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The ﬁurpose of this study was to_experimentally clarify the mechanical
response of an assembly of shell structures, where the microstructure is a precisely designable
shell. Among shell structures, an assembly of curved beam structures was considered. Cylindrical
shells with uniform spontaneous curvature were created, and the mechanical properties of the
aggregates were clarified by observing the large deformation when two cylindrical shells are pressed
against each other. It was found that the shells fit into each other and can compress with a low
overall load. In other words, shell aggregates are found to be useful as buffer materials based on

geometry.



B X C—19, F—19—1 (GtM)

1. WFEBMES IO &

L LRIICHOTEMD X 5 7 R — 22l ERICNIE T 2 s & = 0 55k 2 B 534
HZ LIk, BRI ETRTTYA OB EIT Y. O T L— F CEDN
R O AIEEC B 5 £ T, R —7otfiE 2 b O RITE S FHET D038, T D OGS EY
IMENGHET DA 2 £ 60—/ U TEMEZR#EE D SR faE e b o2 it L,

TETHA NS T D EITAEEIEA I N ZHDORIWDE 2 I ER E B O E Sl
Do WOTMA LR SE, TORRICKER T EMOPO R v N U — 7 G2 IET 2 ERZITV,
R — IR PR RICNAET 2 5B e R 2 B8 & . TS oM T bRk S
W, BRI e N BRI A REOBPERIC O W COFBREREOHEFHE 21T 9 F T, BRI
N T Y7288 O )72 W 2 HIE 2 72O O — B st 2 I 5029 5.

2. WEDB

L 720 el AR 2 SR & T DB R D NFIIRERE 2 W S0+ 2. BARBIZIE, W
HEWCRMFMEDR LR B AN N ZRIEFLE D 2 EICX VAR SN DB &2 & 215
LICTET VA 2 RRT D, FHTHEO b ORMZAIRCT T Af=)ITIER L, £ OEBERL
FEMEZ A LT RRER ORIEE 21T 5. & DITERMTPEM B OES RO KL 2 HH9 5 mdl s 2
2 b—va iEEWAT LTI L, BHERNENE B2 b SRR D RIE(L O A 2 fE I 9
5.

3. WHEDTTE

HRAb D721, R = VESERORD VI, A OB > ROEEREEX D, Y7
FUAFEZ W BT D72, @ﬁot%%PMG/—F®ﬁﬁﬁ Lo TR 2, T L TR
LA U THBRABREE TIEMGRER 21TV Z O EREZ A ST 5, FRCRDIER &4
Rots, 2k EHREEOHRICE > THEREN ED X SIS 20 E BT %, WATLT
A= T T T 4 7 RS BUERI R 21TV, SHRFEE LT 0, FERE VI L —
Ay A EPEL LT, NI Z b OMIED R Z A 5 0M2T 5.

4. WFIEERHE

AR A 2~ T ) 7oL EREEN DA RAE 2 N TS ERAE LTS IR IX . = OFRSE nTRE 70k
et B BLRIRVN G DO TH 5, WK O AAEH, MRS RO 2 E R ORISR AN 22 E
P, PR 72 P AR T AT OISR SN, S S E T A TOBRNI A X ~T ) TV
BRCIREIN TV D, FHAEH. MEVHERSC P EREROMEEI AR L ENE, B &%
FIHT 272015 EIN=bDTHS, LL, TORFDIFEAEIX, 707 T L@ ITHRE
FRHNCENET D X 91T, ReEaethly VISR ST b, 7mﬁ7AﬁD IR BRI

%W#éio_mﬁénfw b, ZIZTIET U DIHEAERLNZMEE Y = L OB

REZMET 5, EbL v Iab—a U EHAEDED Z LT, BAERLNT Y = /L3, JEME
BRIC PR X —Z RN L, FRDZENTEDH I EEEIE LT, v =/WELT U AIZHELN
LTWAMR, AT A BEE L IRIC Ko THIBE S A FERHIC o 3 & b et rE 2 7~ 9,
Forx D Z OFERIT, R ELEEFRE TS 2 LT, 2T RE B INE 0 5 B
HZEERLTWD, TRIFTRERFEBISEN G OND Z L 2R LTS [1],

