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INTROI)LIC'TION •      The identi lication of replaceliient  as  the

The putpose <,F this report i  to sunimarize: preferred alternative
•   The scudie* prepared ti,r the Retrofit

Altenianre The purpose of the East Span Seist,#ic Safety
• Caltrans' decision Ic, consider Project is to provide a seismically upgraded

replacetiient of tlie east sp:iii of the San "lifeline" vehicular crossing for current and
Francisco-Oakl:ind Ba>· Bricige (SFOBB) future users between Yerba Buena Island
iii additic,n ti, retrolit (YBi) and ()akl:Ind. A lifeline connection

Comparison Nlatrix - Retrofit vs. Replacement

ISS'll. RETROFIT REPLA('EWIENT
Seismic Moderate to maior damage. Weeks co Minor to moderate damage. Operatii,nal within
Perforniance month. of repair  Perform:ince not as hours Cat reduced speeds). Nornial service
and 1)amage reliable :,A new bridge rornial traffic rebrored withiri weeks to month. 0,ice deck
After //ajor may tie,er he allowed hack on bridge ioints are repaired. Post-earthquake recoiery to

                   Seismic
Eient Replacenient may be necessary. at a time     region enhanced. Seismic Ad, ison Board (a

when entire region will need emergency panel of outside experts from academia and the

0"
funding. Post-earthquake  recovery to private sector) and two independent Value

E                            region impaired. Analysis studies concluded that bridge should be
1                                                                                        replaced and not retrofitted.
Z Time to Achieie   Seismic sal'ely not achie#ed until 111 Seit,mic ·cafety achieved t'or westhound traffic

E         Sebmic Safety retrofit work is completed. 3 ' '2 yea s after start of construction. eastbound

3                                  approriniarely si  years after start of traffic 4 4 year$ after start ot construction.
9. construction.

1.ifcline No Wo,ild NOT provide safe route for Yes. Would provide safe route tor emergency
('unnecti in emergency equipment atid supplie:i. equipment and supplies.
('onstructicin Significant construction above and Vast majority of construction is away from the

Erpi,sure adjacent to traffic lanes. highly existing traffic. Some constructtlin erposure
constrained construction zone nert to during the lie-ins for the detour rc,utes.

1                  ,„muBicycle / None. 4.7 meter ( 15.5 foot) wide pedestrlan/bike path
Pedestrian Path elevated 1).3 meters ( 1 foot ) abo, e t he roadway

 
Traffic During Many lane clostires but nol during Minimal impact. New bridge constructed
Construction commute hours. scheduled during the adjacent to eusting bridge. then traffic switch.

'9                                  day, evening and nights. This does affect Traffic switch will involke nighttime traffic

                                   construction duration. Some lane controls.

U                                  construction activities.
closurew almost eiery day for various

·2         Traffic After Bridge will continue to <,perate as it does    The replacement will operate significantly better
10 Construction today due to e.ristence of standard lanes. 3 shoulders in=
i                                                                                                   each direction providing a refuge area for

disabled  whicles and emergency,ehicle access.
Overall bridge operation will be enhanced.

                        Life Expectancy    5()
year< 150 years

6     Design
/ $ 1.085 billion (escal:lied to 2(102 at $ 1 .5 billion (escalated 10 2002 al .99/yr)

U ('on,itruction 39/yrl=10 Cost
M  ,
c i     1.ife Cycle Bridge will need to be redecked in about Modern structure. mostly concrete. steel portion
U 8 Alaintenance 20 years. Continuous painting of entire will ha;e a modern paint system requiring

1                                  structure. Over tinie. increased trallic minimal maintenance and painting.

R    »* will cause spreading of comii,ute hours
and affect maintenance work windows.
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in the selection or structural configuration
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and ductile responhe, the material control
would be excellent. and structure response

eniphasizes the urgency for all coinmunities would approxiniate idealized elastic
in the Bay Area to continue preparing fur response.

earthquakes.
CONSTRUCTION ISSUES

ALTERNATIVES For the construction issues of duration,

Froni a purely structural and analytical traftic disruption. and tratlic sat'et) .  the
perspecti ve.  there are many  ways  to provide retrofit and replacement alternatire, are
a seisniically upgraded vehicular crossing fundamentally different.
between Yerba Buena Island and Oakland.
Hi,wejer. for public works projects. there The work required to constilict either the
are values in addition to structural retrofit alternative or a replacenient

engineering concerns that must also be alternative has a number of di fferences  and
addressed. Three key values that Caltrans similarities in the nature of the construction.

