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Introduction

* Poisson’s ratio (v, Siméon Denis Poisson (1787-1840))

e, (AD) (AL)
v=—=—\|— / _—
ej D L POISSON, S.-D.

B B
V= [3(5 — 2)] / [6 (E + 2)] Traité de mécanique
(Isotropic material, B {§Sf&=, G EiIES)
For0 < B/G <o, -1<v<0.5

Tome 1

Vve Courcier
Paris 1811

Greaves et al., 2011, Nature Materials, Vol. 10, pp. 823-837.
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Introduction

Auxetic (From Greek - auxetikos)

Evans et al., 1991, Molecular Network Design, Nature, Vol. 353, pp. 124.
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Cellular auxetic materials and str

Re-entrant models iz y N tis
Rotating polygonal models  FE& 10 REY
Chiral models SRRy

Crumpled sheets models BRI R

Perforated sheets models ~ EFFLAYHRIRIERY

Other models H{tht&ry

0 o0 T

(€)

Xin Ren et al, 2018, Smart Mater. Struct. 27, 023001
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Properties of auxetics

« Shear resistance ESTIRY 4 RE

e Indentation resistance MPERY TR

e Fracture resistance e =

« Synclastic behaviour EE A RS
« Variable permeability ZHFHZIEERE

« Energy absorption REEIRITHI RS

Xin Ren et al, 2018, Smart Mater. Struct. 27, 023001
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Medical applications EZ_ERIMN

GICBES

Bhullar et al., 2014, International Journal of Mechanical,
Aerospace, Industrial and Mechatronics Engineering
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Yao et al., 2020, Mater. Des., 188, 108424.

Bandage applied

to wound

+ bandage consists
of auxetic filaments
impregnated with
anti-inflammatory
agent

Infected
wound swells

bandage stretches
filaments stretch
filament micropores
open (auxetic effect)
release of anti-
inflammatory agent
slarts

Wound heals

swelling decreases

bandage relaxes

filaments relax

filament micropores

close

* release of anti-
inflammatory agent
stops
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Auxetic textiles SaEAEE

et
” b
v
R AIP) y
. A

N

Expansion/
transverse effect

Armor vests
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1. #&5LLHIEFiE Pattern Scale Factor (PS

25% 50% 100%
0.001425 0.00285 0.0057

&@%@QQG
v@%@@@‘
@@@%&Q@

Model Mode 1 Mode 2 Mode 1 Mode 2

PSF = 20%
Mode 1 Mode 2

e =
BH
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Ren et al., 2015, Experiments and
parametric studies on 3D metallic
auxetic metamaterials with
tuneable mechanical properties.
Smart Materials and Structures,
Vol. 24, 095016.




1. &5 ELBIEFZ Pattern Scale Factor (PS
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0.01465
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*
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*
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Displacement

(mm) ; \
!
@ 1
B 4
(a) 4] '
@ c
PSF=0% 3 ‘
B «
(b)
PSF=20% Ren et al, 2016, A simple auxetic tubular
structure with tuneable mechanical properties.
Smart Materials and Structures, Vol. 25,
065012.
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1. {&5LLIEFiE Pattern Scale Factor (PS

1: ILﬁtt{ﬁJ.%[%Pattern Scale Factor Mode 1 Mode2  Mode3 Mode 4 Mode 5

(PSF) MethodBYiE - —B "% L :"(1 'ﬂ n
] >4 =

SGHEIREE  (AZAK) x&f‘ 5151{73_’&

ol
=4
1E
mz

s
Mode 6 Mode 7 Mode 8 Mode 9 Mode 10
Z & 2
‘ X /
Sleader unit cell 20 auxetic bebavicor nE———— 3D suxetic behaviour 2
(SUC) Pattern scale factor {PSF) ZI % :
2 wiboxlidopy
) " X y Y
1 o
. Eigenvalue 3,22110E-3  3.35062E-3 3,35063E.3 3.35557€-3 3,35560€-3
PSF 0 25% S50% 75% 100%
R OSF 0 0.00249 0.00498 0.00747 0.0099%6
Thick unat cell Nom-suxetic behaviour (b) \ )
{TUC)

