRR L, EREZHET 27O DEMFRERRT o =
Experiment on reinforced concrete wall specimen and displacement HED 7 — MRERREDI YT — MTR
Casting of concrete for concrete-filled steel tube pile specimens

¥

gages to measure deformation
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Division of Structural Engineering

Resiliency and safety of reinforced concrete building structures

https://www.kono.first.iir.titech.ac.jp/

* Performance-based design of reinforced concrete building structures

* Development of advanced seismic reinforced concrete building structures

The ultimate goal of our research group is to contribute to society by
enhancing the resilience of reinforced concrete structures against var-
ious disturbances, such as earthquakes and typhoons. Our research
encompasses topics such as seismic assessment, seismic retrofitting,
performance-based design, and damage control systems using rein-
forced, precast, and prestressed concrete structures. Current research
areas include:

1. Damage assessment (through visual inspections and structural
health monitoring) of RC structures to improve performance-based
design.

2. Development of damage control systems using precast and pre-
stressed concrete technologies.

3. Investigation of foundation structures such as piles and pile caps.

4. Evaluation of the seismic response of irregular buildings. - ) o
Resilience of five story buildings tested at

Building Research Institute (Tsukuba)

eResiliency of reinforced concrete residential buildings

We welcome collaboration with those interested in concrete structures.

were studied

Shake-table test on the seismic ratcheting re-

Seismic performance of RC beams with  Seismic performance of pile and pile caps SPonse of buildings with overhangs
high strength reinforcement under large scale earthquake oA small-scale shake-table test of a structural model with an

eSeismic performance of reinforced concrete eLarge scale pile-pile cap-foundation beam-column overhang on the left-side was performed to investigate seis-
beams with 1300MPa class shear reinforcement assemblages were loaded to see their ultimate con- ™€ ratcheting response and to verify numerical models of ir-
was studied. dition under severe earthquakes. regular buildings.

*Bond performance of longitudinal reinforcement

was compared to code prediction.
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° B L#FFEE Nogami Laboratory

Big BE@Ea

Prof.Kenji NOGAMI

KILE - HER{EE - KERF

Volcanology « Geochemistry, Disaster science

¢ ®
° WIRLZERFEICE D RIEEDIRFE http://www.ksvo.titech.ac.jp/jpn/index.html .
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Division of Structural Engineering

Investigation of active volcano by geochemical method

http://www.ksvo.titech.ac.jp/jpn/index.html

* Research on the degassing of volatiles from magma
* Monitoring of insular and submarine volcanoes

Magma is a silicate melt containing volatile components such as
H20, CO2, S, Cl, F, etc. When the pressure decreases as the magma
rises, the volatile components that have reached saturation degas
from the magma and are released into the atmosphere as fumes and
fumaroles. Degassed volatile components are not only the driving
force behind eruptive phenomena, but also change the density and
viscosity of the magma, resulting in a variety of eruptive styles. Vol-
canic activity is a continuous release of material and energy, and in-
formation on volcanic activity is reflected in the temperature, chem-
ical composition and emitted amount of volcanic gases, so capturing
these changes during the eruption preparation and eruption process

plays an important role in understanding the eruption mechanism.

Volcanic gas observations at active volcanoes abroad.

eObservation of volcanic gases are performed at the summit of Mount Teide (3718 m) on
Tenerife in the Canary Islands, Spain, a hotspot volcanic island, in cooperation with
colleagues.

oThe Canary Islands are one of the world's leading tourist destinations, visited by 15
million tourists every year, so observation research and disaster prevention based on

this research is an extremely important mission.

CIjSO4 molar ratio
ol
3
2T -
A .
t ¥
1 '-' ] . .
a v
CEBS > 158 SRS DL U (< T3 P

Activity on Sakurajima estimated from
analysis of volcanic ash leachates

In the volcanic plume, HCl and SOz in the volcanic gases
form water-soluble salts on the surface of volcanic ash parti-
cles. The water-soluble C1/SO4 molar ratio is equal to the
HC1/SO2 molar ratio released during eruptions, and analysis
of the water-soluble components can be used to monitor vol-
canic activity. An increase in the Cl/SO4 molar ratio suggests

an ascent of magma.

