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Nakashima, Chusilp: A Partial View of Japanese Post-Kobe Seismic Design and Construction Practices
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Viscous Fluid Damper

Viscoelastic Solid
Damper

Friction Damper
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Displacement Displacemant Displecement Displacement
Idealized a{ Force m@e ullqenlird msca Eats
Physical -—— ot Avai —
Model R %.hpl. E .
Displ. Displ.
Advantages - Activated at low - Activated at low - Stable hysteretic - Large energy
displacements displacements behavior dissipation per cycle
- Minimal restoring - Provides restoring - Long-term reliability | - Insensitivity to
force force - Insensitivity to ambient temperature
- For linear damper, - Linear behavior, ambient temperature
modeling of damper is | therefore simplified - Materials and
simplified. modeling of damper | behavior familiar to
- Properties largely practicing engineers
frequency and
temperature-
independent
- Proven record of
performance in military
applications
Disadvantages | - Possible fluid seal - Limited deformation | - Device damaged - Sliding interface
leakage (reliability capacity after earthquake, may | conditions may
concem) - Properties are require replacement | change with time
frequency and - Nonlinear behavior; | (reliability concern)
temperature- may require nonlinear | - Strongly nonlinear
dependent analysis behavior; may excite
- Possible debonding higher modes and
and tearing of VE require nonlinear
material (reliability analysis
concem) - Permanent
displacements if no
restoring force

mechanism provided
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v" Technical University of Denmark
v" National Center for Research on
Earthquake Engineering (NCREE), Taiwan
v Waseda University, Tokyo, Japan
v’ Takenaka Research Laboratory, Tokyo, Japan
v" Takenaka Testing Lab Osaka, Japan
v Kyoto University, Japan
v" Sekisui House, R&D Institute, Kyoto, Japan
v Kawkin Core-Tech, R&D Institute, Japan
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o The friction coefficient at the sliding interface may substantially change over time. The
engineer is directed to Constantinou et al. (2007) for a presentation on the nature of
friction and the short-term and long-term behavior of some sliding interfaces. In general,
reliable and predictable in the long-term friction may be obtained when the sliding
interface consists of a highly polished metal (typically stainless steel) in contact with a
non-metallic softer material that is loaded to high pressure under confined conditions so
that creep is completed in short time. However, such interfaces also result in low friction
(and thus typically used in sliding isolation bearings). The engineer is referred to Chapter
17 and the related commentary for such cases. Desirable high friction (from a
performance standpoint) may be obtained by use of metal to metal sliding interfaces.
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Part 2, Commentary

However, some of these interfaces are absolutely unreliable as they promote severe
additional corrosion and they should never be used (British Standards Institution, 1990).
Other bi-metallic interfaces have the tendency to form solid solutions or intermetallic
compounds with one another when in contact without motion. This leads to cold welding
(very high adhesion or very high friction). Such materials are identified by compatibility
charts (Rabinowicz, 1995). The original Rabinowicz charts categorized pairs of metals as
incompatible (low adhesion) to compatible and identical (high adhesion). Based on that
characterization, identical metals and most bi-metallic interfaces should be excluded from
consideration in sliding interfaces. Excluding interfaces that include lead (too soft),
molybdenum, silver and gold (too expensive), only interfaces of Tin-Chromium,
Cadmium-Aluminum and Copper-Chromium are likely to have low adhesion. Of these,
the Tin-Chromium interface has problems of additional corrosion (British Standard
Institution, 1983) and should not be used. Accordingly. only bi-metallic interfaces of
Cadmium-Aluminum and Copper-Chromium may be useful. The materials in these
interfaces have similar hardness so that creep-related effects are expected to be important
leading to increased true area of contact and increased friction force over time
(Constantinou et al.. 2007). This leads to the conclusion that all bi-metallic interfaces
result in significant changes in friction force over time that is not possible to predict, and
therefore these types of interfaces should not be used.
5. Lead Extrusion devices. These devices operate on the principle of extruding lead through an
orifice. The behavior of the device is dependent on the rate of loading and temperature and its
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Terminal 5, New Airport of Heathrow, U.K.

Supply of N. 44 Pot
Bearings Vasoflon
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During the earthquake on 8th June
2008, the devices

have perfectly protected the
structure.

Supply of:

* N. 20 Transverse
Viscous Dampers in the
main bridge

* N. 168 Longitudinal and
Transverse Viscous
Dampers in the
approach viaducts

Rion Antririon Bridge - GREECE
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Among the tallest skyscrapers in the
world (508 meters high), which has
already experienced several
earthquakes and typhoons with no
damages.
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World’s first
seismically
isolated off-shore
platform.
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The Gervasutta hospital in Udine
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The Da Luz hospital in Lisbon: hospital building

The Da Luz hospital in Lisbon: residence
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Supply of:

* N. 62 Special Bearings

* N. 4 Shock Transmission
Units, F = 5000 kN,

d =1100 mm

The longest European suspension bridge.
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Supply of N. 2472 Isolators WLl FIP 5,8 sl 659, ages
FIP-D 4000) 520/300) type

C.A.S.E. Project, Abruzzo, ltaly
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N. 26 multi-span viaducts, overall length
7775 m.

Supply of N. 1522
Seismic Isolators with
Steel Hysteretic
Dampers, F = 6800 kN,
d =200 mm,

V = 26000 kN
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Golden Horn Bridge, Vladivostok,

Russian Fed
SEISMIC PROTECTION

-2011 2012
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Yielding Devices

Friction Dampers

Supplemental
Damping

Passive Device

Viscous Dampers

Viscoelastic
Dampers

Self-Centering
Dampers

Rubber or LRB

Seismic Isolation Friction Pendulum
Isolator

Spring Isolator
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Elastic Support of
Gas and Diesel Generators
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Vibration Isolation in Shipbuilding
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CENTRIFUGES

GAS AND DIESEL GENSETS
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TURBINES AND
CONDENSERS

TRACKBED ISOLATION
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Berlin, German Bridgewater Concert Hall,
Manchester

Imax Cinema Railway Station, Germany
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Decrease in
peak floor
acceleration

<

fasl 435 (0 500 3 63900 S 6l 03w 10 (5105 (sl jlwluzr 5l eoliiuwl LT

Figure 9 shows the effect of the fundamental
period of vibration on the variation of peak
floor accelerations along the height of the
building. [t can  be seen  that  floor
accelerations are amplified as the period of
vibration decreases. In particular, short
period structures exhibit large amplification
of acceleration demands as height increases

a0 1s the lateral stiffness ratio defined as:
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? Low Acceleration

Low spectral acceleration

Large relative displacements
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