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® What is the need for innovative isolation systems??

1) Large displacements imply large isolators...

2) Costly flexible connections for utilities...

A

3) Risk of mutual collisions and pounding for adjaéent'buildings...

The 1985 Mexico Earthquake The 1985 Mexico carthquake The 2011 Van carthquake (Ozmen et al.
(Anagnostopoulos 1988) (Johnmartin 2018, NCEI 2018) 2013, Aykutozdemir 2018)
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® What is the need for innovative isolation systems??

4) Vulnerability to near-fault and long-period ground motions, which
trigger resonance phenomena and amplify the displacements beyond the

design value
‘ critical excitation ?

critical excitation Z R | qt
critical excitation A

critical excitation C
: : critical excitation D

ags . . BE =B =B AT

critical excitation B |mm mm

|?| = = ==

] ==
nuclear-power

low-rise RC bld wood house med-rise RC bld base-isolated bld high-rise bld plant

' Mw 7.0 blind thrust earthquake. Science 1995; 267:206-211.

'‘Ariga T, Kanno Y, Takewaki I. Resonant behaviour of blase-1solated high-rise buildings under long-period ground
' motions. Struct Des Tall Spec Build 2006: 15:325-338.

‘Takewaki I. Murakami S, Fujita K. Yoshitomi S, Tsuji M. The 2011 off the Pacific coast of Tohoku earthquake |

. and response of high-rise buildings under long-period ground motions. Soil Dyn Earth Eng 2011; 31:1511-1528

D. DE DOMENICO , G. RICCIARDI — USING A TUNED FLUID INERTER FOR IMPROVING THE SEISMIC PERFORMANCE ...



@® Combined Isolation Technologies: BIS + dampers

Great Mosque of Algiers

\‘,‘

two horizontally adaptive

| hydraulic dampers

Rion - Antirion bridge, Greece & railroad brid:ge SG26, Greece 7

longitudinal dampers
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transverse dampers

transverse dampers
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@® Combined Isolation Technologies: BIS + SMA gap dampers

SMA gap damper (SMAGD) anchoring system

restorin\g spring ks

flexible membrane (no compression force)
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b & ) des 1
zero reaction force in compression
of the single SMAGD

Low-friction curved surface
slider (CSS) combined with
shape memory alloy (SMA)
gap dampers

De Domenico, Gandelli & Quaglini
(2020) Eng Struct 212; 110536

combined CSS + SMAGD

F

Flag-shaped hysteresis of SMAs provides
additional energy dissipation and stiffening
without implying residual displacements
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@® Combined Isolation Technologies: BIS + SMA gap dampers

3 repetitions of Campano Lucano earthquake 23/11/1980, ID287() ST23

Low-friction
curved surface
slider (CSS)
combined with
shape memory
alloy (SMA) gap
dampers

De Domenico,
Gandelli &
Quaglini (2020)
Eng Struct 212;
110536

sliding pendulum bearing

case-study structure
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@® Combined Isolation Technologies: BIS + SMA gap dampers

delayed engagement of hysteretic -
gap damper due to cumulative damage
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@® Combined Isolation Technologies: BIS + SMA gap dampers
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@® Tuned Mass Damper (TMD)

Taipei 101°'s tower: H=500 m; Mass TMD= 730ton
Resisted a 6.8 Richter earthquake

rrrrrr

Dampers
installed

8 viscous
dampers for the
TMD system
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@ Combined Isolation Technologies: BIS + TMD

Low-damping rubber bearings combined
with Tuned Mass Damper (TMD) at basement

De Domenico & Ricciardi (2018)
Soil Dyn Earth Eng 113; 503-521

PLAN VIEW OF THE BUILDING WITH IMPROVED SEISMIC PERFORMANCE  (GROUND FLOOR 0.00m AND BASEMENT)
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@ Combined Isolation Technologies: BIS + TMD