Marine volcanic observation

eThe phenomenon in which the sea surface turns milky
white to yellowish brown in association with submarine
voleanic activity is called discoloured seawater. In ocean
areas far from land, it is difficult to observe earthquakes
and ground deformation, and it is difficult to detect signs of
submarine volcanic eruptions, but observation of disco-
loured seawater is a powerful method for deciphering sub-

marine volcanic activity.
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Division of Structural Engineering

Methodologies for designing the built environment
resilient to fires and other disasters

https://www.himoto.mrrc.iirisct.ac.jp

+ Physics-based fire spread simulation models for large outdoor fires

+ Performance evaluation methods for functional continuity of buildings damaged by fire
- Efficient fire load survey methods using image analysis techniques

+ Verification methods for fire protection management systems of historic buildings

Methodologies to design resilient built environment by
integrating new analytical technologies with our core

knowledge of fire safety engineering

A procedure for efficient fire load survey

In fire safety design of buildings, fire risk is assessed based on fire load of individual rooms

Exam ple of fire spread simulation at WUI (the weight of combustibles or total heat release per unit area) . Design fire loads are estab-
The fire that occurred in the forest of Ofunato City in March 2025 involved many buildings lished based on the results of past field surveys, but their actual conditions continue chang-
and caused unprecedented damage. Quantitative assessment of the risks posed by such large ing. To maintain and improve the reliability of the fire safety design framework, fire load da-
outdoor fires is essential for designing countermeasures. We are developing physics-based tabase needs to be updated regularly. We are developing efficient fire load survey methods by
models to predict fire spread at wildland-urban interface (WUI) . using image analysis techniques based on deep learning.
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Division of Structural Engineering

Understanding the structure and state inside the volcano
O

http://www.ksvo.titech.ac.jp/kanda/

* Revealing underground structures using the magnetotellurics
+ Understanding thermal states from geomagnetic observations
* Hydrothermal fluid flow simulations

The main research subject is the volcanic hydrothermal & | EReR i
ichi i - (ke BB WF SH

system, which is the place where phreatic eruptions occur. As | TP o

a research method, we mainly use the magnetotelluric method T OED?

T — 2km

B -

that can estimate the subsurface distribution of the resistivity.

In addition, we evaluate the thermal states inside the volcanic — Okm

N

edifice from the geomagnetic field observations and speculate (1LLHA) L,;a‘g;-? B (Tseng et al. 020)
) ) ) NI -«—.~—Jz—_(—¢, i

the physical process by conducting hydrothermal fluid flow NaCl >2wt% 4\.?

simulations based on the estimated subsurface structure. I

2014B38H — =

1400 w E EEilyapstiEi e
AL h53rEE5-35%
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1200 | | Fumaroles .
_— Magmatic hydrothermal system image of Kusat-
1000 su-Shirane Volcano
‘ eImaging of the magmatic-hydrothermal system using magnetotellu-
800 rics reveals the location of the magma reservoir for the first time.
—_
é ]
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Imaging the hydrothermal system of Owakudani, Hakone Observation of the total geomagnetic field at
Volcano Kusatsu-Shirane Volcano
eThe subsurface resistivity structure of Owakudani, where a small phreatic erup- eGeomagnetic field changes associated with the increased volcanic
tion occurred in 2015, was clarified by magnetotellurics activity in 2014 and 2018 were observed.
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Division of Structural Engineering

Construction of safe and secure buildings against
earthquake and wind
O

https://sites.google.com/site/daikisatotokyotech/

Seismic Resistant Design for Passive-control / base-isolation buildings

Safety Verification for High-rise buildings under Long-period Ground Motion
Wind Resistant Design for Passive-control / base-isolation high-rise buildings
Clarification of the actual behavior of buildings using observation record

As an earthquake-prone country, Japan also experienc-
es many typhoons every year. These natural disasters
cause huge economic losses in Japan. Although increasing
the height of a building reduces the damage from seismic
load, the wind load becomes very large. Therefore, both
the wind and seismic loads should be considered in de-
signing a high-rise building.