incorporates in all projects. beginning with
the most important. are: Differences in construction include:
• Public safety •   Safety l'or traveling public
• Public convenience • Working adjacent to and above trallic
• Cost-effectiveness lanes

•   Construction risk duration of
There were two basic alternatives developed construchon
to address the issue of seismic safety for the •    Closing of tral'fic lanes
east sp:iii of the San Francisco-Oakland Bay • Yet·ha Buena Island access and
Bridge circulation
•      Retrofil the existing bridge •   Structure dismantling
• Replacement
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Siltiilarities in construction include: during coiiiniute periods and iiiuch ot' the
•    Scale (,t  work day. This substantially lengthens the
•    In-water construction construction duration for the Retrolit

•   C£,listructiciti staging ai·ea requiretiient:, Alternati;e.

The Replacement Alternative is superior to ECONOMIC ANALYSIS
the Retrofit Alternatire primaril> because of Ba,ed on the lili:-cycle costs and benefits
the clic)rter tinie to construct. less adverse considered in Retrc4it rs. New Bridge - An
linpacts to traffic Ilow. and the safety E.c·ononlic· Ana/\·sis /b,· the dist Spati cdthe
advant:iges re:iii/.ed by separating traffic Siwi Fratit·is,·c,-Oaklancl Bur Bridge, April
froin the construction zone. /997. the new bridge (skyway option) w'ould

cost about $625 million less than the retrofit
SCliE.I)UI.E. ISSUES option.
The comparison ol  schedules between the
replacement and retrofit alternatives can CONCLUSIONS
only be reviewed within the context of the All studies favor construction of a

current status of the project in order to replacement bridge over retrofit for the east
detennine which approach has the least span of the San Francisco-Oakland Bay
inipact on the current project schedule Bridge. The evidence is consistent not only

with respect to the crucial question ot
Iniplenienting a retrofit alternative at this seismic safely but also with respect to the
tillie would delay seisniie safety for key values d public and worker safety.
eastbound users of the east span of the San public convenience. and cost-effectiveness.
Francisco-Oakland Bay Bridge by 1 '/1 years

construction duration for the retrofit is With respect to seismic saltty. the Retrofit
and westhound users by 21/2 years. The Public Safety

longer than the duration for the new bridge Alternative is inherently less reliable than a
because the retrofit construction is replacement alternative. and reliability is a
constrained by the need to provide for public measure of safety. A new bridge will have a
convenience.  Daily lane closures allowing high degree of reliability as it will have
access to steel truss niembers cannot occur fewer and newer elements than a retrofitted

i lil l I Ilh I i... ( 111,11:lil I 1.1  |h I'll . 1 .1..1 \1'.ill \, 1..,111, h,Iii 1, 1,1 "1..' 1,1



structutr.  A replacetiient bridge  #ill meet •   Construction equipment. maintenance
the Ii I'eline pert'orniance criteria. equipment and traffic i Il,Inediately
Constrained by a 193()s level of material and adjacent to each other
e <inst niction technology. it i  impossible to
retrofit the existing east span to lit'eline For a replacentent alternative. the , ast
vandards with any reasonable degree of majority of the construction will be away
c<infidence from the existing east span.  This separation

eliminates conflicts between the
./7-- - construction crews. Inaintenance crews. and90<9-.,- 4.
mr-% r:     1       ...-       .   the tra\eling public.
1.44 4,/   9 i. .  9 -\

6 Airts revege    -4.MAkifits* 4* 4·-·'·i=*'-€*e                                                    T
tilirM   -TH' 9 ---       ...1 .

./ilier'  t.,1   -      4                        -7
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Seismic safety will also be
-- , ,

achieved sooner with the Replacement .

Alternative.  Seismic safety fur westbound
and easthound traffic will be achieved 2 1 4                                                     6           "11 *'-

years and 1 4 years Rioner. respectively: .i re _F- -than for the Retrofit Alternative. - =irol-

              The Retrcitit Alternative is less safe for thetraveling public and  for Caltrans
maintenance staff who will niaintain the
bridge during and after construction.  The
existing east span structure. which carries
274.()0() vehicles per day. is 4 kilometers I Itth'. » 1,11.I: 114 11,  il 'TI"ill  1,;11 1, ,11\  1,1 1,1,  ·Ill  ' ' '1 11 1 1,

