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A Site-City effect ?

Context

» Structure-Soil-Structure Interactions not taken into account
in usual engineering practice

» Records in urban area during Mexico earthquakes : long
duration, beatings. Might they depend on the city ?

(Wirgin & Bard, 1996, BSSA)

» Assumptions ? Methods ?

NS
O.M\mem max = 163
2
“.....ymwmwﬂ mex = 143

] RPN 5o Objective

2:me A S To identify, describe and quantify
large scale multiple interactions
Horizontal accelerations recorded in Mexico on firm p h enomena th rou g h

ground (top) and in the lake bed zone (bottom) du- experi mental , nu merical and

ring the 25" April 1989 event [Chavez-Garcia et al., theoretical Crossed analyses
1994]
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Interdisciplinary collaboration to approach the issue

Team members Numerical Theoretical In-Situ Data
Institute Modelling Modelling

Pr. P.Y. Bard (lead user) Spectral Structures and
ISTerre, University of Grenoble Element ground motion
CNRS/IRD/IFSTTAR - France Simulation

Pr. C. Boutin, Homogenization

PhD student L. Schwan of periodic

ENTPE, University of Lyon systems

LGCB/CNRS - France

Dr. L.A. Padron, Boundary/Finite

J.J. Aznarez & O. Maeso Element

University of Las Palmas Methods

de Gran Canaria - Spain

Pr. S. Castellaro Reverse Structures and
University of Bologna - Italy analysis ground motion

and from the host facility EQUALS :
M. Dietz, E. Ibraim, C. Taylor, University of Bristol - U.K.
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Outline

Theoretical model : city impedance analysis
Design, shaking and instrumentation

Experimental results / city impedance analysis

Numerical simulations / city impedance analysis

L.A. Padron, J.J. Aznarez & O. Maeso

Conclusions
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Outline

Theoretical model : city impedance analysis
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Idealization of a city

Y.-periodic distribution of identical
resonant structures

Los Angeles - downtown
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Periodic surface under long wavelength

» >-periodic surface
Y=
» Scale separation : the wavelength is
much larger than the width of the period
A>2nl
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Periodic surface under long wavelength
Isotropic

» Y-periodic surface
Y=
» Scale separation : the wavelength is
much larger than the width of the period
A>2nl

» Isotropic :
Same resonant behaviour in all directions
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Periodic surface under long wavelength
Anisotropic
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Periodic surface under long wavelength
City Impedance

» Y-periodic surface

I/////////////%////////////” > Scale sepafa“O“E: t;eei"’a"e'ength °

much larger than the width of the period
A > 27/
» Anisotropic :
Resonant direction & Inert direction
» Constructive interferences

» Homogenization (soutin & Roussillon, 2004, BssA)
Surface stress= Force exerted by Resonator/|X|

» Resonator exerts a force on surface because it is shaken
Resonator Force = Resonator Impedance Z x Surface velocity
» City impedance Z, =Z/|3|
Surface stress = City impedance Z, x Surface velocity
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City impedance
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City impedance

B ng resonator

ass

Yt
!

ping

Ratio city impedance Z, / soil impedance Z; :
> parameter n

» resonator-dependent dynamical function
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City impedance

Bending resonator

m@ Modal mass

Y
!

ural

1g

inm
Sity

illus

ping

nteraction parameter

n=

m, 27f,

VT

e.g. Mexico : n ~ 10%

Ratio city impedance Z, / soil impedance Z; :

» parameter n

» resonator-dependent dynamical function

1-i2, L - L

2
it +26,5
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City impedance
-

ping

nteraction parameter

m, 27f,
n=

VT

e.g. Mexico : n ~ 10%

Ratio city impedance Z, / soil impedance Z; :

» parameter n

» resonator-dependent dynamical function

2
it +26,5

Z,
Zs 1-i2, L - L
Calculations performed with g = 13.6%, & = 5% ! !
150 Zo n 8
175 | ~ o
Rigid-like surface ’
g1 RES NCE 1
~
N |
05¢ Freedlike syrface ]
Zo Zo
72l <1 |72 | <1 ]
% o0z o4 06 08 1 12 14 16 18
I/t

