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SP1
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FHWA

Table 1-10. Cost of varions retrofit strategies as percentage of new construction costs =,

RETROFIT STRATEGY TOTALS
oo = (weighted sum
RANGE upersiructure, all retrofits in
Sy " | and Substructure | Stbstucture and| California, 1993
Foundations and 1994)
Lew 1.3 0.7 2.3 0.7
Average 31 154 28.8 15.1
High 13.2 648 2329 2329

Notes: 1. Callrans data for 165 badges retrofitied in 1993 and 1984

2. Costs expressed as percentage of new conslruction lor same tme frame,
3. Superstruciure includes restrainers and seal width exiensions

FHWA Seismic Retrofitting Manual for Highway Structures : Part | Bridges 2006
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FRP

= FRP

Caltrans BDA-14-3 Fiber Reinforced Polymer (FRP) Composites
Column Casing Systems, 2008
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Full-Scale Column Test at UCSD
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Guide Specification — Section 6
(Foundation and Abutment Design)

Discussion of Ballot ltems -
Seismic Guide Specifications and
Revised LRFD Seismic Provisions

Spread Footings Mot Permitted In Liquefiable Soils
Unless Ground Improvement Used

Limits On Spread Footing Uplift Included, If Uplift Is

Presentation for AASHTO Annual Meeting Greater, Then Use Appendix A — Rocking
T-3 Committee Pile Cap Foundation Requirements Clarified —
Essentially Match Caltrans' Approach

Lee Marsh — BERGER/ABAM Engineers

Tony Allen — WSDOT

Guidance Provided For Pile Cap Passive Soil
Resistance and Side Friction Contributions

Abutment Longitudinal Soil Resistance Requirements

1 i ] >
May 19, 2008 Clarified (including use of 50% reduction factor)

(Re-presented to WSDOT ACEC Structures Team - June13, 2008)

COMNAL TAPWAN AL TAIWAN

Guide Specification — Section 9
(References) and Appendix A (Rocking)

6.3.9 Foundation Rocking C6.3.9

Footings that do not satisty the requirements of Lq. Foundation rocking may be used as an effective means
6.34-1_are-subjected-to-rocking-and-with-the-owner’s  ofaccommodating seismic demands in a manner similar to
approval; If permitted by the Owner, foundation rocking, isolation bearings. However, rocking mav result in |S|I29
as specified in Appendix A, may be explicitly modeled i i i
used to accommodate seismic demands. N fing seismic_event.

Where rocking is allowed by the Owner considered wwm

= Section 9 - References Updated
s Appendix A — Rocking
» Limitations On Method Added (i.e. Method Derived Based On

6.3.4 Resistance o Overturning

SDOF , Single-Column Bent Behavior)
= Notation Updated To Match LRFD

dditionally, the location of the res i of the
reaction forces shall be located within the middie two-

thirds of the base, if oo live load is present, (Mherwise,

Article 6.3.9 is applicable. 1 full live load is present,

ﬂwr} the resultant shall be within the middle eigL
% i E Sl L [ L% 1]

eccentricity, then it shall not be included in the check of

overiurning.
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as an ERE, the impacts on system behavior shall be

evaluatedeonsidered. Global (i.e., full bridge or frame

system) dynamic effects of rocking, whether by individual
piers or more, shall be considerad. Geotechnical capacities
of the foundations, inchading assessment of potential
setlement, shall be assessed undevtaken 1o ensure thal
urslesirable svstem deformations do no jeopardize the
resistance or sinbility of the bridge system (ERS),

INTERNATIONAL TAIWAN

to al’fecl Ihc abllm fm 1enau ing the brldgo after the

rocking be\oml the lmnls in Eg 6.3.4-1 must be m'ul

a CALe onsideration of the cons % 0
approach.