(two and a hall' miles) of highly constrained
environnient. as high as 61  meters (200 feet) Traffic and Public Convenience
above San Francisco Bay, with five lanes of The Retrofit Alternative has a vastly greatertraffic in each direction and no shoulders for adverse impact on public convenience than a
eniergency parking. Construction for the replacement alternative both during and
Retro lit Alternative on the cristing bridge after construction.  Construction on the steel
would expose public and workers to truss elements above and adjacent to traffic
potential hazards such as: has the greatest impact on the traveling
•    Exposure of public and construction

workers to installing and removing lane
public and is expected to last for the
duration of the retrofit construction

closures schedule. approximately six years.
•   Construction adjacent to and above increased traffic control nieasures. daily

traffic lanes closures of multiple lanes. construction
equipment and niaterials in the adjacent
traffic lane would all have an impact on the
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users ol' the bridge.  With mo.st of the provided the Bay Area with the decision
c<instruction away from the existing bridge. making authority to include additional Costly
a replacement alternatipe will directly aff'eet amenities in the bridge pr(jiect (bicycle /
the traveling public only during the pedestrian path. signature span. Transbay
transition of traffic from the existing bridge Terminal impro,enients). The Bay Area has
to the ne. bridge. included such aiiienities in the replacement

bridge currently under design. The decision
After construction ot the Replaceiiient to add amenities is independent of the
Alternative. iwo new shoulders in each decision to replace or retrofit.  Cost-
direction will provide refuge areas effectiveness. therefore. retiiains a functh)n
accotrimodating disabled vehicles and of the base case replacenient wructure.
routine bridge maintenance activities.  The
Retrolit Alternative cannot pro, ide roadway Regional Preference
shi,ulder areas. Through  MTC. the region has identified a

locally preferred alternative for a
Cost-1- fleetiveness replacement bridge. This alternative is a
Based on ali fe-cycle analysis. the Retrofit single tower self-anchored su pensicin
Alternatipe is less cosi-effective than a mainspan/skyway viaduct on a northern
replacement structure.  Two economic alignment. The selection of the bridge type.
analyses evaluating the costs indicate that. iii location. and the decision to replace rather

a lili:-cycle analysis and including repair than retrofi L has been endorsed  by an
after a large earthquake. a replacement overwhelming majority of technical experts
alternative (skyway) costs less than a retrofit from aeadeinia. the professional engineerine
alternative. conimunity. and public agencies within the

Bay Area region.
It is ittiportant to note thal all analyses
regarding c<)st-effectiveness presumed a
"base case- replacenient structure that
would consist ol' a skyway structure or a

skyway/cable-
stay structuir.

rt
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deci.sion was 4 4-

nude to
consider
replacemenl
01' the bridge.
legislation
was adopted
(Senate Bill --

60 of  1997) to .-

--le
///u,I

provide l... --

., ,SR ;h.-

funding for
the project. dl K76 ...\
This
legislation
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1.0 INTRODITCTION

1.1    Purpose
The pulpose of this report is to sunimarize:
•    The Studies prepared for the Retrofit

Alternative
•   Caltrans decision to consider replacement ikA 'tk   e .0.544.   &  

of the east span of the San Francisco- ., 1...2----&--r-····-'*477--I'-*r
()akland Bay Bridge (SFOBB) in addition                              ·                '- 9*;,2, 1.-

to retrofit -7 .

•    The identification of replacement as the          ·  ·    -· ·   -
preferred alternative

1.2      SFOBB East Span
3eismic Safety Pri,ject

U:. G-qi

\.lil I·.lA:-. ·-( 1.11 1.111,1 15.:' lilid·Z.  i :.1 \1'.111
1.2.1      San  Francisco·Oakland  Bay

Bridge East Span fuel) in length with five traffic lane, in eachThe SFOBB is historically ititportant in the direction. east- and westhound.
Bay Area and worldwide. Construction of
this structure began in 1933 and was

1.2.2   Loma Prieta Earthquakecompleted and opened to traffic in  1936.   At On October 17.1989. the Loma Prieta
the time ot Its construction. the bridge was earthquake ( tiiagnitude 7.1 ) struck the San
the world's longest vehicular bridge. and the

Francisco Bay Area. causing 62 deaths and
Yerba Buena Island (YBI) tunnel. a double- $5.6 billion in property damage. and lea;ing
decked structure. was the largest bore tunnel 8.000 people homeless.  The epicenter of the
of it  time.  The foundations l'or the majority Loma Prieta earthquake was 96 km (60of the East Span piers are supported on 26-
nrwr (85- Awn) long Douglas fir timber niiles) away frotii the San Francisco-

Oakland Bay Bridge.piles.  With the foundations buried about  12
meters ( 40  fee t) into the bay muds. the

On  the  SFC)BB.  the Loma  Ptieta earthquake
timber piles extend down to about elevation

caused the Failure of the upper and lower-37 nieters (-120 feet) into the bay mud                                    ___-        _  _               _   .1
sedinients.