The structure is base isolated
and an additional TMD is Low-damping rubber bearings combined

located at the basement of the with Tuned Mass Damper (TMD) at basement

il De Domenico & Ricciardi (2018)
bUIldlng (tO reduce the Soil Dyn Earth Eng 113; 503-521

displacement demand and
improve the seismic
performance)

|}

Low-damping
rubber bearings = i
installed above the ground floor ———‘\/
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@ Combined Isolation Technologies: BIS + TMD

Simplified 3DOF model The dynamic
m (i +ii,)+cai, +ku, =—mii (1) < parameters are

M, ii, +m_ii_ + ey, + kg, —c, (11, — 11, ) =k, (1, =1, ) = =M, ii_(f) evaluated by ad-hoc
il + Gy + Ry, = ¢ (it =iy ) = K (0~ ) T developed FE models!!

m,ii, +c, (i1, — 1, )+ K, (1, — 11, ) = —mji, (1)

T >'£L5=’U,}.,+Usr Lmr
superstructure._[ | Mg T superstructure :
SDOF - |
auxiliary : :
lead-core rubber k'S,(‘{, | |
isolators ki, c; ; -
b>fu |
g B I
rﬁ;;gﬁ;ﬁ;éng = . my, g }‘Lllﬁe dgéﬁgigim? i base-isolation floor |
isolators ky, ¢, — == == below isolators
e i i S P Dl il .
ke Mathematical
| ﬂ m T TR model?
large-mass —
TMD at basement Lo
low-friction flat slides Ug m MM“"'“'
{
;}b — & ;}t — gk - Deformability of the first-floor columns is
ke, + K, ko + 1k, incorporated in the simplified 3DOF model

in the limit case as &, — o and &k, — o one has k, =k, and k, =£,
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@ Combined Isolation Technologies: BIS + TMD

Modal analysis of the base-isolated structure + TMD

<—
translational mode of the TMD (along Y)
BIS is almost at rest torsional mode of the TMD (rotation about Z)
BIS is almost at rest
T, =4.54s, M, =44%,M, =0%M,,=30%  T,=4.54s,M, =0%M, =44%M,, =0%  T,=3.94sM, =0%M, =0%M,, =1%

=

translational mode of the TMD (along X)
BIS is almost at rest

<«—— BIS
™D ——

translational mode of the BIS (along X) translational mode of the BIS (along Y) _ ;
with TMD out of phase with TMD out of phase torsional mode of the BIS (rotation about Z)
with TMD out of phase
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@ Combined Isolation Technologies: BIS + TMD

fixed-base building

----- base-isolated building

base isolation with TMD at basement
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@ Combined Isolation Technologies: BIS + TMD

100.0 [ Base-isolated building BIS+TMD at basement
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@ INERTER

Introduced to complete the force-current analogy between electrical and mechanical networks

_ _ Smith (2002), Chen et al. (2009)
Mechanical Electrical u,
F E ) ) . .-
=] l_( 5 J = 1— S P :@) b
A R C A B R A AS = F=bju; —)
v Vi g 2 &
i
%: =k v) Spring | ot ~ (v Inductor
. - 1 Inertance

F i i - -

. . V(s)=bs | e . Y(s) = Cs dimensions of mass [k

| |_| | Vo | | vy ( [ g])

Vo V4 e dimethy]l silicone oil
F= b% Inerter | j= C—d(vzzz’t_ v1) Capacitor i

. § i ball screw

E.._:Ij_.ﬁ Y(s)=c ’»0—|:|—0—’> Y(s) = % current «  force (v

|‘72— |‘71— E : voltage <«  velocity o r ——— 7
F=c(va—v) Damper i— 1ﬁ(V2_ Vi) eisiar electrical ground <  mechanical ground s nl o]

Mass amplification effect increased by
rotingDisk _ @djusting the gearing ratios (traslational
to rotational inertia conversion)
'ywheel”™
(c) .
Inerter presented in
Ikago et al. (2012), Earth. Eng.
Struct. Dyn. 41: 453-474
t
u m;(\)/eifl}ént u ) MaSS . 2 kg
@) @) el ;;_2 Inertance (apparent mass): 350 kg
terminal 1 © ) terminal 2 b - mf 5 > . _
lincar movement For \ izl Tpi Mass amplification = 175
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@ INERTER

