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Isolation System Steel Damper
Equipment Isolation Viscoelastic Damper

Periodic Foundation Viscous Damper
Research
Overview

on passive structural control at
NCREE




Triangular Added Damping and Stiffness yap
(TADAS) Devices (Prof. K.C. Tsail smce 1990’5)
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NARLabs
Fubong Building in Nanjing Bast ROad
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Buildings with Steel Panel Damm
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Seismic Design and Tests of Joipiin the
BRB in the RC Frame

Buckling Restrained K-Braced RC Frame
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Applications of Weled End SIoWBRBs

® 7 fabricators licensed in Taiwan

® More than 5,000 WES-BRB:s installed
in more than 50 buildings

® Grayson Engineering in NZ is licensed

v" Reliable unbonding mechanism
v" Excellent seismic performance
v" Cost-effective fabrication

v Compact and stable end
connection
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New Zealand Society for Earthquake Engineering Conference,
Wellington, NZ; April, 2017.
-

Speaker/Engineer: AnthonyTaylor







Hybrid simulation of 2 oo sl
S identification
steel panel damper s (PI) using the
. O — aradient-based

substructures in NCREE + methiod

(2 O 1 7) -100 -50 Ocemeg? (mm‘l)OO

Numerical Physical Substr iliary Numerical

Substructure (NS) + (PS) odel (ANM)
Recdex Elements

1. Update numerical models (8 SPD in 1F and 2F)
2. Update the 12 x12 stiffness matrix (Kt) via static condensation



Viscoelastic Dam Per (Prof. KC Chyang since 1989)

1991 1998 B & B 4 AR R E2 P 0]

Effect of ambient temperature

TRENSE ~ FFEH - FEIAZK
Chang K.C, Soong TT, Oh ST, Lai ML B

8 ™
Wi BN 50 = :
. ﬁf Aﬁ%g' N e 2001 Modal strain energy method
1 993 TREISH ~ 2555 ~ RN - BREIG
Design procedure for 2003  High mode effect of buildings with
damped structures viscoelastic dampers
Chang, K.C, Lin YY, Tsai MH, Hwang, JS

Chang KC, SoongTT Lal ML Nlelsen EJ 2

: :

— Present Full-scale viscoelastic dampers
== beyond design deformation
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Example of Application
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Motivation

VE dampers are often designed to remain intact
(< 300% ~ 400% shear strain) under design basis shaking

D

What is actual performance, or any damage under...

Maximum considered or
stronger ground shaking

Aftershock

d = ol

Damage, if any

0« X3 Department of Civil Engineering
m* National Taiwan University 17




Force (kN)

Test Results
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Viscous Damper (1997~)

2009 Mitigation of micro vibration
1 997 Chang KC, Lin TK, Chen CC, Lin CC

Displacement based design procedure
2000
Seismic retrofit of existing building

Chang KC, Hwang JS, Wang SJ, Huang YN, Chen JF
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Datarming max. roof digp., u,_,

daln,. Present Smart Nanofluid Damper
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Conduct pushover analysis for
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GCompute aquivalent parod T,
and equivalant damping £,
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Can be easily adjusted
via nanofluids and
damper sizes
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Force (KN)
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Properties of Nanofluid Damper

For seismically isolated buildings For bridges

E Prevent dampers from
—L leakage under dail
I temperature ation

Small dampirig can activate

Isolation performance under

minor earthquakes
1

Force (KN)
Force (KN)

Large damping can
suppress displacement

_ Dissipate seismic
under major earthquakes

energy as desired

Velocity (mm/sec)

Velocity (mm/sec) 20



Propertles of Shear Th|cken|ng Fluid

Fumed silica particle  Polypropylene glycol
(Nano-scale) (PPG)




Force{kN)

Full-Scale Nanofluid Damper Test
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Seismic Isolation System (~1994)

1994 First seismically isolated bridge 2004 Seismically isolated bridge under
2004 in Taiwan: design & performance near-fault earthquake

KC Chang, J Shen, MH Tsai, GC Lee.