3,/.F 7.cot . - I .:. 9 h-.
The SFOBB provides regional access  52,1 Ey,i'· r      t
between San Francisco, the Peninsula and ....Mt f   '' 4/. 7144    ,
the East Bay. Currently. approximately 1.I .,1.'Ill//1:tirED#billi/a:9622:.123:1:Elirlit:-5.*.Il..  I. I .   ,I.-
35().()00 people in 274.000 vehicles use the

. .F.rk. . *EV60 f4/633 1 -bridge each day.  As a coniponent 01 . ,·r--irr--7 --„rr
Interstate 80 ( 1-80). it is also a critical link in .1,62. %/9  'N 9. i. -4--1#
the Interstate I)efense Highway System. **The SFOBB East Span. which carries
vehicles between YBI and Oakland. is a al Pil,

\  4.-double-deck structure 3.697 meters ( 12.127 1-1
Failure at Pier E-9

5.111 11,Illi i .iii  2 1:lk 1,1IB,1  1 1.1',  l i i ILI, .· 1  .l.1  ,P.,11 5, t..111 1,  5.11 -'1 \  1,1 tili:
i 1'.11-' 1 1



Retrofit verSits Rei)lacelile;11

decks at Pier E9 (see photo on previous major population centers, emergency relief
page). A truss broke free from its support routes, emergency supply and staging
causing the upper deck to collapse on to the centers, and intermodal links to major
lower deck. In addition, all 25 mm (l-inch) distribution centers. The project will
diameter bolts attaching the north and south upgrade the facility to meet current
fixed shoes to their supports sheared off at operational and safety standards to the
each of the Piers E 1 8 through E22. These greatest extent possible. Additionally, a new
shear failures allowed the shoes to slip back bridge will not preclude construction of a
and forth in the east-west direction. pedestrian/bicycle path.
Fortunately, the displacements were not
great enough to result in collapse of The need for the project is based on the
additional spans. following factors:

The East Span was closed for four weeks •   The existing East Span is not expected to
while the damage was repaired. The closure withstand a maximum credible
of the bridge had tremendous impact to earthquake (MCE)* on the San Andreas
commuters who had to be rerouted to other Fault (an earthquake of magnitude 8) or
Bay crossings, including other modes of Hayward Fault (an earthquake of
transportation such as ferries or BART. magnitude 7 1/4).

•   The East Span does not provide a lifeline
No analyses have been conducted to connection for the expected high level of
quantify the economic impact specific to the transportation service necessary forclosure of the SFOBB. However, the emergency response and support for the
Association of Bay Area Governments economic livelihood of the Bay Area
(ABAG) did conduct an assessment of the following a MCE.
regional macroeconomic impacts of the
Loma Prieta Earthquake. ABAG concluded •   The existing bridge does not have

              that the maximum loss to the Gross standard lane widths.
Regional Product was in the range of $ 181 •   The existing bridge does not have
to $725 million. ABAG noted that San roadway shoulder areas for disabled or
Francisco suffered a significant loss ($73 emergency service vehicles.
million) in taxable sales activity, and that "a
major portion of the loss in economic A MCE on the San Andreas Fault could
activity in San Francisco may have been due generate substantially more energy than the

,·to a loss in transportation access Loma Prieta Earthquake. This is due to the
("Macroeconomic Effects of the Loma potentially greater magnitude of the MCE
Prieta Earthquake," ABAG, 1991). compared with that of the Loma Prieta

Earthquake. For example, the  1906
1.2.3 Project Purpose and Need earthquake (magnitude 8) released 16 times
The purpose of the East Span Seismic Safety more energy than the Loma Prieta
Project is to provide a seismically upgraded Earthquake.  This is shown graphically in
"lifeline" vehicular crossing for current and seismogram traces of the two earthquakes
future users between YBI and Oakland. A from seismograph instruments in Gottingen,
lifeline connection provides for post- Germany. This provides a unique
earthquake emergency relief access linking comparison of the two events as the same

*  A m:iximum credible earthquake (MCE) was referred to in the DEIS. which rellects a deterministic approach to describing
earthquakes. Based on recommendations l'rom the Metropolitan Transportation Commission's (MTC's) Seismic Advisory
Board and Engineering Advise,ry P:ind. the earthquakediscussionsin the FEIS will  rellect both adeterministic and
probabilistic :,pprouch (i.e.. describing earthquakes in terms of their return period).

