San Francisco-Oakland
Bay Bridge (SFOBB)

Evaluation & Assessment of
Proposed Alternatives

Retrofit or Replace the East Span
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Seismic concerns Loma Prieta was a 7.0
magnitude event, epicenter was

60 miles away
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San Andreas Fault is less than
ten miles away (MCE 8)
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70% probability of a major
earthquake (6.7 or greater) in
the Bay Area sometime in the
next 30 years
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SAN FRANCIZCD BAY REGION
EARTHOUAKE FROBABILITY

magnitude &1 or greates
earthquakes from 2000 10 M0

This result incorparates 3% odds
of quakes not on shown favits.
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Expanding urban amas

B riew oods of magnitude
A.7 or greater quakes.
belone 2030 on the
indicated fauk

Cickds for faulls that were |
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Alternatives

Replacement

Retrofit
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Question 1

1. Was Caltrans’ selection of the proposed retrofit alternative
reasonable--l.e., was it based on appropriate criteria and sound
analysis, including consideration of realistic, accurate and
complete cost figures?

A. Did Caltran adequately consider/evaluate other retrofit
alternative, including a West Span-type retrofit and other steel
retrofits, and did this evaluation include consideration of
realistic, accurate and conplete cost figures?

B. Did Caltrans adequately consider/evaluate the ability of other
retrofit alternatives, including a West-Span-type retrofit and
other steel retrofits, to meet lifeline criteria?

C. Did Caltrans adequately consider/evaluate the costs of
retrofitting the span to meet lifeline criteria?
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2. Was Caltrans’ cost-benefit analysis comparing the originally
proposed replacement alternative vs. the proposed retrofit alternative
reasonable--1.e., was it based on appropriate criteria and sound
analysis, including consideration of realistic, accurate and complete
cost figures?

3. How does the currently proposed replacement alternative

compare to various retrofit alternatives in terms of a) cost, b) seismic
reliability, including the ability to meet lifeline criteria?

4. Is the currently proposed replacement alternative seismically
safe? How will this replacement alternative perform in a maximum
credible earthguake? Does this alternative meet lifeline criteria? To
what extent and how quickly could it accommodate passenger
vehicles?
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Existing Conditions

Roadway Section

Current roadway cross section

The original roadway section,
designed under criteria of the 1930s,
was developed to accommodate six
lanes of auto traffic on the upper
deck, and three lanes of truck traffic
and two tracks of rail on the lower
deck.

The bridge was reconfigured in the
late 1950s to provide five lanes of
vehicular traffic in both the eastbound
and westbound directions.
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East Span pier locations by pier numbers




Existing Conditions

US Army Corps
of Engineers

Geologic Conditions

Bedrock slopes steeply from the east side of Yerba Buena Island to
elevation -91 meters and then slopes more gently to elevation -134
meters as it approaches the Oakland Touchdown.

the vicinity of the cantilever sectlon of the bridge between the two
largest piers of the east span, Piers E-2 and E-3.
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Existing Conditions

Foundations
Pier E3 Plers E6 to E8 Piers E10 to E23
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C antl | eve r S e Ctl O n Side Span Center Span Side Span

The superstructure of

the cantilever section
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Foundations

Water level
Concrete Cap

Mudline

/

5-foot Diameter
Steel Pipe Piles

: |= i Timber Piles
o Lok Piers E17 to E23 Piers E6 to E8, E10 to E16

Existing Proposed Retrofit
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Retrofit - Towers
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Self-lubricating  / \__ Articulated
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Encasement —

Pendulum Isolation Bearing

Existing
Foundation

New
Foundation

Pier E5 — Proposed Pier YB4 — Proposed retrofit for
retrofit for the tower the tower and foundation
(typical)
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Cantilever Section
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Retrofit vs Existing

Retrofit

Photo Simulation

Retrofit Modifications -- Towers YB2 to YB4 Retrofit Modifications -- Towers E6 to ES8,