2
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City resonance coincidences with layer resonance
The layer would like to amplify the displacement imposed at its base

Surface
displacement
r

Base
displacement
b

X direction

Y direction

Q
0.4 0.6 0.8

[o}
0.4 0.6 0.8

1 12 1.4 16 1 12 14 16
R I
3n/4
2 2
U4 T4
0| 0|
0.4 0.6 0.8 1 12 14 16 0.4 0.6 0.8 1 12 14 16
/ fu f/ e
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City resonance coincidences with layer resonance
The layer would like to amplify the displacement imposed at its base

X direction Y direction
15 « Inert mass
——
Surface =10 10
lacement 5
Ur 5 5
0 [0}
0.4 0.6 0.8 1 1.2 14 1.6 0.4 0.6 0.8 1 1.2 14 16
Y.
107 X m n
= 31/4 3m/4
g
Base IS /2
. w0
displacement z wa
b
0| 0|
0.4 0.6 0.8 1 12 14 16 0.4 0.6 0.8 1 12 14 16
I/ fe flfu

BUT the resonant surface imposes
» a free-like condition in Y inert direction
» a rigid-like condition at resonance in X direction
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City resonance coincidences with layer resonance
The layer would like to amplify the displacement imposed at its base

X direction Y direction
B 1) m 1) « Inert mass
——
- Drop
Surface =10 10
lacement 5 (é T)
Ur 5 5
%.4 0.6 0.8 1 1.2 14 1.6 [()).4 0.6 0.8 1 1.2 14 16

Antiresonance—0scillators’ resonance

hi Y\]/X m n

= 31/4 3m/4
=

Base IS 2
. w
s #

displacement z wa

b
0 0
04 06 08 1 12 14 16 04 06 08 1 12 14 16
I/ fe flf

BUT the resonant surface imposes
» a free-like condition in Y inert direction

» a rigid-like condition at resonance in X direction
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Outline

Design, shaking and instrumentation
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Design Layer City
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Design Layer City

» Elastic, linear, isotropic

» Eigenfrequency f. < 15 Hz

» Aspect ratios > 2

Shaking table >
Base plate assemb

> hy =T76cm
> f1 =9.36Hzin X (9.11 HzinY)
> £=49%
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Design Layer

» Elastic, linear, isotropic

» Eigenfrequency f. < 15 Hz

» Aspect ratios > 2

Shaking table >
Base plate assemb

> hy =T76cm
> f1 =9.36Hzin X (9.11 HzinY)
> £=49%

City
» Period width ¢ < A Wavelength
» Eigenfrequency f, =~ f1

» Modal mass m, ~ Mass of layer
under period

~

» Period width / = 5 cm
> f,~84H; & =~5%
> 1~ 13.6% (Mexico : n ~ 10%)

141/27



37 resonators
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Shakings
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Instrumentation

& SETRA
« MEMS

SETRA : 1D, 30 grams each, 8 cm- MEMS : 3D, 2 grams, 2 cm wide
wide base plate 14/97




Outline

Experimental results / city impedance analysis
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Drastic changes in spectrum Surface/Table

1 sheet

> 1

X direction

Y direction

15/

10p

10 11 12

T T
= 31/4 3m/4
~
=
SR /2
=4
= g T4

0| 0|

5 6 10 11 12 5 6 1 12

resonator : usual layer’'s resonance
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Drastic changes in spectrum Surface/Table

X direction

Y direction

15

10p

3m/4

e

37 sheets

arg Ur / Uy

2
N

» 1 resonator : usual layer’s resonance

» 37 resonators : in X resonant direction : drastic change in layer’s resonance

» 37 resonators : in Y inert direction : usual resonance peak
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Drastic changes in spectrum Surface/Table

X direction Y direction

15 15/

s Experimental c

5 5

0 { Qyag) Dn k
Al JETE AUU 6 8 112
FET without averaging

- mental curves

37 sheets

5 6 7 8 9 10 11 12 5 6 7 8 9 10 11 12
2) i)

» 1 resonator : usual layer’s resonance
» 37 resonators : in X resonant direction : drastic change in layer’s resonance