In geperal, rResearch s ongoing [n the area of
foundation rocking. At this time, the state of the practice
dowes mot warranl the wtilizanon of foundation rockmg for
tvpical lnghway bridge structures
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Implementation of Rocking
Isolation to Analysis of a Whole

Bridge — I
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Idealization of Target Bridge
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Idealization of Interaction betweean

=n

Abutment and Backsoils

Backsails

Owverbu
en Soil

Caltrans-PEER Seismic Research
Seminar Sacramento, CA, USA, 2009

“Rocking Seismic Isolation of Bridges
Supported by Direct Foundations”

Prof. Kazuhiko Kawashima
Tokyo Institute of Technology
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Curvature at the Plastic Hinge of P2 Abutment and Backsoils Interaction
*-Conyention: Rocking Isofation in the Longitudinal Direction

JOnventiona

' 4

r / Conventional Rocking Isolation
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Effect of Yield of the Underlying Prof. Kazuhiko Kawashima

roun .oOMP
Grounc:(0.5MFa) When separation of a footing from the underlying
Vertical stress Vertical displacement ground due to rocking response is included in analysis,
4 | the plastic deformation of a column significantly

fuul : decreases as a result of softening of the moment vs.

:::"‘"} “'"’ i _*f_ff_lﬁr*ﬁh;“ e rotation hysteresis of the footing.
an) o S If the underlying ground yields, it enhances the effect of
rocking isolation, however it increases the deck

response displacement and it can result in residual drift.

Stress vs. vertical Bridge response acceleration decreases under the
displacement seismic rocking isolation, however bridge response
displacement increases.

Tima jpasct
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Chapter 4 Seismic Design and Retrofit

, o .
. 86 - 98 = a1 General -1
a2 WEDOT Moddfications bo AAEHTO Guede speomications fol

5 LRFD Setemic Bridge Design 421

I _ 4.3 Epiumnie Amsbyuin and Rewshit Design of Exating Bridges 431
. EF : C4.4 (98.6) Bridge Design Manual - Aty _ e

| biesedy s avhm b

. Wlary 14 ' wcF 438

a3

4.2.20 Foundation Rocking

Guide Specifications Article 6.3.9

| !

Foundation rocking shall not be used for the design of WSDOT bridges

4.2.21 Footing Joint Shear for SDCs C and D

Guide Specifications Article 6.4.5
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1.1.10.3-2 - Revisions and Modifications 1.1.10.3-2 - Revisions .:ml Modifications

= Earthquake Resisting Systems (ERS)
Q - Obiain Approval from

Bridge Section HQ

= Earthquake Resisting

Elements (ERE)

e

Obtain Approval from

Bridge Section HQ

2
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1.1.10.3-2 - Revisions and Modific

= Earthquake Resisting Elements (ERE)

= Earthquake Resisting

Elements (ERE)

ﬁ- - Dbiain Approval from

pe Section HQ

[dentify ERS for SDC B when: 0.25 <8,
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Question 12: Does Caltrans consider the effects of foundanon rocking for bents on spread

footings”
" s x g . Response: Calirans likes rocking ms a way 10 reduce the costs of construchon or retrofit and
1 9 o P 7 | 2 ¥l 7 retrol
1.1.10.3-2 - Revisions and Modifications _
T T frequently allows rocking.  Suggestions are to consider constramnts and furly evaluate whether
= Select the Foundation .\]UdL‘J]Hé Method (FM P\-I'l' the foundation can really rock, and o consider whether something will be built in the fuure 1o
(L isA 5.3.1) :|‘-'1-"::'T'J]|:'|E to Section 1.1.4 of BDDM prevent rocking. A textbook on seismic retrofiming by Pricstly has a simple wiy of dealing with
For '-'.E'i]'l._".‘-ld |_III'I-L‘J|'|I'I.:'L_1_ use 1 rocking: the newer edition may have a more sophisticated provedure. Ultimately, the iterative
procedure definitvely evaluntes whether the foundation wall rock and the resultant forces in the

struchure. Caltrans uses software written by Steve MeBnde for rocking, which considers

degradation of the soil due to bearmg Caltrans sometimes assumes poorly designed pales, such

thiat the CONBCCIIONS 1O :IiL\' ]\||cﬂ. '.I.JH b-ll.'.'lk and the foundation Can rock on the |1||1'- !]-.1'.'\;".1;: H

pile footing s much smaller and may not be able 1o rock as much
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Antioch Bridge Seismic Retrofit
FPB Bearings Installed

2 HRB
22 FPB

= [a]
\ _,/Ex'lmu-n. of Cap Beam
Stee] Benrmngs =
i Dampers
Frscuon Hearmgs (LRI or HDR)
(n} Existing (b} Retroftted

{b)
Fig. 10, 48 Seismic Retrofit using Seismic Isolation; (a) Installation of lead
rubber bearings and sliding bearings, and (b) after retrofitied
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