2005
Mid-story seismic isolation design
TREQSH ~ JEMSE - B - IEE - MEE - tsE

Chang, K.C., Hwang, J.S., Yeh, M.H., and Chen, C.C.

2003~
Sloped Rolling-type Seismic Isolator

Chang, KC, Wang RJ, Ou YC, Lee GC, Wang SJ, Lin WC, Yu CH

Present

Building mass
damper design

SREUSA ~ L[5 ~ PAAe) - BRI -
fE ~ B - FERrT - FeE




Motivation of

Sloped Rolling-type Seismic Isolators

Performance-based Design

Important
equipment &
facilities

Structures



Sloped Rolling-type Seismic Isolators

Sloped Rolling
Surfaces
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Generalized Equations of Motion

M

@
I____/. HJ

Static Condition

M(%, +%,)
iifgﬂ M(,

Free Body Diagrams

%17 4(M+ml)

Dynamic force and moment equilibrium
+ Compatibility conditions

Nine variables are solved using nine

equations

Neglect m,/(M +m) | Exact Sol.

developed analysis programs
—(cos@, +cosb,)

2F, '
2(M +m, )1+ cos(6, —6,)] 2 sgnls)
+(M +m, )[)'c'g (cosé, +cosb, )+ (g +Z, Xsin 6, +sin6, )sgn(x, )]}

x1=

Neglect higher order terms of ¢ and ¢, ,
as well as z, - .
Simplified Sol.

most commercial computational tools

(= (0000 (i) (01 4 m lsin, + s senls |-
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Hysteretic Model

(Features)

Force (or Acceleration)

Pounding Prevention Mechanism
an arc rolling range with a fixed curvature radius

\C}/

R

Twin-flag Hysteretic Model

A Built-in Energy Dissipation Capability
suppress excessive displacement responses and stop rolling
motion during and after excitation

4

>
Displacement

Constant Acceleration | "“ ||| ””

zero post-elastic stiffness, no fixed vibration natural period,
maximum horizontal decoupling

Gravity-based Self-centering Capability

~_%
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Experimental & Numerical Results

Acceleration (g)

Displacement (mm)

o
)

S
p—
1

O

1
S
[E—

I

o
[\

R2=0.84

10

100

20
Time (sec)

30

40

R2=0.96

20
Time (sec)

30

40

epartment of Civil Engineering
ational Taiwan University

Acceleration (g)

0.15

&
—
I

o

S

()]
T

— Numerical prediction
----- Test result

-50

0 50
Displacement (mm)

100

28



OPalbiiEE 7|‘ T‘fﬂ?

0 S S

o | ]
%%&METEWEMJ




Seismic Periodic Foundation (Joint Research with
Houston University)

Structure with conventional Structure with periodic
base isolation foundation

30



Basic Concept

Different types of Phononic Crystal
developed in solid-state-physics

Typical Dispersion Curve
1.0

0.8

ﬂﬂﬂﬂﬁ.ﬂﬂ

& 06 B ceooooo |
5 Wave propagation with frequency
% 0.4+ within the frequency band gap
: THITTEE
i P EIRHIE R
' Wave propagation with frequency
Wavevector, k outside of the frequency band gap
Wave Dispersion Frequency

Equation > Relation > Band Gaps =



Applied to Civil Engineering Field

Critical facilities

e.g. nuclear power plants (NPPs) -
and high-tech factories i = "'I
—_— e
. " 1D Periodic Foundation

Cove cylinder

o)}
O . YI

o =
O X
& 0O { 2D Periodic Foundation

: Periodic Foundation

Seismic 9 %
L)

Wave

Materials: Concrete, Rubber N 3D Periodic Foundatlcgn



Parametric Study

1D Periodic
Foundation

* Rubber material properties
(Young’s modulus, density, and
Poisson’s ratio)

« Concrete material properties
(Young’s modulus, density, and
Poisson’s ratio)