» 37 resonators : in Y inert direction : usual resonance peak
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Drastic changes in spectrum Surface/Table

X direction Y direction

15 15/
-06 510 10
o 5
7] 5 5
A 0 0
5 6 7 8 9 10 11 12 5 6 7 8 9 10 11 12
_“.2 T T
o = 3n/4 3n/4
o 2
% < iz
N~ ¥
™ T4 U4
0| 0|
5 6 9 0 11 12 5 6 8 9 1 12
f(Hz) f(Hz)
» 1 resonator : usual layer’s resonance
» 37 resonators : in X resonant direction : drastic change in layer’s resonance

» 37 resonators : in Y inert direction : usual resonance peak

v

City impedance analysis : qualitatively and quantitatively accurate
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Drastic changes in records

Transfer function - X direction Records and synthetic signals

[Ur/ Uyl
-
o
g

> 10 1

5 6 7 8 9 10 11 12 5 0
Py
=
05
b
= 3 -1
=5 3wa
g
o
5o
=
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]
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0 L
s 6 7 10 11 12 05 35

8 9 25
J(Hz) t(sec)
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Drastic changes in records

Transfer function - X direction

Records and synthetic signals

1 sheet

0.5

1 resonator

5 6 7 8 9 10 11 12 5 0
o
=
05
b
= 3 -1
=5 3wa
g
o
5o
=
o0 -15
]
4
0 L
5 6 7 0 11 12 05 35

8 9
()

» 1 sheet : usual temporal response of a layer

25
t(sec)
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Drastic changes in records

Transfer function - X direction

Records and synthetic signals

15 15 1
Table
_ Y PSS o
—— =5 W
[0 T 1
@ =
< =
n 5 0s
— 4
1 resonator
s 6 7 8 9 10 11 12 .0
™
=
%) 05
—
q) b
(O]
e = an -1
n ~
N~ = o 37 resonators
5o
[¢p) 50 -1.5
© w4
0 L L L L L L
6 7 8 9 10 11 12 05 15 25 35
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» 1 sheet : usual temporal response of a layer

» 37 sheets : drastic change in shape of records and lower amplitude
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Drastic changes in records

Transfer function - X direction

Records and synthetic signals

15 s
Table
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10 1
=
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1 resonator
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» 1 sheet : usual temporal response of a layer

25
t(sec)

» 37 sheets : drastic change in shape of records and lower amplitude

» City impedance analysis is accurate temporaly
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Drastic changes in records

37 sheets 1 sheet

v v v

v

Coda of the records

Records and synthetic signals

1 resonator

slope: -24dB/sec

201og|iir/ gl

37 resonators

slope: -16dB/sec

201ogglir/ ¢

1 sheet : usual temporal response of a layer

City impedance analysis is accurate temporaly

Longer coda and clear beatings

-1
3
-1.5

N PO
vy

1 resonator

7 resonators

Table |

1.5 25
t(sec)

37 sheets : drastic change in shape of records and lower amplitude

35
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Drastic changes in modal shapes

X direction - 37 resonators

X direction - 37 resonators

5Hz 6.7Hz
10 i 10 ]
S
~
o
s)
=5
4 5 6 7 8 9 10 11 12 13 4 s 6 7T 8 9 10 11 12 13
J(Hz) J(Hz)
X direction - 37 resonators X direction - 37 resonators

84Hz m 84Hz
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Depolarization

37 resonators

|5 Xdirection
=0
) M
=
0
s 67 s o0
ISVdire:lmn
0
=
:5
% s 678 e 0D
)

15 X directi
s 10.3Hz
~10
£
:5
045 6 7 8 9 1011 1213
g ¥drecton
0

\!fr/_l/'l,\

5

045&783.50|||2|1

I

» X :antiresonance

» Y :resonance

» X :resonance

» Y :inertial
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Depolarization