Strain 0

ZLII

(c) b h,

z
o |
Ren et al., 2018, Design and characterisation of a tuneable 3D buckling-

: : : : . Ren et al., 2018, Design and characterisation of a tuneable 3D buckling-
n metamaterial. Materials and Design, Vol. 1 . 336-342 _ N . . .
induced auxetic metamaterial. Materials and Design, Vol. 139, pp. 336-3 induced auxetic metamaterial. Materials and Design, Vol. 139, pp. 336-342.
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2. fJTNIELLBIEFiE Variable Stiffness Factor (V

M ARRE—SEUE EREEE
EEIIETRRINIEE

L

N b Cc-1 Cc-2 c3  C4
Rotation cutting *— VSF=40%
VSF=100% (b)
Rotation cutting
VSF=60%
VSF=100%
(91=9)

Lce

O

Densification status VSF=40% VSF=60% VSF=80%
- VEF=40% g - VEF=40%
— v —
B Arravin 3 a0l g-«m 7 . vs:noo% o
[] Plastic region Nl A e O
: ) - \ L~
] Design region 2 n" " go.a \ n “
200 . 3
[ Optimized region g o % u & o N V4 “
- / : L
o Rotating centre ] 100 —as” P S '
Tubular structure Plane structure (d) 800 505 om0 o1 02 92 O8G os oi0 0I5 00 025

Narninad! strain « Naminad strain «
Zhang et al., 2022, Static and dynamic properties of a perforated metallic auxetic

metamaterial with tunable stiffness and energy absorption. International Journal of
Impact Engineering , Vol. 164, 104193.

Zhang et al., 2022, Design and analysis of an auxetic
metamaterial with tuneable stiffness. Composite Structures,
Vol. 281, 114997.
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3. Auxetic nails 3B LLE

it ﬂill #ﬁﬁn?%—’\ﬁﬁﬁ,ﬁ* ELSIRRIET

- C BeEREAT
.
i z: R SR

Yao et al., 2020, Mater. Des., 188, 108424.

Ren et al., 2018, Auxetic nail: Design and experimental study. Composite Structures,
Vol. 184, pp. 288-298.
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4. Seismic metamaterial =
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4. Seismic metamaterial HIEEEE

eS|

1. TS HEHELEE
BHEERESRES

Wavenumber k

2. HISBEA, Al
N¥=2REERRTF
Aibtigsh

Transmission(dB)

2.0 25 3.0 L5 4.0

Frequency (Hz)
(b) LR (c) ﬂ : v v v Y Y
’ : N
" i
nn 0na 0 vv. ‘N 03 uwi
ARESTZETRIRE: (a)0.36 Hz 1 (b)3.5 Hz HALEXS FEER OS2I

Ting Ting Huang, Xin Ren et al., 2021, Based on auxetic foam: A novel type of seismic metamaterial for Lamb waves. Engineering Structures, 246, (112976)
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4. Seismic metamaterial HIEtE#

(b)

lbREE N

(a) (b)

7.0
6.5
6.0 e
5.5f
5.0f
£ 4.5F

= 4.0f

2

3 3.5

g-S.O'

i 2.5
2.01
1.5F

L0

s s'ﬁ

0.0 X r -

Wavenumber k - _ Wavenumber k
e EILE

Ting Ting Huang, Xin Ren et al., 2021, Based on auxetic foam: A novel type of seismic metamaterial for Lamb waves. Engineering Structures, 246, (112976)
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5. Buckling-Restrained Brace (BRB) J&

JE -RZYPR 52 18 N FRRA R s #£8KBRB(Buckling restrained brace), /= mix
AEBEERT1I73FNEAR, SN—itBAZERINRA 7T RENER
TURhJE HFERESZIE.
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https://baike.baidu.com/item/BRB/10514986

5. Buckling-Restrained Brace (BRB) &

Bolt

"
II Restraining plate

Auxelic core plate
Filling plate ‘
‘/Reslrdining plate

Bolt

g

i

Unbonding
material

i
O
5
5
S

105 Isol_t !26! 55 ~
: 1130
The configuration of traditional perforated core Stiffener
Aer . B <
S\
o 000000000000 000000000000
2 #@ 3 800000600000 000000000000 —
e' 00000000000 000000000000
MI\W
| € o A< +—f00 |
The configuration of auxetic core B<

Yi Zhang, Xin Ren et al., 2021, A novel buckling-restrained brace with auxetic perforated core: Experimental and numerical studies. Engineering Structures (Accepted)
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Specimen”

F ixéd bottorh

Average stress (MPa)

400

200

=200

400

4 ¥ '
Fatlure point~

|——— NP-BRB|

L A Il A

-1.2 08 04 00
Average strain (%)

