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Basic Principle of Seismic Isolation
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How can we have energy dissipation?

Various principles
®Energy dissipation due to plastic deformation
of steel devices
Torsion Bending

Mild steel, lead, etc.
®Viscous fluid

What devices are available?

Fatigue due to repeated plastic deformation?




Steel Plate Isolators

Implementation of Steel Plate Isolators to a Building

New Zealand
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Steel Torsion Energy Dissipators

Stepping structure using steel torsion energy
dissipators

South Rangitikei Bridge, New Zealaf§#
1972

Stepping Piers
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Skinner, Robinson & McVerry (1993)

Stepping Columns




Mechanical Torsional Damper

Torsional Plate Damper

Lead Extrusion Dampers

Aurora Terrace Bridge

Lead Extrusion Damper

Dr. Bill Robinson

Lead-Extrusion Damper

Constricted-tube type Oidier

Skinner, Robinson & McVerry (1993)




Lateral Force vs. Lateral Displacement
Hysteresis of a Lead Extrusion Damper
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Skinner, Robinson & McVerry (1993)

Re-crystallization of Lead after Plastic
Deformation —

Skinner, Robinson & McVerry (1993)

Why is lead appropriate for an energy dissipator?

Re-crystallization of lead

Re-crystallization temperature

= Temperature which is required for re-crystallization of
50% the lead in an hour

Material Re-crystallization temperature
Lead Lower than
Aluminum degree
Copper degree
Steel degree

Steel Bar Flexure Energy Dissipator

Cromwell Bridge

Deformed Mild Steel Flexural Damper




Lead Rubber Bearings

Lead Rubber Bearings

Skinner, Robinson & McVerry (1993)

Hysteretic Energy Dissipation
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Lateral Force vs. Lateral Displacement
Hysteresis of a Lead Rubber Bearing
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How can we implement the seismic
isolation?

®Period shift (=Increase natural period)

®Support a structure using elastomeric
bearings

Upper steel plate

Steel plates
Rubber layers
"_Lower steel plate

Compression
Layered rubber ppbber block
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Lead Rubber Bearings

Large Lead Rubber
Bearing used for O-
Ghishima Viaduct,
Metropolitan
Expressway

. Moonshine Bridge, New Zealand
Toe Toe Bridge, New Zealand g

Lead Rubber Bearing

Grafton Bridge, Auckland High Damping Rubber Bearings
HDR

®Use special rubber which dissipates energy under
Lead Rubber Bearing deformation

®High damping rubber sheets are laminated with
steel plates (elastomeric bearings)

®Because lead is hazardous material in LRB, HDR
bearings are preferred in the implementation in
seismic isolation in recent years




For Bridges

— LRB
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Treatment of Deck Collision

Difficulty in the Treatment of Large Deck
Displacement
®Deck displacement easily exceeds +/- 0.5m even

in the standard bridges subjected to a near-field
ground motion

v'Extreme ground motions

v'Soft soils
®Should we allow collision of decks or not??
— — P
ﬂbout 100-150 mm
About 300-600mm

Problems associated with expansion joints which
can accommodate large relative displacement
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Length neéded to fix the joints to the dhistribution

Length which is accommodated by the joint for
the relative displacement between decks

Problems associated with expansion joints which
can accommodate large relative displacement

Traffic Load ®Shock & noise induced
by traffic loads result in
ibration & noise pollution

in city areas

®Large bending moment &
shear with shock results in
damage at the connection.
This results in maintenance
problems.




Gap is not problem in buildings

Slab or stairs

/

Knock off Abutment

Knock-off Abutment

Simple Expansion Joints used in New Zealand

Is the Knock-off Abutment effective for
implementation in Japan?

Shake able experiments on Knock-off Abutment

Back

ourtesy of Dr. Y. Goto, Obayashi Construction

Shake table experiments on Knock-off Abutment

Strut which represents the deck collision

Asphalt pavement




Impact Load Test using a Shake Table for
the Effectiveness of Knock-off Abutment

Pavement
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Knock-off Abutment

Buckling of asphalt pavement
s 4 - N

_:1."' —hw

Pavement .4
Courtesy of Dr. Y. Goto, Obayashi Constru

Tilting of lower parapet wall underneath the
asphalt pavement

Sliding Expansion Joints

Public Work Research Institute Sliding plate penetrates under

asphalt pavement
Expansion Joint

Asphalt Pavement

Deck Slab -\

Sliding Plate

Asphalt Pavement

Deck Slab

... . . Penetration of sliding
Sliding Expansion Joint plate under asphalt

Expansion Joint pavement
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Sliding of Palate HE o

Implementation of a New Expansion
Joint System to Amano Viaduct, Maibara
423m long 17-span continuous viaduct

Joint

Publie:Works Research Institute




Sliding Expansion Joint

Public Works Research Institute

Public Works Research Institute

Development of 2 Directional Expansion Joint

Big Joint

An Expansion Joint with Function of a Restrainer
Yokohama Rubber Ltd.

Bridge Axis

Load Support Beam & Restrainer that
limits Excessive Opening

Cyclic Loadin%' by
—
—

Actuator

Expected Natural Period of Isolated Bridges
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Expected Natural Period of Isolated Bridges

®Increase of natural period results in larger deck
displacement having stronger impact force

®\What is the appropriate level of increase of natural
period?
Response Acceleration Response Displacement
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Isolated Bridges Analyzed

Lateral Force vs. Lateral
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Idealization of the Isolated Bridge

v'Lump the mass of a deck at the
mass center of the deck

v Idealize the isolator by a lateral

spring element with a bilinear
— eiﬁ — hysteresis
i v Idealize the hysteretic behavior
Lo Koo of the column at the plastic hinge
> " Plastic hinge

by a rotational spring with
Takeda degrading model

N

v Idealize the stiffness of a
foundation and the soil-structure
interaction by a set of
translational and rotational linear
spring elements

Response of Bridges Subjected to the JMA Kobe Observatory Record
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Response of Bridges Subjected to the JMA Kobe Observatory Record

Fixed Base

Lateral Force (MN)

Pier

[ 03
Lateral Displacement (m)

H 5
g 0 g 0
z & Standard x 2
- Pier e | Isolator]

o3 T 3 oz ] 03

Lateral Displacement (m) Lateral Displacement (m)

7 7 T
z z
g H
S o ﬂ,‘ﬂﬁ Standard
L 3 ol

E -7,

‘03 03 “ 0

Lateral Displacement (m) Lateral Displacement (m)

7 7
z z
s s
8 ]
Eo go _— Standard x 0.4
T B
g i ol

7 03 T

3 3 0
Lateral Di Lateral Di

Energy Dissipation of Isolators & Columns

Energy Dissipation of the Columns
v Isolated Bridge
uc' =imc'dec!
v Fixed Base Bridge
UcF =fmcTdack
Energy Dissipation Ratio of the Column
UCI
Ic = —F
Uc

Seismic isolation is beneficial if rc <1.0
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Energy Dissipation of Isolators & Columns

JMA Kobe Observatory

JR Takatori Record
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Energy Dissipation Ratio of the Column
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Natural Period of Isolated Bridge T / Natural Period of Fixed Base Bridge T,

Natural Period of an Isolated Bridge

Part V Seismic Design Specifications of Highway Bridge
Japan Road association, 2002, 2007

T,
To

v T should not be extremely long so that the
deck response displacement does not become
excessively large = Menshin Design

v Careful evaluation on the site condition and
site specific ground motions are required
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