ﬁ*%%@%ﬂmﬁﬂ%?yﬁAK%ﬁE@TE%'ﬁE?éo%%W%@ﬁﬁﬁﬁw%Q(F
=0), ¥ /VIITITZEEATELE L, BEE L PR D H 12 L o> TRABERENR SN S, FMET

&\ﬁﬁmeiw®k%@E%k&%K%ML\%@%\%%%&%ﬁwﬁxfyf74y
MZKIETDNOERTNEZ D, VAT L% I BIZEMET D & EM T ORI T F The
<o

BEINT-HEFDOIETIZ, —FDOL = ABMEFDY 2 VB aLaAte, 2 O5DOF—F i 2 )VEE
TRFTH R AT > 77 ¢ MBIRICERZ RHT Z LN TE 5, ZoWBNRe 7 0t R % BfE
THEDIT, Yo VAEO AL ERT 2 SO —Y = VDOTEERBREE 2 5, 2 OOFR LY
Iwﬁmﬁébéﬂé&%\@%%ﬁu&yiwﬁ§®mmuf\%ﬂ%w@%ﬁm\kéwm
SRICA T v 7 T5, i EBEFLEEINETNAAT T EIL AT T 7 0w FEFFDY, ZHUTE
E%#W%Mn_«_iﬁévlw@% WZOWTIRE L7/ EICHED

Fex 7o @fE (thoD/RT A=K ZFT _RCEE) TREMICEWESNITZN=30 DY = vDE v hEH



2. BHOEEFCa L yTFTRIZT VX AIEAERD, 2<RALYF I 4 &Iz —Ta v
THBEL, 30 o) v ZFOfEEME 2T o LIk Lz, B2 0T TRIBE I
TEED, Vo7 e RBOMOBEEEEIT. Vo 70 v VEEBURE L FFEIZ 0.35 ITREINT
Wb, LnL, BEDORE (Vo 7=V 7)) LidiApy | FEEIQL, siEITAZ v 7 2Eo%
AT E A ERBEE 2N EIZEET D,

BAERONTZZA T T OY 2 VEEN LIED D & 1D n=1 YA 7 )L Cl, JEMER B ITE%
H7e B A RS, NDFIE L = LRI A HONTHEIM L, AT ANTRAF Y77 4 v M
G AET D LRI T 5, [EEERT D L. REERN AT v T T 4 v 85, ERDE-
CXDOT zVE, 2HEDREE 2h O Vb BT T LN TE LD, ERhR A g T HY
MU, REEBEEL 72D, TORE, FITTEMET D120 TRl ﬁmﬁéoﬁEﬁKd\ﬁ$
SNET BN = UE 2 DIT4y %L@w:&#%w@f FIZA L=z e THEMIN5,
DX I, EREEHIED T 1t A X5ERITR AW Th 5, 2@H®n2uM@%47wf
AF T T 4w MIEIDIZ <<@é SV UL, ATy TREERRT DT E A LI, @
HOEMDOHZICTTICAT v 7L TWS, A 7% n > 1 ETHEITHE. H-ZBA xR
R A 7 VIIRRICICRE U, 2 2 Tl = Vot & o = VI OB~ 0 N HERIC R D,
—ﬁx%ﬁﬁ@t&%ﬁn&m»%E%#é&pﬁ%mﬁ%@&471yiwaﬁg%mﬁﬁ
Bo BUREWZ LI, [EMINRA A T ITOLEVMEL Y b REWZHL b 5T, ZoRE

v N TCEEAAT I OARAF T 7 4w MIBIZEINR\, 2 DDOFROAT 77 4> hTHIE
nadEoilc, #4711 % iFﬁ’ﬁéﬂék<oOé’< B8 F LU CREBL, %0)j<é°7‘£/£ﬁ/
y<®ﬁﬁ%z%&¢é LU, JEPHOZRD A< OZT 5, SV UR, JEME XM
%@ﬁﬁk@@@#%%%ﬁzﬁo%@#% BRI TNV A 7 )V AR I FEAR A B JEE |2 252
T %, BMAERLILZ Y = )VOIOMERRIC 1T D Z OB 2ENL, TNENO Y = /L O
EFIRTZT TR, BN L v 2 VO ERSINCH T B,

