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@ Test Setup for Joint Damper System

Disaster Prevention Research Institute, Kyoto Univ.

Full-Scale Frame Structures Variable

Shakerd .y Damper

Shaker Response D Control

Control PC (feed back) valve opening

Control PC

@ Schematics of Test Setup

Velocity
Sensors

‘ Variable Damper ‘

1st mode Natural Freq.

5-story:1.78Hz
3-story:2.41Hz

1st mode Damping
S-story: 1.28%

3-story: 1.47%

—

Data Shaker Damper
Acq. PC Control PC Control PC




@ Schematics of the Variable Damper Device

Bi-Pass Channel F
Damping
Force

“““ Servo Valve

Firic

Vr

-Firic

Cylinder 1 Cylinder 2

Feasible Areas

Dynamic Characteristics

F(h, vr) = sgn(vr) 159}}% +307.2 vr* +0.6

Relative Vel.

Experimental Result *
Viscous Type Control (sinusoidal input) | * temura et al, 2001
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Experimental Result *
LQR Type Control (sinusoidal input) * Temura et al,, 2001
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Advantage in Energy Absorption
Pseudo Negative Stiffness

7 & Bearing 7 .
. +
= Damper -
= = |
Bearing + . F: force
Damper " u: displace-
ment

Viscous Damping Pseudo Negative Stiffness Damping
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Benchmark Control Problem
for Cable-stayed Bridges

Benchmark problem focuses on Bill Emerson
Memorial Bridge in Cape Girardeu, Missouri, USA

142.7m 350.6m 142.7m 570.0m
“68) (1150°) L (468) (1870%)

I
Illinois approach |
I

I T T
[ — N — R T

(Cable Number

Drawing of the bridge
Cable-stayed Bridge with total length of 636 meter

Application of PNS and Viscous Dampers to
the Benchmark Control Problem

Model II

Viscous ;
Model

Elastic PNS
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Application of PNS Damper to the Benchmark
Control Problem for Cable-stayed Bridges

(Results of Evaluation Criteria)

El Centro Mexico Gebze

Evaluation Criteria Viscous PNS Viscous PNS Viscous PNS
J1: tower shear force at base 0.334 0.327 0.479 0.448 0.482 0.467
J2: tower shear force at deck level 1.016 0.933 1.137 1.047 1.234 1.193
J3: tower moment at base 0.300 0.248 0.607 0.504 0.532 0.491
J4: tower moment at deck level 0.638 0.516 0.578 0.536 1.094 0.890
J5: deviation of cable tension 0.167 0.175 0.063 0.060 0.123 0.117
J6: deck displacement 1.340 1.110 2.511 2.178 2.798 2.476
J7: normed J1 0.227 0.213 0.405 0.375 0.412 0.366
J8: normed J2 0.989 0.907 1.015 0.913 1.220 1.127
J9: normed J3 0.297 0.259 0.513 0.420 0.567 0.478
J10: normed J4 0.834 0.761 1.103 0.955 1.195 1.066
J11: normed J5 0.024 0.023 0.009 0.009 0.016 0.015
J12: force by control devices 3.529¢-3 2.846e-3 1.471e-3 1.116e-3 3.922¢-3 3.710e-3
J13: stroke of control devices 0.876 0.660 0.404 0.352 1.449 1.320
J16: number of control devices 20 20 20 20 20 20
J17: number of sensors 0 4 0 4 0 4

Viscous and PNS dampers have the same damping coefficient

Device Force (kN)

Device Force (kN)

Application of PNS Damper to the Benchmark

Control Problem for Cable-stayed Bridges
(Damper hysteretic loops)

000 1000 000
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PN 500
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2 -0}15 4.1 |- /Jn 05 o2 a1 o1 02 laAQ—m— u&ﬁh/o.s
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000 1000 000
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2000 1000 000
Pief 3 (El|Gentrl) Pier 3 (Mexico) Plier 3 (Gebze
556 500
7 I AN
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I 50 \ 5
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2 -ol15 -0.1 o1 0J5 02 -01 -0.0 ) 0.05 01 -0.2 -0\s -0,f\-oles o5
5%0
ro0e | 560 | \7’\“‘
56 [— pamper]|_| — Damper . [—— Damper]||
—— Bearing —— Bearing — Bearing

2000
Device Stroke (m)

1000
Device Stroke (m)

000
Device Stroke (m)
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Input Energy ( xdeck mass [kg.m2/s2])

Application of PNS Damper to the Benchmark

Control Problem for Cable-stayed Bridges
(Earthquake Input Energy)
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0.3 : : :
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LI E— A e & S
| Rl e
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‘ R e S
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005 77777777777777777)57 pNS o 001 fessmemmemen 7777777)57 ViSCOuS e
5 H P
0 L 0 1
0 25 50 0 25 50
Time {second) Time (second)

RRATYIE I —DEE
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—T L | HEN
ZICEE t [ [ Hh < e ] O
HEN H m

A structure is connected to the virtual fixed point through a dashpot.
Even in an earthquake, the fixed point never moves like sky.

So this system is called ‘Skyhook System.’

Skyhook System can reduce absolute response.

Of course, the fixed point is just ideal.

Skyhook control is the method to control a groundhook damper to follow the target
load that would be generated by the skyhook dashpot.

96
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|
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Damper load is proportional to ﬁ 0) ﬁ“ 'I‘i 75“% >, 75\ 2 T:
97

absolute velocity.

ADRIMEDN\FEFRFETENIEEN

F:f
Ze /f\\\
Z o “//( - N viscosity
g 02 \\ ‘_‘~ \-
Q o o 3
S\ AN
g 04 \\ ) y) negative
8 = \\\\—/, .\ |stiffness
Relative Disp. [m]
F:z' :Csh(x—i_z) Fd = _kensx + Censx

The hysteretic loop of Skyhook Control can be represented by negative
stiffness and viscosity.

Relative displacement can be measured directly.
Skyhook performance can be reproduced more simply.
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