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(6) Design of Isolators and Dampers

(6)

Design Requirements for Devices

@ Computed displacement of an isolator should be
within +/-10% from the assumed design
displacement Upg
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(6) Design of Isolators and Dampers

©)
Design Requirements for Devices (2)

@ Shear strain of the isolator (elastomeric type isolator such
as LRB and HDR) subjected to design lateral force should
be less than 250%.

®|_ocal shear strain resulting from the seismic effect, dead
weight, rotation and other effects should be less than
rupture strain / 1.2.

®|_ateral capacity > Lateral force demand



Deformation with
200% shear strain



(6) Design of Isolators and Dampers

(6)

Design Requirements for Devices (2)

® Devices having positive tangential stiffness at
any displacement within the design displacement
Ug should be used to prevent “shake down.”
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(6) Design of Isolators and Dampers

(6)

Design Requirements for Devices (3)

®Devices have to be designed & fabricated so
that scatter of the stiffness & equivalent

damping ratio are within 10% of the design
values

®Devices have to be stable for at least 50 & 15
lateral load reversals with the design
displacement ug for Type | & Type Il ground
motions, respectively.



(6) Design of Isolators and Dampers

(6)

Design Requirements for Devices (4)

® A deck should return to the original rest position
after it is subjected to a design ground motion.
Residual displacement < 10% x design displacement.

® T he stiffness and damping ratio of isolators and
dampers should be stable for a change of load
condition and natural environment



5.4 Column ductility factor vs. System ductility
factor

0.4




1) How should we determine the “yield displacement”

and “ultimate displacement” in a bridge in which both the
Isolator and the column undergo In the inelastic range?

Q Response modification factor is
determined based on the hysteretic

_x _* behavior of a column, but does

S nonlinearity of the isolator affect the
“vield displacement” and “ultimate
displacement” of a bridge?
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2) Column Ductility Factor vs. System Ductility
Factor

Fixed-base bridge
Deformation of the column
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3) Effect of Isolator Deformation on the System
Ductility Factor
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Effect of Isolator Deformation on the System

Ductility Factor 5
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4) System Ductility Factor vs. Column Ductility
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5) Response Modification Factor should be
Evaluated Based on not Column Ductility Factor
but System Ductility Factor
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Response Modification Factor
by Dynamic Analysis



5.5 Seismic Isolation with Limited
Increase of Natural Period ( = Menshin

Design)
6.5




1) Menshin Design 1)

Menshin Design

Seismic Isolation (Implementation of seismic
(European concept) isolation in Japan)
Period shift Limited period shift
Increase of the energy Increase of the energy
dissipation dissipation

Distribute lateral force

to as many
substructures as
possible




2) Favorable Implementations of Menshin Design

@ Super multi-span continuous bridges
@ Damage control of bearings and piers
@ Seismic retrofit of existing bridges

®Deck connection to make simply supported
decks to multi-span decks



3) Design Codes for Menshin Design

® 1989 Guideline for Menshin Design of Highway Bridges
@1992: Manual of Menshin Design of Highway Bridges

@1995: Guide Specifications for Repair of Highway Bridges that
suffered Damage in the 1995 Kobe Earthquake 1995

®1996: Part V Seismic Design, Design Specifications of
Highway Bridges V
v First stipulations in the mandate code

@2002: Part V Seismic Design, Design Specifications of
Highway Bridges

@2012: Manual of Menshin & Control Design of Highway
Bridges



4) Design Specifications of Highway Bridges

4)

Japan Roads Association, 1996

lighway bridges with span length less than 200m
About 2000-3000 new bridges per year

®Part | Common Part

Part |1 Steel Bridges

Part 111 Concrete Bridges
Part 1V Foundations

Part V Seismic Design




5) Part V Seismic Design V

Design Specifications of Highway Bridges

Chapter 8 Menshin Design 8
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5.6 Merit of Seismic Isolation

5.6

®Enhance the seismic performance
®Decrease construction cost

LRB & HDR are frequently implemented as one of
elastomeric bearings without taking benefit of energy
dissipation into design

LRB & HDR are widely used for distributing the seismic
lateral force to as many substructures as possible