37 resonators

X direction

15
5z

6.7Hz 84Hz 103Hz 12Hz

A

6 7 8 9 10 11 12

% s

Depolarization :
» frequency-dependent
» due to surface anisotropy

S’ﬁ'/ r\?"‘e?\

SO 11213

6 7

e

» Affects : direction, ellipticity, orientation

¢y/X~ -n/5
Table Table Table
6.7 Hz
¢y/xw/‘rr/2
Table Table Table
10.3 Hz
01 02 02 -0.1 0 01 0.2 01 0.2
a, /g
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As the city gets denser

X direction Y direction
1 15
: : 1 sheet
=
g 10
s 5
0 ' 0 ; ' ’
8 9 10 11 12 6 8 9 10 11 1
n n
=5 amid 4
S ow w2
Py}
]
4 4
0 )
5 7 08 9 10 11 12 5 6 7 8 o 10 11 12
J(Hz) [ (H:)
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As the city gets denser

X direction Y direction
19 1 5 1 sheet
;\10 1 10
s 1 5
0 . - : - . 0 . : - . -
5 6 7 8 9 10 1 12 5 6 7 8 9 10 11 12
9 sheets
R X All surface
=5 3 i
- n=2.8%
5 2
=
® -
0 . . . . 0 ] . . . .
5 6 7 8§ 9 10 11 12 5 [ 7 8 9 10 11 12
[ (Hz) F(Hz)

» Already significant with 9 structures

» Model applies even for large period
(2ml/A ~ 0.4 for 9 sheets)
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As the city gets denser

X direction Y direction
0 1 10
5 1 5
P 0 P P
6 5 6 7 8 9 10 11 12

6 7 8 9 10 11 12

7y

U/ Ul

34 34

/ Us

argUp

2
4 4
0 1 0
é 7 S 0 10 1‘1 12 5 6 7 8 0 16 l‘l 12
f(Hz) f(Hz)
» Already significant with 9 structures

5

» Model applies even for large period
(2ml/A ~ 0.4 for 9 sheets)

» The denser the city, the bigger the effect

1 sheet

9 sheets
All surface
n=2.8%

37 sheets
All surface
n = 13.6%
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As the city gets smaller

X direction ¥ direction
15 15
=
gt 1 10
b
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5 . 5
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5 6 7 8 9 10 11 12 5 7 8 9 10 11 12
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As the city gets smaller

X‘direction ‘ ‘ Ydirecti‘on 37 sheets
15 1 15 Gathered
= n=13.6%
Z0 1 10
- SM ’
%% 7 s 9 10 1 12 5 6 7 8 9 10 11 12
9 sheets
Gathered
n = 13.6%
=5 3 3n4
E 2 2
B0
# w4 4
0 . 0
5 6 7 8 9 10 11 12 5 6 7 8 9 10 1 12
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» The smaller the city, the smaller the effect
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As the city gets smaller

X direction _ Ydirocton 37 sheets
15 1 15 Gathered
= n=13.6%
\\10 1 10
) SM 5
° 7 5 7 9 0
5 6 7 8 9 10 1 12 5 6 8 10 11 12 9 Sheets
Gathered
" n=13.6%
=5 3 3m4
S .
% 4
0 ‘ ] 0 5 sheets
5 6 7 8 9 10 1 12 5 6 7 8 o 10 11 12
J(Hz) JHz) Gathered
» The smaller the city, the smaller the effect n = 13.6%

» Still significant with only 5 structures

24 /97



Various distributions of 9 resonators

X direction Y direction

15 15
- 9 sheets
=
o 1 10 Gathered
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0 0
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5 & 7 8 9 10 11 12
f(Hz

29/97



Various distributions of 9 resonators

X direction Y direction

. . . 0 . . . . .
8 9 0 11 12 5 g 7 8 9 1 1 12

7 8 1 1 12

6 7 9
f(Hz)

9 sheets random =~ 9 sheets gathered
Periodic condition is not mandatory

9 sheets
Gathered

9 sheets
Randomly
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Outline

Numerical simulations / city impedance analysis

L.A. Padron, J.J. Aznarez & O. Maeso
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Numerical simulation with a BEM-FEM model

» The foam block is analyzed using a harmonic 2D direct boundary
element formulation leading to a matrix form of the discretized
boundary integral equation of the type Hu = Gt, where u and t are the
vectors of displacements and tractions ; and H and G are the coefficient
matrices arising from the BEM.