The objective of this laboratory is to develop a design
method that considers both seismic load and wind load for
buildings by applied advanced vibration technology such
as passive control and base isolation. Building perfor-

mance is considered through experiments. earthquake

observation, and simulations. Moreover, a method for esti-
Response analysis for high-rise base isolation building

mating performance of dampers, which used in passive  ynder wind load

control and base-isolation, is also being considered. eSystem identification using response from earthquake records

eResponses: simulation results vs. response observation records under wind

40.0°C

% i = ERES Fiic—0)] Dynamicactuator Y =
) 22.0°C
1] SEEE ST

[ 11 ki

Mid-section X

Experimental and analytical investigations of full-scale multi-layered viscoelastic damper under long-duration
excitations
eStudy on the behavior of viscoelastic dampers when subjected to wind loading and long-period ground motions

*Modeling of the temperature- and frequency-sensitivity of viscoelastic material
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Division of Structural Engineering

Advancement of volcano disaster prevention based on

studies of thermal activity on volcanoes
O

https://sites.google.com/view/terada/home

* Modeling of shallow hydrothermal system based on multi-parametric observations at Kusatsu-Shirane volcano
* Risk assessment of lateral eruptions using soil gas

+ Development of aerial multi-parametric observation methods using drones

We design and operate a dense volcano observation network of the Kusatsu-Shirane Volcano Observatory to model
shallow subsurface structures that cause phreatic eruptions. In addition, we develop methods for monitoring the hydro-
thermal system (see the schematic diagram below). We discuss how people who benefit from volcanoes but face threats

from volcanoes can deal with volcanoes, in other words, how to increase their resilience.

Main crater

Motoshirane South crater

~, Ainomine Shirane

Injected into shallow

underground water (?) Volcanic tremor f My

Clay cap

‘ 2
Borehole-type tiltmeter and Precxisting fid <= | T | v Kusatsu-Shirane volcano
seismometer station oy rock T -

Ainomie HF Hydrothermal
cluster convection zone
(hydrostatic pressure)

\M <— Pressurization ? —»

v # — T Brittle zone

Self-sealed BD transition zone

Breach at Persistent | Ductile zone
X ~10:00(JST) Felease of fluid Heat conduction zone
Fluid reservoir . (Lithostatic pressure)

Schematic diagram of the hydrothermal system associated
F _ with the 2018 eruption at Kusatsu-Shirane volcano
Temporary seismic and (Terada et al., 2021). https://doi.org/10.1186/s40623-021-01475-4

geodetic station
New Initiatives

+ Developing
observation techniques
+ Devising analytical
methods

Fumaroles

Application to actual
volcanoes including
Kusatsu-Shirane
volcano

An experiment of multi-parametric Soil gas sampling at a new vent formed
measurements using drones. during the 2018 eruption
Perform gas analysis, sample collection, and remote temperature measurement. Sample small amounts of volcanic gas to assess magmatic

Continue safe and reliable volcano observations even during eruptions. activity at depth and model a hydrothermal system of volcanoes.
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Division of Structural Engineering

Modeling of earthquake behavior of soil-structure

interaction systems

Multidisciplinary Resilience Research Center

+ Nonlinear soil-structure interaction (SSI)
« Numerical models for pile foundation
- Response reduction system using magnets

We are focusing on the dynamic behavior of foundations
during earthquakes, which support buildings and act as
paths for earthquake motion. We are conducting both exper-
iments and numerical analyses on ground with an sloping
bedrock, improved ground, and lunar regolith ground, etc.
We are also working on the development of a response re-

duction device that uses magnets.

Load—>!

Surface i
V.

:

Improved

Un-
improved

????ié_?

Modeling of piles in irregular ground

- In ground with a sloping bearing layer, long and short piles are mixed,
causing uneven load distribution and torsion of the piles.

- In piles where ground improvement is used in conjunction, the localized
increase in ground rigidity complicates the horizontal resistance mecha-

nism.

https://researchmap.jp/nakano_takaharu

U0
DDDD )| Damage to
(( DDDDDD superstrgucture

" |Damagé to|/ |« | Plasticity of the soil
Siip/ | pile body near the foundation
separation
Plasticity of the
site ground

Schematic of nonlinear SSI

- The vibration of a building is influenced by the softness of the ground and
the dissipation of energy into the ground.

- During a large earthquake, the site ground, the ground near the founda-

tion, and the structure become nonlinear, which influences the seismic

F3y
L Analogy k
g

Edd dl _ 1dF 1 _
Y Tuned mass using L+RI=av vac tef=v

eddy current damper

response of the building.

current

. IR

e Lt

Response reduction device using magnets

- Eddy current dampers absorb building vibration energy by converting it
into electric current and then heat through electromagnetic induction and
Joule loss.