The inerter, under the name of J-damper, has been employed in the automotive
sector for Formula 1 racing car suspensions (MclLaren)

Kimi Raikkonen at the Spanish Grand
Prix 2005 driving the McLaren MP4-20
to victory on the first racing
deployment of the inerter

J-damper: inerter unit installed in series with damper
with centring springs. The inerter is tuned to the tire
natural frequency to maintain maximum tire contact
patch area
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® TUNED MASS DAMPER INERTER (TMDI)

Exploiting the inerter to improve the performance of vibration absorbers /
TMDs without implying enormous masses!

ms ; HE,;“ s structural SDOF - Ms . ’Us'; o structural SDOF | Mis , Hs&usr
1% ' i large mass ks ' : . . ke ' i
e s F<big R
. Z\TMD - 2L 2TMDI . -
I al s et 0 Ko
— — VA ] ! AN~
Ekh!cb E ?;}t (J kt Ekbﬂcb E D2 fonl kt kb?ﬂb E
)‘7//////////// S S S ///////(//////// /I
a b) c) limited mass
————— s INERTER + TMD
l Y J
u,
> F TMDI
. @«—  Tuned Mass
Fo . Damper Inerter
—>e
Traditional TMD Inerter
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® BIS + TMDI

SPI; min (displacement criterion)
SPI; min (acceleration criterion)

SPI3 min (filtered energy criterion)
SPIL; min (hysteretic energy criterion)
SPI; min (structural damage criterion

TMDI

S pEH4qO0

The TMDI system is more robust
than the TMD to variations of the
system parameters (e.g.
reductions of hysteresis loops,
degradation of effective stiffness,
reduction of friction coefficient

> due to cycling effects, etc.)

Moreover, the TMD stroke is
significantly reduced

De Domenico & Ricciardi
Earth Eng Struct Dyn, vol. 47(5) 2018
Earth Eng Struct Dyn, vol. 47(12) 2018

— TMDI stroke
—-—=-=TMD stroke

0.8 A 0.4 L=
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— BI with TMDI (P, = 0.4, u;, = 0.05)
5000 [ —-—-- BI with TMD ' ' 1
---------- BI building (uncontrolled)
2500 - = i3

isolators' stroke

20 25
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t[s|
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| L I

. FLUID INERTER external helical channel Helical tube co-axial to the cylinder
8 o pRilRRRdhe
Similar technology to fluid- | R pipe
- . ! cylinder Z"‘_ |_ clamp
viscous dampers (piston- :.
. .. N Ty I — helix
cylinder mechanisms) i
piston” | |
piston rod ' v\
The linear motion of the piston \A\A\A\A\A\é\é}_\%\é
conveys the fluid in an external h
helical channel, which produces N e 2
rotational inertia of a fluid mass - ~— v '
Piston Q Tube area
Rod ~ &
Swift et al. (2013) Int J Contr. 86(11) Cylinder ”
Glover et al. - Int. Patent 2009
Gartner & Smith - Int. Patent 2010 e :d"‘ adfus
~_ Dynamic viscosity [Pa s] _ @
Fppw =b%  with b=— 0l {ij etical
1+ (h /27y ) Tube
Lo . 0066410702704, 175 a7 my, = p LA, Fluidmassin helix
Fy peicat =€ X with ¢, = 125 (? A = yz'rz Helical area
3 2 Mass density [kg/m3] 2 32 ,
A1 /o 4 2 A = 7(r; —r") Pistonarea
Fy e =, %" with ¢ =0254p, | - F, e =6X withe, =054,p | —
AQ Az F = F It + Fd ing,tot
F - pe2rn L Darcy’s formula for smooth terter AMPpINg, o
shear - X H
Ar pipe and turbulent flow
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| L