» Quadratic 3-noded boundary elements are used in meshing the block
» Resonators are modelled using 2-node 6-dof beam finite elements

» Resonators and block are linked by perfectly-bonded rigid surfaces

Beam finite elements

Boundary elements

Rigid plane
foundation
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Numerical simulation with a BEM-FEM model
Considering equilibrium and compatibility conditions in the
coupling, applying boundary conditions and reordering, the
equations describing the dynamic response of the system can
be written as

K., Ko 0 0 u’ g
Kbo Kbb C 0 llb o 0 1
0 HD -G. Ay o | M
0 H.D —-G. Ay ¥ o

where

» ¢ and b refer to BEM and FEM nodes in the coupling, and f and
o to the ones outside

v

u and f are the vectors of displacements and external forces
K = K* — w’M

D and C matrices defining the compatibility and equilibrium of
the rigid interface

v

v

and ¥’ the rest of BEM unknowns

v
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Agreement between numerical and analytical models

Isolated Resonator - X dir.

Isolated Foam Block - X dir.
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Q 0
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gnﬂ §n/2 H
{
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Agreement between numerical and analytical models

5 resonators
——

—— BEM-FEM
----- City impedance
N,
N\
‘\ 4

s,
S

|Ur/ Us |

5 sheets
All surface

argUr / Uy
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Agreement between numerical and analytical models

9 resonators

—— BEM-FEM
City impedance

9 sheets
All surface
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Agreement between numerical and analytical models

37 resonators

—— BEM-FEM
City impedance

37 sheets
All surface
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Outline

Conclusions
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Conclusions

» Multiple interactions phenomena exist and can be significant
» Physical, theoretical and numerical models are validated

» Signatures of the phenomena are identified

» Phenomena are robust (only 5 structures seems sufficient)
» Theory gives the key parameters to quantify the effects

» Application to strongly non-linear soil is out of scope

» Other configurations have been tested within the project

27297



Appendix



» Homogeneous and light :
p = 49%g/m’

» Elastic linear, isotropic and
soft: E~ 118kPa v ~ 0.1

» No need for a container,
clean, cheap, recyclable

» LxXBXxH =2.13mx1.76mx0.76m

» Aspect ratios :
L/H=28 and B/H=23

Foam block > TOtal maSS . 140 kg
(without the base plate assembly)

Base plate assembly -+
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Design of the edge rods

Foam block
with free edges

X Direction

Y Direction

200 o f=94TH

20-

o =818 Hz
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Design of the edge rods

Foam block
with edge rods

X Direction Y Direction

20- © =847 Hz

o 1,=936Hz

S 6 7 8 9 10 11 12 13 14 S 6 7 8 9 10 11 12 13 14

5 6 7 8 9 10 11 12 13 14
FUHz)

» 3 mm-diameter 75 cm-long vertical steel rods are adhered at 35 cm
centres around the periphery of the foam block

» Diameter and spacing designed to limit boundary effects
30/27



Design of the edge rods

Foam block
with edge rods

X Direction Y Direction

20 o =847 Hz

— Infinite layer

o 1,=936Hz

S 6 7 8 9 10 11 12 13 14 S 6 7 8 9 10 11 12 13 14

Infinite layer :
Ur 1

Ub COS (7%% )
V=T
fi = 9.36 Hzin X

fi=9.11HzinY
& =49%inXandY

s 6 7 8 9 1o 11 12 13 14 s 6 7 8 9 10 11 12 13 14
FOHz) FHz)

» Eigenfrequency and damping remain unchanged

» The transfer function Ur /U, is the one of a theoretical infinite

layer
y 30/27



Modal shapes

37 resonators

~" Top resonator - X direction

45678 910111213

VSui'fac‘e )‘(di‘réction‘i ‘

=51z 84
1o 6.7 H/ﬁ 10.=3Hz
S H H :
=5

10 20

-~ threv

045 6 7 8 910111213
AV

v

v

v

v

1020 30
iz, o) / wto)

1% resonance peak : oscillators in phase with layer

At surface antiresonance : oscillators in resonance

10 20 30
iz, ty) / iufto)