S:in Francisco-Oakland Bay Bi·idge East Span Seismic Sativy Project Paee 1-2
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instrument was in operation during Loma
both earthquakes. Prieta brth

.    . . .   -.

The proximity of the bridge to the                   P              R       MT                       S                         S
San Andreas and Hayward faults Loma

E             Prieta lid

also increases the potential for the E                 -                 1# =  -

epicenter to be nearer the bridge. . P pp      pi,p                     s                       ss

5-

An epicenter close to the bridge vi .

would result in greater
seismic                     1908     Rath

forces acting on the bridge. P                   Ppm                               5                                  88

A MCE on either the San Andreas
or Hayward fault would cause
heavy damage that would likely be

0             2             4                                          Wmuch more widespread than the
Loma Prieta earthquake, including TIME - seconds x 100

the collapse of thousands of Comparison of the 1906 and Loma Prieta records at Gottingen. Germany
buildings, extensive infrastructure
damage, and major loss of life. The magnitude 6.0 to 6.7 over the same period.

magnitude of such a natural disaster would Therefore, it is imperative that the SFOBB
necessitate the kind of emergency access East Span Seismic Safety Project be
provided by a bridge serving as a lifeline completed as soon as possible.
connection.

The Hayward fault is located in an area that
1.2.4 Project Alternatives

Caltrans has considered and performed
is more densely populated than the area engineering studies on a range of possible
where the Loma Prieta earthquake hit. project alternatives for the SFOBB East
According to the United States Geological Span Seismic Safety Project. The following
Survey (USGS), a MCE on the Hayward alternatives were considered in the Draft
fault will cause more damage than a MCE Environmental Impact Statement:
on the northern segment of the San Andreas

• No-BuildFault.  On the existing SFOBB East Span, a
MCE could cause multi-span collapse, • Retrofit Existing Structure
potentially resulting in numerous immediate • Replacement Alternative N-2casualties and requiring niany nionths to
reopen the bridge or years to build a • Replacement Alternative N-6
replacement. As a result, immediate • Replacement Alternative S-4
emergency response and more long-term
economic recovery would be delayed. No-Build Alternative

The No-Build Alternative would retain theAccording to a recent report by the USGS,
the Bay Area faces a 70 percent probability existing SFOBB East Span. The No-Build

Alternative assumes that the interim
of an earthquake (magnitude 6.7 or greater) retrofitting of the East Span has beenover the next 30 years causing damage equal
to or greater than the $20 billion Northridge completed as a prior project. The Interim

Retrofit Project is currently underway to
Earthquake of 1994.   The Bay Area faces an strengthen bents and columns on the viaduct
80 percent probability of an earthquake of section on YBI and strengthen piers, bents,

S:,n Francisco-Oakland Bay B,idge East Span Seismic Sal'ety Proiect Paee 1-3
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and trusses al selected locations on the

structure. so that the existing East Span                                                                           iwould be able to withstand a moderate
earthquake. The Interim Retrofit does not
protect the bridge from a catastrophic failure
during a large earthquake. The No-Build                  ·-

                Alternative was ek,iluated priniarily as abasi  for comparison with the other
alternatives.  The No-Build Alternatipe does
n„t satisfy the Project purpose and need.                      ·                         · · .     ·   ·

Retrofit Existing Structure Alternative -  3   ·   ,„ · - „.-LA., -73._..-t      .1.'   -

The Retrofit Existing Structure Alternative
would retrofit the existing bridge to
withstand a MCE without collapse.  The
seismic retrofit strategy is based on isolating
the superstructure from the substructure
(towers. and foundations). This work   ....,I
includes constructing additional large -