@ FLUID INERTER " external helical channel i
K?\?\?\M\?\N\?\ TT Fe N
Advantages over mechanical inerter: cyider 271 -T T T clamp
1) Piston-cylinder technology is widely T *i _— b helix
used in earthquake engineering; pistor, rod piston”

2) Reduction of backlash, ratcheting \A\A\A\A\A\A\A\A\Q

. .
and other friction phenomena u! b Im ST T mmmmm--------
fluid inerter {} I fluid inerter I
typical of mechanical gears; complete model  simplified model b |
! |
3) Besides inertance, it provides a " I ,
(parasitic) damping due to the o— —O l e I
. . ! I
pressure drops in helical channels o , I
) ;Zﬂ Clo 1 linear merter—éiqnlmeaérhdlashpot I
(can be properly designed!) o arramgecmpaTaTe”
F T T T 1500 ‘ T T
=Fdarulfi[1g:wt = complete model Negative stiffness
4 helical 1000 F = e - = -simplified model| 4 (force proportional to
‘F»I—in]P.t. simplined modae -
10% F|[COE, outlet 1 S-S acceleration)
7 10% Fhear ] =3 500 |
= =
o 107} 1 o Of
= ] =
S 10} 1 € gt
10° F 1 : ; :
_1000 | frequency 1.5Hz Nonlinear viscous
10 “ “ 1 amplitude 50mm damping (power
1 0_2 |_| H —| 1500 max VellOCIty 470Imm/5 | | | law with exponent
02 04 06 08 1.0 006 -004 002 0 002 004 008 7
piston velocity #|m/s] piston displacement z|m]

Fluid inerter data reported in Glover et al. — Int. Patent 2009 subjected to imposed sinsoidal motion
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@ FLUID INERTER

Geomefrical and physical parameters of the
tested fluid inerter device.

Symbol [units] Value

ri[m] 0.014

ra[m] 0.025

ro[m] 0.006

rq[m] 0.120

h[m] 0.03() €— pitch of helix
ny|dimensionless| ] €— coils

Pf [kg/m3] 802 } silicone oil
r[Pas] 0.00168

Experimental tests at Dept. of Mechanical
Engineering, University of Sheffield, UK

De Domenico, Deastra, Ricciardi, Sims, Wagg (2019)
Journal of the Franklin Institute 356; 7626-7549

Simplified model is accurate enough to capture
the experimental data...

- The most important contribution to damping
is due to the pressure drops in the helical
channel, other terms can be neglected (shear
friction, inlet, outlet, ecc.)

testing frame

K

cyIindgr

load cell
(fixed end)

yd raulic

M actuator

helical channel

i with 7 coils

1500

---------- experimental data
complete model
- = -simplified model

1000

500

force F'[N]

-500

-1000 i

202 204 206 20.8 21 21.2

time ¢ [s]

amplitude 17.5mm, frequency 3 Hz

21.4 21.6
Idealised model
b
U
o— —0
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@® BIS + TUNED FLUID INERTER (TFI)

De Domenico, Ricciardi & Zhang (2020)

Soil Dyn Earth Eng 132; 106099

I Section A-A me six-storey building |
! |
Pl i . 5 m . 5 m 5 m : . 1
an view g . 1
o | —— o 0 A Lm primary
| ] o . [ s =SS 1
| : : | D FP isolators | g Structure |
: : : : . linear mstorin% e my I
= | - Ty - ! elements I R ———————— R —— R ———=S———— 1
v I I . I e !
| 1 ! | |:| fluid inerter | o me 1
] i 1
| ] | | ————  —— —~  — ——  ___  ________||
[ ___D_ ______ _ﬂ___ 1--—--0 I-—-workimdircc:t.]on = !
i | | | of fluid inertgr - my :
: : : : ’ bi~directional .l-u'_ler e — 1
o | | T g 1
3 LA > AN | L . .
o | | i | | o g i
. : near |
I N ! | rigid planar | [ [ oo o o = = I restoring
: ! ! | steel frame | E r Tigid planar Jeme lo I
‘ o 1 el fr clements 1
D SR . V4 _m_ . Vg - _D_ ) [ VA U (diaphragm L my, steel frame ! (low-dampingl)
A J ' 1A behavior) B ______ I
1 |
q\ | , . T Sy ,
= | | |
3 ' : = : ' _ I - Ty FP isolators
| I I | base mass
: | | / 2
1 | . .
I unidirectional gdide I| stiff link

