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5.3 How can we implement the seismic

Isolation?

1) Basic principle

®Period shift (=Increase natural period)

®Support a structure using elastomeric
bearings

®Set dampers



2) Whole-in-one type dives are better for the

Implementation to bridges

Separate type device Whole-in-one type
devices

Set Isolators (Period Shifters)
Set a devices

which have
function of
Isolators and
dampers.

Set Dampers, or Energy
Disspators




3) Space for setting devices iIs limited in bridges

®Space between substructures and girders is limited
for setting devices in bridges, while the space Is
sufficient in buildings.

®Environmental condition for devices is more strict In
bridges than buildings.




5.4 Implementation of Lead Rubber Bearings to
Bridges

1) The World First Implementation of LRB to Bridges
Toe Toe Bridge, New Zealand

e

Lead Rubber Bearin



2) Moonshine Bridge, New Zealand




3) Grafton Bridge, Auckland

ead Rubber Bearing




4) Miyagawa Bridge, The First Isolated Bridge In

Japan

Miyagawa Bridge, Shizuoka-ken, 1989




Symbolic “long-nose goblin” at the region was set at the
hand-poles of Miyagawa Bridge.
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5) O-Ghishima Dr. William Iipbw',!lnveﬁt’dr of LRB
Viaduct, : o
Metropolitan

Expressway




5.5 Technical Challenges Iin the Implementation
of Seismic Isolation to Bridges

9.9

1) Resonance of Isolated Bridge resulting from Period
Shift due to Long Period Ground Motions




2) Difficulty of the Treatment for Increased Deck

Displacement due to Increased Natural Period

®Deck displacement easily reaches +/- 0.5m
even in a standard bridge under a near-field
ground motion

v Extreme ground motions

v’ Soft soils
®Should we allow collisions between decks or
not?
—) — ‘_,

Aybout 100-150 mm

About 300-600
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Problems associated with expansion joints which
accommodate large relative displacement

raffic Load
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Length needed tp fix joints to the decks
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ending
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Istribution

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



Problems of adopting an expansion joints which
accommodate large relative displacement (2)

Traffic Load

® Shock & noise induced
by traffic loads are likely to
igvibration & noise
In City areas

ending moment &
shear with shock damage
connections. This results In
the maintenance problems.



Gap Is not generally problem in buildings

Only limited space is
available on bridges

Slab or
stairs

\




3) Knock off Abutment Developed in New

Zealand

Slab

Girder

rapet wall of abutment

Back soll



Knock-off Abutment




Simple Expansion Joints used in New Zealand




Is Knock-off Abutment effective in Japan?

Shake able experiments on Knock-off Abutment

Back

ourtesy ot Dr. Y. Goto, Obayashli onstruction



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 .

Knock-off Abutment

» ‘14 Goto, @Q/ashl SOnStruction



Bucklmg of asphalt pavement

Pavement </ %
s Cogptésy of Dr. Y-"Goto, Obayashi Constru




Tilting of lower parapet wall underneath the
asphalt pavement

¥ 1'.':'." o — .
ourtesy ot Dr. Y. Goto, Obayashi Construction



4) Development of Various Sliding Expansion
Joints

Public Work Research
Institute ( Sliding plate penetrates

under asphalt pavement

Expansion Join

Asphalt Pavem Asphalt Pavement

eck Slab

Sliding Plate



Sliding Expansion Joint

Penetration of sliding
plate under asphalt

Expansion Joint pavement
N4 /
e =

Sliding of Palate




Implementation of a Set of Sliding Expansion
Joint System to Amano Viaduct, Maibara

423m long 17-span continuous viad_uct

=

Relative displacement = +/- 0.6

Expansion Joint
Sliding Plate

PubliccWorks Research Institute




Sliding Expansion Joint

Public Works Research Institute



Public Works Research Institute



5) Development of 2 Directional Expansion Joint




6) Big Joint

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

Bridge AXIS

Load Support Beam & Restrainer that
limits Excessive Opening



Cyclic Loading Test for a Big Joint
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A 1/4 Modqlnof “Big Joinf” X




5.6 How Should the Natural Period of
an Isolated Bridge be Set?




1) Expected Natural Period of Isolated Bridges

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

®\\Vhat is the appropriate level of increase of natural
period?

Response Acceleration Response Displacement




2) Analytical Example-Isolated Bridges Analyzed

. 12m . Lateral Force vs. Lateral
| | Displacement Relation of LRBs

‘Z‘Z‘X‘Z‘ Standard x 2
LRB\ Lateral Force

10 Standard
m 5m X 2.2m

T arg X 0.4
S 8.5m x 8.5m | ateral

Displacement

= mX8-
III¢1.2m I I I



3) ldealization 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
— dlﬂ — hysteresis

v Idealize the hysteretic behavior
o Aosm L of the column at the plastic hinge

y [, Plastichinge by a rotational spring with

Y W~ Takeda degrading model

U U U v" ldealize the stiffness of a
foundation and the soil-structure
Interaction by a set of
translational and rotational linear
spring elements
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4) Deck Responses under JMA Kobe Observatory Record
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Record
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5) Column Hystereses under JMA Kobe Observatory

Fixed Base

Standard x 2

Standard

Standard x 0.4



6) Energy Dissipation of Isolators & Columns

Energy Dissipation of the Columns
v |solated Bridge
Uc' =iMc'déc!
v" Fixed Base Bridge
Uc™ =iMc dech

Energy Dissipati?n Ratio of the Column
_Uc

Uch

Seismic isolation is beneficial if rc <1.0

I'c



7) Energy Dissipation of Isolators & Columns

JMA Kobe Observatory JR Takatori Record
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8) Energy Dissipation Ratio of the Column
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Energy Dissipation Ratio of the Column
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9) Summary-How should the Natural Period of an

Isolated Bridge be Set?

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

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



