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World Trade Center in New York

10,000 Visco-elastic dampers in
each tower

Evenly distributed from 10® to the
110% floor

*Damping: 2.5%~3%

B f Exterior Column

set Plate Welded to Column and Top Chord

Reod Diagonal
(Diameater Varies)

.’I
Two 5/8"
Ecits

amping Unit Two 7/8" Diameter Boits  * 3/8" Plate
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Dongting Bridge, Hunan, China
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Full Installation
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Magnetorheological Fluid Damper

Magnetic Choke
MR Fluid - .
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Force - Velocity Envelope for
MR Fluid Damper

Large force at small or zero
velocity is possible

Extension +— Maximum current

= Constant current
Any arbitrary curve within = operating curve
operational envelope is .
possible
i Zero current

-

X

F = u(u)sgn(x)+¢,x |




DSHD (Displace dependent Semi-
active Hydraylic Damper)

A. Hydraulic Jack,

B. Directional Valve,

C. Check Valve,

D. Relief Valve

E. Connected to Structure

F. Connected to Bracing




Direction control valve

Gumes DSHD-S0 VICL-SHD-5 E

ASHD-Z0

Photo 1 Sideview of DSHD




Installation Example

Sensor

|[eubis asuodsay

Bracing

Computer




Detect relative movement
direction of damper connectors

l

Movement, RIGHT?

Resistant Force

max. (overflow) force

Resistant force Resistant force
RIGHT LEFT




Hysteretic Loop of DSHD
with overflow
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The reduction percentages of the
displacement for the different relief pressures
and Kobe earthquake with various PGA

Displacement Reduction Percentage, Kobe
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Peak Ground Acceleration, G




The reduction percentages of the acceleration
for the different relief pressures and Kobe
earthquake with various PGA

Acceleration Reduction Percentage, Kobe
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Peak Ground Acceleration, G




N
100 F-

(G|

Al .L_.u.u_.. b}
|'Ij

e,

Fr

A0
-100

-150

A I W
- 1|_| |

- 0 b
Uisplacement, mm




Z. ASHD (Accl
Hydrayllc Dam

A. Hydraulic Jack,

B. Directional Valve,

C. Check Valve,

D. Relief Valve

E. Connected to Structure

F. Connected to Bracing




. L Resistant Force
Detect relative movement direction of damper

connectors

max. (overflow) force

Movement, RIGHT?

Resistant force Resistant force
RIGHT LEFT




Element test results

e ASHD-15mm-0.2Hz-38KN-Fix




Shaking table




Shaking table tests

Displacement Response
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Shaking table tests
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Shaking table tests

Reduction ratio of displacement

S

- - -Passive
—1—ASHD-010-35
—— ASHD-013-35
—Co—ASHD-010-20

N
150 200 250 300 350

Peak Ground Acceleration, Gal




Shaking table tests

Reduction ratio of acceleration

10 39

= 3= Passive

—{+— ASHD-010-35
—— ASHD-013-35
—C— ASHD-010-20

Control Efficiency

Peak Ground Acceleration, Gal
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