At both resonance peaks : usual wave-quarter shape for layer

2" resonance peak : oscillators in phase opposition with layer
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As the city gets denser 1 sheet
X direction Y direction A” Surface
15 1 15 n= 0.2%
6 7 8 o 10 1 1 S 6 7 8 9 10 1 12

10 1 12

8 9
f(Hz)

392/97



As the city gets denser 1 sheet
X direction ¥ direction All surface
5 . n=0.2%
Em : 5 sheets
o : All surface
0 } n = 1.4%
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w2
4
Q
5 & 7 8 9 10 11 12 5 6 7 8 9 10 11 12
J(Hz) f(Hz)
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As the city gets denser 1 sheet
X direction Y direction A” Surface
15 15 n= 02%
;EIO 10
:: 5 sheets
s s All surface
. n=1.4%
5 & 7 8 9 10 11 12 5 6 7 8 9 10 11 12
n 9 sheets
s All surface
" n=2.8%
P
ol
5 6 8 9 10 11 12 5 6 7 8 9 10 11 12
f(Hz f(Hz)
>
>
>
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As the city gets denser

X direction Y direction

1 sheet
All surface
n=0.2%

5 sheets
All surface
n = 1.4%

9 sheets
All surface
n=2.8%
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As the city gets denser

X direction

1 sheet
All surface
n=0.2%

5 sheets
All surface
n = 1.4%
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o

“
<
2
3
23
5
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8 9 1 1 12

9 sheets
All surface
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All surface
n=13.6%
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As the city gets smaller

X direction Y direction
15 1 15
':il() 10
=
5 1 5
0
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n n
=5 3nd 34
5 m w2
=
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0 1 0
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As the city gets smaller 37 sheets
X direction Y direction Ga thered
. ] . n = 13.6%
§10 10 ]
QSJ\\//\ 5
%6 7 s 9 10 11 1 5 6 7 8 9 10 11 12
n o
= 34 1 3n4
Q:;q ] »
LI 1 i
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>
>
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As the city gets smaller 37 sheets
X direction Y direction Ga thered
B ] 1 n = 13.6%
§10 10 ]
C5 & 7 8 9 10 11 12 5 6 7 8 9 10 11 12
n n 9 sheets
o
=5 3w 1 3n4 Gathered
Qim’l 1 2
= 4 1 4
a 1 Q
5 & 8 9 10 11 12 5 6 8 9 10 11 12
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>
>

33/27



As the city gets smaller 37 sheets
X direction Y direction Ga thered
B ] . n = 13.6%
C5 & 7 8 9 10 11 12
n n 9 sheets
=5 3w - 3n4 Gathered
Qimﬁ 1 2
= 4 1 4
0 ] 0 5 sheets
’ Fomy© " ’ Gathered
>
>
>
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As the city gets smaller 37 sheets
X direction Y direction Ga thered
1 ] . n=13.6%
C5 & 7 8 9 10 11 12 5 6 7 8 9 10 11 12
— 9 sheets
Gathered
5 sheets
Foy o8 Gathered
»
1 sheet
>
>
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Various distributions of 9 resonators

X direction Y direction
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Various distributions of 9 resonators

X direction Y direction

9 sheets
All surface
n=2.8%

5 1 15

9 sheets
Gathered

U/ Ul
> w s
: %
“
» s

=1 /4

=5 w2
Bo
3

i

0

5 g 7 8 9 1 1 12

f(Hz)

234/27



Various distributions of 9 resonators

X direction Y direction

9 sheets
B I All surface
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Various distributions of 9 resonators

X direction Y direction
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All surface
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9 sheets
Gathered
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Randomly
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City with two types of resonators 9 smaller
X direction ¥ direction ho =17.2cm
s . is
?10 1 10
) 5/\/\ |
05 f; 7 i; ‘; 10 1‘1 12 05 6 8 9 10 11 12
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E n2 2
o
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0 0
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City with two types of resonators 9 smaller
X direction Y direction ho =172cm
10 bigger

h, = 19.8 cm

(=)
)