INE TOLERTHIIES LT E I A 2~ 7 U 7 UIE, JEMERF IS TR 22 PERE
T, THEECT BT T A SPIZHEMEITEF L TV D, R REaMEE, 20 & 9 bk
HIPEREICRB W THETH D, Hx DA = VO T & & LELAIS Z O K 9 S Ko
Bl & R U JEMERF O > 2T KO IEME/REALII W SR TARAT 95 05 BRR 2B RO PERE I3
WITHRTH D Z LML TWD, LIER-> T, MIRWVHEERDORE BRI, ThonT
ZDFRBERSTHETHRIAT L ZENTE D, Fox OAFFER. MIRVHREERI R E S AE
L. E“@ﬂ%%%%éﬁékwiﬁbw REHREA~DEZ DO TH D, FRRORG T A7

TIE BAREENOR UG A OB ET, SESERES AT —AOTHHBEIOGHTE
LEHFFLTND

[1] T. G. Sano*, E. Hohnadel*, T. Kawata, T. Metivet and F. Bertails—Descoubes “Randomly
stacked open cylindrical shells as functional mechanical energy absorber” Commun Mater
4, 59 (2023). (*Contributed equally)



6 6 3

Sano Tomohiko G. Johanns Paul Grandgeorge Paul Baek Changyeob Reis Pedro M.

55

Exploring the inner workings of the clove hitch knot

2022

Extreme Mechanics Letters

101788 101788

DOl
10.1016/j .eml.2022.101788

Grandgeorge Paul Sano Tomohiko G. Reis Pedro M.

164

An elastic rod in frictional contact with a rigid cylinder

2022

Journal of the Mechanics and Physics of Solids

104885 104885

DOl
10.1016/j . jmps. 2022104885

Sano Tomohiko G. Pezzulla Matteo Reis Pedro M.

160

A Kirchhoff-like theory for hard magnetic rods under geometrically nonlinear deformation in

three dimensions

2022

Journal of the Mechanics and Physics of Solids

104739 104739

DOl
10.1016/j . jmps.2021.104739

Sano Tomohiko G

55

Reduced theory for hard magnetic rods with dipole-dipole interactions

2022

Journal of Physics A: Mathematical and Theoretical

104002 104002

DOl
10.1088/1751-8121/ac4de2




Tomohiko G. Sano and Hirofumi Wada

122

Twist-Induced Snapping in a Bent Elastic Rod and Ribbon

2019

Physical Review Letters

114301(1)-(5)

DOl
10.1103/PhysRevLett.122.114301

Daichi Matsumoto, Tomohiko G. Sano and Hirofumi Wada

123

Pinching an open cylindrical shell: Extended deformation and its persistence

2018

Europhysics Letters

14001-(p1)-(p7)

DOl
10.1209/0295-5075/123/14001

2019

Tomohiko Sano and Hirofumi Wada

Twist-induced snapping in a bent elastic ribbon

APS March meeting

2019




Tomohiko Sano

Twist-induced snapping in a bent elastic ribbon

Advances in Physics of Emergent orders in Fluctuations

2018

2018

Tomohiko G Sano

Twist-induced snapping in a bent elastic ribbon

Yukawa Institute of Theoretical Physics, Research Seminar

2018

Tomohiko Sano and Hirofumi Wada

Slip morphology of strips: Inspiration from plant-soil mechanical interactions

Plant Biomechanics

2018




Tomohiko G Sano

Twist-induced snap-buckling in a bent elastic ribbon

Instabilities in Solid Mechanics, GDR MePhy

2018