L1 displaectiient prevented fluid inerter

Splacement allowed bi-dirdctional roller

Exploit the inertial and
damping properties of the
fluid inerter in combination
with base-isolation system
(e.g. FPS bearings)

Frpg =k, + f W, sgn(u,)

Introduction of an [
auxiliary set of low-
damping rubber
bearings to connect
the structure with
the fluid inerter >
tuned fluid inerter

ae . 1175 .
Fyy =bii, +c)" [ir,| " sgn(ir,)

ground-motion acceleration

D. DE DOMENICO , G. RICCIARDI — USING A TUNED FLUID INERTER FOR IMPROVING THE SEISMIC PERFORMANCE ...



@ BIS + TUNED FLUID INERTER (TFI) ol Do B B 106058 (2029

OPTIMAL DESIGN OF THE FLUID INERTER PARAMETERS

o +4C 20l @’ X 0.141¢ i’
S, (@)= — %1% @ S, withs, = 221l

(mg—mz)z+4§’gza)§a)2 (a)t?—a)z)2+4§’fa)f2a)2 a)g,fl+4é’g2

Kanai-Tajimi + Clough-Penzien Der Kiureghian & Neuenhofer (1992)

Soiltype @, (rad/s) &, o, (tads) &,

firm 15.0 0.6 1.5 0.6
medium 10.0 0.4 1.0 0.6 Y e
soft 5.0 0.2 0.5 0.6 Vibration
and
firm soil (broad-band excitation) Statistical

- medinm soil Linearization
=====s0ft soil (narrow-band excitation) |
- = = white noise (extremely broad-band excitation)

J. B. Roberts
and

0 5 10 15 20 25 30 35 40 )
w Stochastic
FPS linearization technique

F

FPS beq
SL id 1 -
Foy =bii,+c, i, fluid inerter i@ > @: E[au’ ] = J o’Hy(0)S, (0)H,(0) " do
G _ input-output

=ku, +c

Osgn(it, ) 2 1 relationships in

Coeq = SVt E [Tb} w,_E [25 (ub )] oW ; — FPS ZI:; f;?':]uency
b .@
—
2. ?5 -
El|e | ] 2VT(1.875) o073 Iterative
c .= ———=c" =1.3952 c fluid nerter
p.eq P E[ i ] P _\/; t procedure

p—
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AR

OPTIMAL DESIGN OF THE FLUID INERTER PARAMETERS | =b/M
. N, NL _ _NL 3
minOF(0) s.t.0,<0<0, 0= [ﬂ,;f]/ &N =2k M, TTTTTTTL

| firm soil - medium soil — — - soft soil —o— white-noise excitation‘ —_—
6 0.3 1.2