04 08 1.2

(a) NP-BRB

Average stress (MPa)
5

Failure point_

A "l 1 L L

-0.8

04 00 04 08 12
Average strain (%)

(b) PP-BRB
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6. Auxetic tubular structure S3;B%2Ek
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Destge, manufactering and applscations of ausetic tubular seractures Ll
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Ren et al., 2016, Smart Materials and Structures, Vol. 25, 065012.
Ren et al., 2018, Composite Structures, Vol. 184, pp. 288-298.
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| @ — Rotation axis (b)

Unit Cell
(10% PSF)
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Zhang et al., 2021, Thin-Walled Structures, Vol. 163, 107758.
Luo et al., 2021, Design, manufacturing and applications of auxetic tubular
structures: A review. Thin-Walled Structures, Vol. 163, 107682.
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Zhang et al., 2021, A novel combined auxetic tubular structure Zhang et al., 2022, Experimental and computational investigations of novel 3D
with enhanced tunable stiffness. Composites Part B: Engineering, Printed square tubular lattice metamaterials with negative Poisson’s ratio . Additive
109303. Manufacturing , Vol. 55, 102789.
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6. Auxetic tubular structure Sa;B¥2Ek

() c)
e

d W
: L I 3 &
' ’L' Hexagonal P/T.l

Re-entrant
honeycomb honeycomb

d

Zhang et al., 2022, Energy absorption properties of composite tubes with
hexagonal and re-entrant honeycomb fillers. Construction and Building
Materials, Vol. 356, 109303.

S RS T Ak — RISt




6. Auxetic tubular structure $;H%2

- HIFRATEER T

2500
EREER
| WAL S N,
g s} A S Z Ne+ N,
E B
E 3
- 000 -3
e CFTSST-T Speci label C
s00 F An-',\ss;‘r-r?:: pecimen labe
it CFTSST 1.32
% 10 m 30 P 50 0 2 P s 5 10 CENSST 1.62
Displacement (mm) Displacement (mm) CFASST 2.32
SNSRI AL Fa OB/ SN BB R R RIS

Luo et al., 2022, A novel concrete-filled auxetic tube composite structure: Design and compressive characteristic study. Engineering Structures,
Vol. 268, 114759.
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Zhang et al.,, 2022, A novel auxetic chiral lattice composite: Experimental and
numerical study. Composite Structures , Vol. 282, 115043.

Zhang et al., 2022, Mechanical properties of foam-filled hexagonal and re-entrant
honeycombs under uniaxial compression. Composite Structures , Vol. 280, 114922.

Zhong et al., 2022, Mechanical properties of concrete composites with auxetic single
and layered honeycomb structures . Construction and Building Materials, Vol. 322,
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Cheng et al., 2022, Design and mechanical characteristics of auxetic metamaterial
with tunable stiffness . International Journal of Mechanical Sciences, Vol. 223,
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Zhong and Ren et al., 2022, Mechanical properties of concrete composites with auxetic single and layered honeycomb structures.
Construction and Building Materials, Vol. 322, 126453.
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9. Auxetic foam materials FaB¥AEK;&;

30D modeils Microphotographs
' Conventional Auxetic
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(@ A
(b) { _) ‘ J
Conventional Auxetic
(€) T
oF — mp || =y
1" . Auxetic foam 1 -0 :
20 models Fin i te element models

/ {d) Multi-stage
process

SN

Auxetic foam Recovered foam

(a) Original
] (0) Re-heating
maethodology process
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10. Lightweight Auxetics 22t 5BALGE
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(c) Novel auxetic material-2 (NAM-2)
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Han and Ren et al., 2022, Lightweight auxetic metamaterials: Design and characteristic study. Composite Structures, Vol. 293, 115706
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. Auxetic acoustic metamaterial ﬁiEl*’Al:l’,E
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474.05 Hzp&(KF)439.72 Hz, MBI ES B%i*JJuT 65%.

2. NP-AMPTIHAIREIASTERILPP-AMPIEE 77.7%, eatiinT 15.1%.,
3. NP-AMPHIRRIEIERIE S & éﬁr“““E’Ji*JJuFrﬁB%EE X5PP-AMPiER.,

Tao and Ren et al., 2022, A novel auxetic acoustic metamaterial plate with tunable bandgap. International Journal of Mechanical Sciences, Vol. 226, 107414
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