« Geometric properties (Rubber-
to-concrete thickness ratio)

» Cross section sizes
* Number of unit cell
« Combined unit cells
« Damping

3D Periodic
Foundation

« Material properties (Young’s
modulus, density, and Poisson’s
ratio)

» Geometric properties (Filling
ratio)

* Number of unit cell in horizontal
direction

* Number of layers in vertical
direction

« Damping

33



Design of Specimen with
1D Periodic Foundation

Designed structural system
1750 kg additional mass Designed periodic

uniformly distributed on the

roof foundation unit cell

8500 kg
additional h; =6cm
;‘:-:;?gnl:::d on h.;=6cm
the floor
h,,=4cm
h.,;=5cm
: I h,;=5cm
Concrete base
Frequency response function (FRF) Theoretical frequency band gap
100 Transverse wave (S-Wave) 50 Transverse wave (S-Wave)
Theoretical band gap FRF =20 1Og(50m /é‘inp) : - :
— Top foundation/Superstructure floor
5o, | —Roof | where: ~*[ 2 Frequency band gap |
o) St = amplitude of output disp < 5o 21.44-50 Hz
E | 8,,, = amplitude of input disp f,c’:,zo_ - -
o & | 1stFrequency band gap
If FRF = -?O, the vibration 10} 6.12—20.34 Hz ]
response is reduced to 10%. —
0

0 10 20 30 40 50 -1 -ol,5 0 0.‘5 1
Frequency (Hz) Wave number k (x/h) 34



Fabrication of 1D Periodic Foundation

Construction of superstructure

s ‘ 4

Casting of concrete layers

W L sl

Resin solution and  Construction of 1D periodic foundation
polyurethane glue Pl g

ka® Primer-215 g

35



Design of Specimen with

3D Periodic Foundation

Designed structural system

1750 kg additional mass
uniformly distributed on the roof

8500 kg
additional
mass
uniformly
distributed
~on the floor

Top PF point A ‘ S\ — 5_

Top PF point B 155 PF point C

Unit cell

36.4 cm
Polyurethane

36.:1c\m‘ 36.4 cm
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50t

0

FRF (db)
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501
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Transverse wave (S-Wave)

Roof of superstructure

Top of periodic foundation point A -
Top of periodic foundation point B
Top of periodic foundation point C |

0 10 20 30 40 50

Frequency (Hz)
Longitudinal wave (P-Wave)

— Roof of superstructure
— Top of periodic foundation point A -
— Top of periodic foundation point B
— Top of periodic foundation point C |

0 10 20 30 40 50

Frequency (Hz) 36



Fabrication of 3D Periodic Foundation

Casting of concrete cores Resin solution and

E_J)

. E

polyurethane glue

D perio

¥

Construction of 3

- ‘{




Shaking Table Test Cases

RC foundation only 1D periodic foundation only 3D periodic foundation only

=

RC foundation + 1D periodic foundation + 3D periodic foundation +
structure system structure system

-

38






Examples of Test Results — 1D Periodic
Foundation

Horizontal Shaking

Structure with
RC foundation

Structure with 1D
periodic foundat
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Acceleration (g)

o
N

o

o
N

o
IS

S
o

o

Anza earthquake

Bishop earthquake

Oroville earthquake

T 0.6 T 0.6 T T "
—— Shake table —— Shake table —— Shake table
Top of RC foundation - 04 Top of RC foundation - 04 Top of RC foundation -
(close to black curve) — (close to black curve) — (close to black curve)
=) o
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2 il
b E 0 5 0
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8 3
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Main frequency content of each earthquake is inside frequency
band gap of 1D periodic foundation
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Example of Test Results — 3D Periodic

Foundation
Horizontal Shaking

Structure with
RC foundation

Structure with
3D periodic
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PGA at shake table is 0.4g
Main frequency content of each earthquake is inside frequency
band gaps of 3D periodic foundation
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Future Study
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3D View

Periodic foundation

Cross Section View
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Thank You for Your Attention!