i 5 0.25 1 Mb
FYvVVY 4 vy 08
vvvvzvﬂ S, 02 vvvv"vvwvwv, “1 Tos )
- 28 - . 0.
v - o 015977 -7 i o— —O
VL1 2 Pie 04
-~ -
4 01} - ;Zz
1 0.2
o NL
a=1.75
0% 0.05 0 o ( )
02 06 10 14 18 22 02 06 10 14 18 22 02 06 10 14 18 22 02 06 10 14 18 22 .
K=k, /K, K=k /K, K=k /K, =k /K, Depending on
0.6 1 0.8 1 H
the soil
0.5 0.7 0.8 aps
0.8 : : conditions
0.4, 0.6
2 B P = ~086
o - 3 k-1
E03 4506 05 oo, Vo,
02 o4 0.4 ey,
0.1 ' 0.3 ST 0.2
0 0.2 0.2 Bl 0 =
02 06 10 14 18 22 02 06 1.0 14 18 22 02 06 10 14 18 22 02 06 10 14 18 22
xk=k 'k, K=k Ik, K=k Ik, xk=k 'k,
displacement-based design --m-- acceleration-based design —o— energy-based design —_—
1 3 0.6 1
0.5
a4 i 0.8
i Depending on
4 03 — - -
06 the objective
0.2 -
Saasasssnnasanny I e function
0 0.1 0.4
02 06 10 14 18 22 02 06 10 14 18 22 02 06 10 14 18 22 02 06 10 14 18 22
K=k Ik, K=k Ik, K=k Ik, K=k Ik,
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@® BIS + TUNED FLUID INERTER (TFI)

De Domenico, Ricciardi & Zhang (2020)
Soil Dyn Earth Eng 132; 106099

(IR AR ANE
OPTIMAL DESIGN OF THE FLUID INERTER PARAMETERS ﬂ =h/ M
. _ NL / — NL
minOF(9) s.t.6, <0<0, 0=[5.¢"] ¢, =¢, / 2x/"° My eorerestal
——fy, =002y fy = 0.08 = — - f, = 0.04 —o— fy, = 0.05 —-m-- f;, = 0.06] @
0.6 0.6 0.6
0.5 0.5 .._..lll' 057t b
0.4 04 ,...-"'"'H 04} i
Q:é* 0.3 Zos M g 03} o— CN
0.2] 0.2‘;;vwvwvww‘“’“w=’ 0.2}
. - _'—-_—-___—_——_—_—__- . I
0.1 0.1 0.1 ; e H(a=1.75)
%‘2 06 10 14 18 2.2 02 06 10 14 18 2.2 GCl.2 06 1.0 14 18 22 %.2 06 10 14 18 22 -
K=k /k, K=k /K, K=k /k, K=k [k, Depending on
07 the friction
0.6 I, - =
05 coefficient of
w 0.4 the FPS
© 03
0.2
0.1
0
02 06 10 14 18 22
x=k /k, K= kt/
1.5 / / 1.5 \ \
125 | 8o § \ = 1.25 E -
- Al .' & | Sensitivity
= 2 & = iati
> 0.75 e Z 075 variation of
S system
05 075 1 125 15 15 05 075 1 125 15 parameters
B/ -ﬁuriginal orlgmd,l fo/h b,original —
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25 , , , . , . , 4 , . , . , . ,
FEMA P695 far-field record set FEMA P695 near-field record set
SEISMIC PERFORMANCE 2| ]
3 -
44 records (unscaled) 56 records (unscaled) Synthetjca//y
100 acce/efogfams ffom = 15T e median RS (unscaled) ) e median RS (unscaled) £
FEMA P6_95 d Z_ @ m median RS (scaled) % 2 mmm median RS (scaled) | represents the
recorda se E I & pulse duration
44 far-field 1] | of the ground
. 0.5 E ] .
56 near-fault of which 28 //J& motion
pulse-like and 28 non-pulse 0 0
05 1 1. 2 25 3 35 4 05 1 1.6 2 25 3 36 4
Ts| T'[s]
§ __ \4
-~ ~ ) PEER i . . PEER ) o e
6 StOfy St UCt ure T.«;l ~0.50s Record NGA RSN Event name Type PGA/PGV (1/s) | Record NGA RSN Event name Type PGA/PGV (1/s)
m. =...=m. = 1000001(8' 1 68 San Fernando FF 10.8 (26 723 Superstition Hills-02 NFP 39
1 6 2 125 Friuli, Italy-01 FF 11.1 27 802 Loma Prieta NFP 6.7
kl = .. = kﬁ = 270MN/ m 3 169 Imperial Valley-06 FF 10.4 28 821 Erzican, Turkey NFP 5.0
. . 4 174 Imperial Valley-06 FF 8.8 29 828 Cape Mendocino NFP 7.5
base—/SO/ a te d wi. th F P 5 5 721 Superstition Hills-02 FF 7.6 30 879 Landers NFP 5.5
@, = fb =0.04 6 725 Superstition Hills-02 FF 12.3 31 1063 Northridge-01 NFP 5.1
. i 7 752 Loma Prieta FF 14.9 32 1086 Northridge-01 NFP 5.8
auxiliary /0W-damp/ng 8 767 Loma Prieta FF 12.3 33 1165 Kocaeli, Turkey NFP 7.2
H 9 827 Cape Mendocino FF 12.3 34 1503 Chi-Chi, Taiwan NFP 6.3
rUbber bearlng S 10 848 Landers FF 9.7 35 1529 Chi-Chi, Taiwan NFP 2.7
k=08 £, =0.1 1 900 Landers FF 46 &6 1605 Duzce. Turkey NFP 6.4
12 953 Northridge-01 FF 8.1 37 126 Gazli, USSR NFNP 9.8
13 960 Northridge-01 FF 104 38 160 Imperial Valley-06 NFNP 16.8
14 1111 Kobe, Japan FF 134 39 165 Imperial Valley-06 NFINP 9.0
15 1116 Kobe, Japan FF 6.2 40 405 Nahanni, Canada NFINP 264
- 16 1148 Kocaeli, Turkey FF 55 41 496 Nahanni, Canada NFINP 12.7
Op t/ma/ p arameters Of the 17 1158 Kocaeli, Turkey FF 6.0 42 741 Loma Prieta NFNP 11.2
fluid inerter from the 18 1244 Chi-Chi, Taiwan FF 3.8 43 753 Loma Prieta NENP 11.0
) ; 19 1485 Chi-Chi, Taiwan FF 12.8 44 825 Cape Mendocino NFNP 11.7
Op tlm/zatlon p rocedure 20 1602 Duzce. Turkey FF 12.9 45 1004 Northridge-01 NFINP 10.2
ﬁ =0.372 fNL .= 0403 21 1633 Manyjil. Iran FF 9.2 46 1048 Northridge-01 NFNP 7.7
opt 7 PP 22 1787 Hector Mine FF 8.0 47 1176 Kocaeli, Turkey NFINP 4.2
23 181 Imperial Valley-06 NFP 39 48 1504 Chi-Chi, Taiwan NFNP 6.0
24 182 Imperial Valley-06 NFP 4.1 49 1517 Chi-Chi, Taiwan NFNP 9.9
25 292 IIBinia. Ttaly-01 NFP 6.7 50 2114 Denali, Alaska NFNP 2.6