[Ur/ U]
w =
5 =

5 6 7 8 9 10 11 12 5 6 7 8 9 10 11 12
n n
=5 34 34
5 om w2
Bo
3
4 i
0 0
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» £ oscillators eigenfrequency = # shapes
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City with two types of resonators 9 smaller
X direction ¥ direction ho =17.2cm
15 15
;; | 10 bigger
s 5 h, = 19.8 cm
05 (% "/’ é “3 10 1‘1 12 05 ("\ "/’ 8 é lb l‘l 12
x % 9 smaller
=5 a4 4 & 10 blgger
o - Periodically
[¢] 0
7 8 9 10 11 12 5 [ 7 8 9 10 11 12
f(Hz) f(Hz)

» £ oscillators eigenfrequency = # shapes
» 2 ANTIRESONANCES (like theory)
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City with two types of resonators 9 smaller
X direction ¥ direction hy =172 cm
15 15
;; | 10 bigger
s 5 h, = 19.8 cm
05 (‘3 7 8 0 10 1‘1 12 O5 6 7 8 9 lb l‘l 12
x % 9 smaller
=5 a4 4 & 10 blgger
Sw w Periodically
0 . | p 9 smaller
7 f:&( HZ) 10 11 12 5 6 7 fE( HQ;;) 10 11 12 & 10 b|gger
» £ oscillators eigenfrequency = # shapes Separately

» 2 ANTIRESONANCES (like theory)

» Quite the same no matter the distribution
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City with two types of resonators

X direction Y direction

5 1 15

=)

[Ur/ U]

LAUR. I

‘3 10 11 12 5 6 7 8 9 10 11 12

ki b /M,
SR

= 3nd 1 34
5 om 1 w2
o
® f 4

0 op—""

6 7 & 9 10 11 12 506 7 o 10 11 12
f(Hz) f(H )

» £ oscillators eigenfrequency = # shapes
» 2 ANTIRESONANCES (like theory)
» Quite the same no matter the distribution
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Videos

X direction - 37 resonators

100 11 12 13

8 9
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X direction - 37 resonators

84Hz

3

[Ur / Uh

X direction - 37 resonators
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X direction - 37 resonators
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Depolarization

37 resonators

15 X direction

S b Hz

~10 |
o i

%5678 om0nnn

Ydi tit
5 Erec ion

45678[350]II2]3

J(Hz

» X : Quasi-static

» Y : Quasi-static
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Depolarization

37 resonators

15 X direction
S 6.7THz
~10
2
=
s
0
4 5 6 7 8 9 1011 1213
15 Y direction:
=
s}
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—
=
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4 5 6 7 .8 0 11 12 13
e

» X: Resonance
» Y: Nearresonance
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Depolarization

37 resonators

X direction

45 6 7 8 9 1011 1213

Y direction

5

0

Ur/ U
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0
4 5 6 7 .8 0 11 12 13
e

» X : Near anti-resonance
» Y: Resonance
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Depolarization

37 resonators

15 X direction
S 84 Hz
~10
2
=
5
0
4 5 6 7 8 9 1011 1213
15 Y direction
=
=
~10
=
=
5
0

4 5 6 7f8<ﬁ250 112 13

» X: Anti-resonance
» Y: Not so far from resonance
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Depolarization

37 resonators

X direction

10.3 Hz

N

4 5 6 7 8 9 1011 1213

Y direction
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4 5 6 7 .8 0 11 12 13
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» X: Resonance
» Y : Inertial regime

37/27



Depolarization

37 resonators

X direction

12Hz

4 5 6 7 8 9 1011 1213

Y direction
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0
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4 5 6 7 .8 0 11 12 13
e

» X : Inertial regime
» Y : Inertial regime
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Depolarization

X direction
5

5Hz

h/

4 5 6

\ |/

37 resonators

6.7Hz 84Hz 103Hz 12Hz

.

7 8 9 10 11 12 13

]

f\%w\

I‘% 0 11 12 13

» frequency-dependent
» due to surface anisotropy
» Affects : direction, ellipticity, orientation
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o1 Table Table Table
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02
> T2 d)y/ ~ 72 d)y/xw 72
0.1 /
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o1 Table Table Table
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