- By utilizing the fact that eddy currents and viscoelasticity can be ex-
pressed by the same mathematical formula, eddy current dampers can be

incorporated into structural analysis.
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Division of Structural Engineering

Create strong wooden buildings that are resilient to
earthquakes and other disasters

https://yamazaki.mrrc.iir.isct.ac.jp/

+ Simulation of seismic response of wooden buildings subjected to multiple earthquake motions
« Performance evaluation and design of structural elements consisting of resilient wooden buildings

In the 2016 Kumamoto earthquake, major earthquakes
attacked multiple times. We research on methods to simu-
late earthquake response under such severe conditions,
as well as technologies to enhance safety level through

the application of passive control devices.

We conduct experiments to verify the behavior of vari-

ous elements that support the structural safety of wooden

15 4 P[kN]
50%

15 4 PIKNT 100%(1)

100%(1) 50% buildings (e.g., columns, walls, floors, roofs) to evaluate

their performance, and to develop design methods.uation

o) methods of structural performance, and monitoring meth-

002 004 006 008 -0.06 002 004 006 008

od for measuring deformation of structures.

Test Simulation

Behavior of wooden buildings subjected to multiple

earthquake motions

¢ Development of a hysteresis model considering performance dete-
rioration due to repeated cyclic deformation

o Shaking table test of full-scale wooden frame

Experiments on tensile bolted glu- Full-scale lateral force test of a tradi- Full-scale lateral force test
lam column-leg joints subjected to tional gable roof frame of shear walls by CLT panel
axial force and moment construction

Performance evaluation of structural elements consisting of resilient wooden buildings
e Performance evaluation of various structural elements through full-scale experiments and development of design methods
¢ Development of response control structures and design methods using passive control technology

o Research and development of building structures using cross laminated timber (CLT)
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MSL is promoting collaborative researches with researchers
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utilize MSLs facilities and/or research data.

Collaborative researches are categorized as follows: General

Research, International Research, Workshops, International

Workshops, and Topic-specified Research.

I Technical Staff
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Members of the technical staff support MSLs research
activities in collaboration with Core Facility Center, Institute
of Science Tokyo. Staff members mainly assist with development
and manufacturing of experimental and test equipment.
Additionally, they support collecting samples measured with
equipment for collaborative researches as well as maintenance

management of the equipment.
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a-1GZO0 TFT, developed by MSL, TokyoTech in 2004 (published in Nature), enabled to develop the world -first large-size OLED TV. This
65" OLED TV has 4K resolution with 3D function.
Latest information of MSL is provided on this large OLED display.
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Access

=8 ®R3 Main Bidg.

Director's Office,

Administrative Office,

Collaborative Researches * Research
Promotion Office

@R3 Annex

©R3 Annex A

OR3 Annex B

©OR3 Annex C

®R3 Annex D (COE Bldg.)
\ORZ Bldg.

©J1 Bldg.
©J2 Bldg. J3 Bldg.

G2 Bldg.
@G5 Bldg.

Area

®s8 Bldg. (Genso-Cube)
®S1 Bldg.
@S2 Bldg.

=0

®H1 Bldg. (Suzukake Hall H1)
Area Lounge, Restaurant, Cafeteria
@H2 Bldg. (Suzukake Hall H2)
Suzukake Hall Seminar Room 1,2
Shops

E= "T_oky—tTEenentosh
Suzukakedai Station™

To Shibuya To Chuo-Rinkan

Joetsu/Hokuriku/Tohoku /Yamagata/ Akita Shinkansen

Nishi-Nippori

ceccscccccccccoen,,

Keisei Narita Sky AccessLine — *e
Hokuso Line

Konodai
Konodai (Sl

Narita Bxpress

B Ichikawa

cereeeeeean,,
sun SeiEo BsI

g
£

Ikebukuro
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CErsts Ochanomizul
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Narita
Intemational
Airport

Futakotamagawa
()

=y O..amr. K

Keikyu Kamata Haneda Airport
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TEL. 045-924-5968

Materials and Structures Laboratory

Institute of Integrated Research, Institute of Science Tokyo

R3-27, 4259 Nagatsuta-cho, Midori-ku, Yokohama, Kanagawa 226-8501 Japan
Phone. +81-45-924-5968

https://www.msl.iir.isct.ac.jp/
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