T Each event collects two distinct horizontal components; FF: far-field record; NFP: near-field record with pulse; NFNP: near-field record with no-pulse

D
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|

displacement-based design —-m-- acceleration-based design —o— energy-based desi gn|

SEISMIC PERFORMANCE ! 3 08 1
0.8 0.5
100 accelerograms from Cos i oat ;
'i : = w o
FEMA P695 record set < o4 00000091 22 €, Mﬂ
44 far-field o 1 o ggo00
. . arie. | P ‘OBsogm — . 088 oo 0 o-0E-E O 08 B e
56 near-fault of which 28 [Tetmmssassg | ghfensencessas o o
,DU/SE’-///(E and 28 /70/7-,DU/5€ 02 0.6 1.0E1,4 1.8 22 02 0.6 1.0N1,4 1.8 22 02 06 1,0&1.4 1.8 22 02 06 1.0 n1.4 1.8 22
{,ut —0.005 TMDI e TFI
Reduction of disp, : ——c : : - = —
IDRs an d ﬂOOf ‘—c—structurc with FPS —a— with FPS and TMDI|—— with FPS and TMD —— with FPS and TF‘I‘
acce/eratl'ons sl .far- field lrecord se‘lL 5 far-field relcurd set | 5 f‘ar'- field recorcll set
?5 5 g 5 g 5
Better 4 4 L4
performance %3 z3 23 average
than TMD with 2 2 2 MAX
miich higher 10 6 0.7 0.8 E}IQ 1 1 0 0 (.35 0.1 10 1 0.2 ) 0.3 0.4 V?_fl]uets for
. . . . . . : . . . . e two
mass (20 times MAX normalized displacement MAX IDR [%] MAX absolute acceleration [g] L_ itati
higher!! excitation
nearl—ﬁeld recor(i set near—lﬁeld recordlset near—lﬁeld recordlset C|asseS
_° _° | _© (far-field
g ° g S g 5 VS near-
For near-fault % ° » g 4 field)
ground motions % 3 @3 @3
2 2 2
TFI better than 1 1 1 Upeq>40%
TMDI 0.4 0.6 0.8 1 0 0.05 0.1 015 02 025 0.3 035 | aCCeq>30%
MAX normalized displacement MAX IDR [%] MAX absolute acceleration [g]
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. D ES IGN OF FL U ID INERTER De Domenico, Deastra, Ricciardi, Sims, Wagg (2019)