E10 to E22 ' s
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Replacement - Photo Simulation
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Replacement Alternative N-6 as viewed from Y erba Buena I sland
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Replacement
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| Tower Legs Steel Link Beams
180m 385 m
(590 feet) (1260 feet)

Main Tower

Main Cable

Suspenders

/ Deck
T

Anchorage | Anchorage Typl Cal CrOSS SeCt| on

Main Tower

Self-Anchored Suspension Asymmetric Bridge
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| Typi cal frame for haunched concrete g rders on SkyWay Structure |

Pedestrian /
Bicycle Path

9.0 m (29.5 ft)

Cross-section of haunched
concrete box

Skyway
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Ground Motion
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"m 1500 yr return period motions

6 sets of time-histories
» special attention to full range of rupture scenarios
leading to velocity pulses (directivity effects; e.qg.,
fling)
Spectrum compatible at the two orthogonal

direction AND over 360 degree rotations

» account for wave passage effect

» coherency matching to observed strong motion
arrays

» attenuation of shaking amplitude with distance
» account for cross-correlation of orthogonal
components T
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BAY BRIDGE GROUND MOTION COMPARISON

Kinematic SSI andlys's conducted
mm@;ﬁﬂﬁﬁ%m“ using an identical set of freefield
e . ) depth-varying freefield motions
: 2.5-m sted pile battered pile group for representative foundation
oom for the new bridge systems for both the existing

’ —éé.am .
Jatem 16-inch timber pile group a EO7 footing and the new bridge.

-37.6m for the exigting old bridge
-43.6m
-49.6m

Spectral Acceleration, g

FREEAELD DEPTHVARYINGMOTIONS
-7.6m (at mudline)
-13.6m

-25.6m

49.6m

Relative Displacement, in

3
Period (Second)
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SEE

Response spectrum

» Fault parallel, fault normal
and vertical spectra

» 30% combination rule

Time history

» 6 earthquakes (3 on San
Andreas & 3 on Hayward)

» 2 horizontal and 1 vertical
motion per earthquake

» Near fault effects included

Seismic Loading
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Land Exploration Program

Yerba Buena Island
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Land Exploration Program

Oakland Shore
Approach
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ge Elevation

- 657 m f
12 m 180 m 385 m 80 m ,
= Elev. +160m
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Single Tower

2.0
( Gar;)

| Elev. +160.00m
|

Shear Link
( Typical )

Elev. +54.33m

Elev. +0.00m
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rSymmetricaI about
Strut Type 1,2 € Bridge
(Typ)
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Typrcal frame for haunched concrete grrders on Skyway Structure

Pedestrian /
Bicycle Path

9.0 m (29.5 ft)

Cross-section of haunched
concrete box
Sectron of
Skyway




Pile Cap: Piers E3 Through E6

US Army Corps
of Engineers




Bsll| Typical Cross Section
samcos P1EIS E15 and E16

of Engineers

maln Vert Relinf WY or "EY Line
slngle bar arrangement
shown, see table

"M" bars L//—-Symn about

15-#16 cross tles,see table Typ

Alternate 90° and 135" selsmic hook #16 Cont Total 52

horizontally and vertically

hook shall engage both
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ADINA Model of Typical Pier
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Barge Based Work

Most in-water construction will take
place from barges. Barges will be
used for:

Material delivery
Dredging

Drilling

Pile driving

Lifting

Pile extraction
Constructing cofferdams
Dismantling

Construction barges on the Vilano Bridge
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Construction Similarities

Substructure Constructlon

Pileinstallation at San Mateo-Hayward
Bridge
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* Caltrans’ proposed retrofit strategy was not reasonable due
to concerns regarding the isolation strategy, incompleteness of
design, and definition of performance criteria.

Conclusions

* Based on safety of the public to the seismic vulnerability, it
was the COE Team'’s opinion that, at this point in time, a
replacement alternative is preferable to a retrofit alternative.

* Seismic safety of the replacement bridge is being addressed
as Caltrans’ design team works towards meeting the seismic
performance criteria.

* The replacement bridge does not meet lifeline criteria as
defined in the Scope of Work and has not been evaluated @r
designed for MCE.