Journal of the Franklin Institute 356; 7626-7549

%108 105
3 T T T T 6
TARGET INERTANCE LT |
b = 452,380 [kg] 25| 006641 p) T eA, (A,)”S 5|
35 - b = 452380
TARGET DAMPING | -~ | : S |
NE=1737,760 [N(s/m)" "1 | & B
E’: 151 e LR LS . —->» ﬁm 3Ir - et —=> 1
Target parameters from the = from 0.04 to 0.06 from 0.04 t0 0.06
optimization procedure = 1 N | Sooo ]
05 F 1 Mipep ( )
l + (h/znr-'l) ry = 0.357
00.2 0.25 0.3 0.35 0.4 0.45 0.5 0.55 00.2 0.25 0.3 0.35 0.4 0.45
| L 72 [m] 7y [m]

external helical channel n,= (L - 2!3 ) /2 I3 ) .
K?\ AR QAN ﬁ’\JF T Fe @ inertance and damping are
T <

P h=2r two coupled parameters that
cylinder 75 e —0.357  depend upon radius of helix
] Iqg = Iy — - ) .
_________________ e L °| d — 4 (f2+”)|k| 005 and piston (A, A,) in a
o : gap between cylinder and 73 — V-Y- complex manner...
’ helix (fixed to 6 cm) use of design graphs

\3 \é\é\é\é\é \A\A\Q 1000 facilitates the task
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® CONCLUSIONS .
O Mechanical inerter “
. Selectively modify the inertial properties of the structure without
implying increase of seismic force (relative acc., not absolute!)
. Can be used to improve performance of TMD systems (TMDI)

. Can be used to improve performance and increase structural

robustness of base-isolation systems
28988208999

O Fluid inerter

TEULUTe besl
Same advantages as above, with the following additional considerations:

. Technology widely used in earthquake engineering (piston-cylinder)

. Better performance compared to mechanical inerter for pulse-like

ground motions due to the parasitic damping

?

%j‘  Inertance and damping are coupled parameters, which complicates

N

the design of the device (use of design graphs is convenient)

D. DE DOMENICO , G. RICCIARDI — USING A TUNED FLUID INERTER FOR IMPROVING THE SEISMIC PERFORMANCE ...



® ONGOING WORK

VALIDATION OF THE NUMERICAL WORK AGAINST EXPERIMENTAL
EVIDENCE ON A REAL-SCALE PROTOTYPE IS DEFINITELY REQUIRED!

Laboratory CERISI, University of Messina, Italy
Full-scale 3D tests of isolators, and dissipation devices

Vertical Longitudinal Transversal
Force 16000 kN +3100 kN +1400 kN
Displacement +35 mm +550 mm +375 mm
Speed 55 mm/s 1100 mm/s +1100 mm/s
Rotation angle +2° +2° +2°
Data acquisition rate 4 kS/s 4 kS/s 4 kS/s
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