...1    1.        .   F            L  '1i L

diaiiieter piles and new pile caps around the
existing foundations. stiff'ening the towers.
installing isolator beanngs at the top of the
towers. and strengthening anci/or stiffening l'IIi,[E'-\1!11111.1111)11*l'| Rt'Il-Flfit 1 \1lt)!ls Stllictitie All.'Tilall\·.·
the superstructure truss members. Two new

|  .11111.11ll K-4 4/ ill,1 |t,1.1*dee 1.1 1 \1'.111 3,21\1111. \.11 ·1 1'1,1.·LI ! ' .1. . ,   1    :



large deepwater piers would be added to the transition fi·om a double-deck viaduct
cantilejer span. Although this isolation structure to two parallel structures. The
0trateg> reduces the level of superstructure 3.585 meter ill.759 fuot ) long span would
ilioditications. the superstructure would Still reach the Oakland shore along the northern
require significant modifications to edge 01- the existing ()akland Touchdown
strengthen and stiffen the elements of the area and conform to the existing tral'fic lanes
truss members.  An external steel truss to to the west of the SFOBB Toll Plaza.
restrict deformation of the cantilever section Alternative N-2 would include a
would extend from the base of the lower pedestrian/bicycle path on the south side of
deck to the bottom of the upper deck. The the eastbound structure.  The path would be
external steel truss is highlighted in orange 4.7 i,ieter ( 15.5  teet) wide and 0.3  irieter ( 1
on the photo-siniulation on the previous ttiot) higher than adjacent lanes. This
page. The external steel truss would be alternative would tneet the Project purpose
painted to match the existing bridge and need.

Even with these modifications. the bridge N-6 Alternative
would still experience substantial damage in Replacement Alternative N-6 is similar to
the event of a MCE. and therefore not meet N-2. but the proposed bridge would be
the lifeline criteria. This altern:itive would aligned north of the existing structure and
not provide For improved lane widths and Replacement Alternative N-2. Thix
roadway shoulder areas on the existing alignment has been designed to maximize
bridge. therefore. current highway design views to the north of YBI while mininiizing
standards could not be attained. Also. this intrusion into portions of the Bay where
alternative does not provide t'or a pedestrian geologic conditions increase the coinplexity
/bicycle facility.  Due ti) these limitations of and cost of constructing bridge piers.  The
the Retrofit Existing Structure Alternative. it overall length of Alternative N-6 is
does not fully satisfy the Project purpose approximately 3.621  meter (11.877 feet).
and need. The alignnient approaching the ()akland

Touchdown area is similar to Replacement
N-2 Alternative Alternative N-2.  Alternative N-6 would
Replacement Alternative N-2 would include a pedestrian/bicycle path on the

             bridge decks. each

construct a new bridge (two-side-by-side south side of the eastbound structure.  The

deck consisting of five
til. 1lanes) north of the

existing alignment and
would dismantle the
existing structure. The

---    . ,-  t. taligninent has been .....

designed to Ininimize .-9
./ .4...the length of the new

bridge by closely -It

following the 3. Y V /9
alignti]ent of the -k:-
existing East Span. 2.-
East 01' the YBI tunnel.
the alignment vvould

l'ht,t,• .inid.iti,!i ·11(el,1.1,;Fikm \Irein.n!„·\Iz.t,ii:zi·Ili·,ih,·i).4.h;2,1
1,•11. h,1, ' . \ n l i ,\ 1: <1 3 I i i
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path would  he 4.7  meters ( 15.5  feet) wide adjacent traffic lanes. This alternative would
and N.3  nieters  ( l foot) higher than adiacent lileet the Project puipose and need.
trat'tic lanes. This alternative would meet
the Pri,ject purpose and need. 1.2.5   Other Alternatives Considered

and Withdrawn
S-4 Alternative Caltrans considered several other project
Replacement Alternative S-4 would be alternatives that were ultimately withdra n
located south of the existing East Span. The l'rom further consideration.  The alternative
alignment would exit the YBI Tunnel on a aligninents and the reasons tt,r withdrawal
double-deck viaduct and transition to two are identified in the Draft Environmental
parallel structures. The 1 1.644-foot long Impact Statement and are summarized here.
span would reach the ()akland shore south
of the existing East Span and transition to N-1 Alternative
the existing roadway west of the toll plaza. Replacement Alternative N-1 is a 3.685
Alternative S-4 has been developed to avoid meter ( 12.087-foot) long  replacement
offshore conflicts with the alignment ot' the alternative located to the north of
existing East Bay Municipal Utility Discrict Alternative N-6. Howeper. based on
(EBMID) sewer outfall. which parallel  the geologic data. it was determined that
existing East Span to the south. Alternative approximately one-half of the N- I alignment
S-4 would include a pedestrian/bicycle path would fall within area, of deep young Bay
on the south side of the eastbound structure. mud. increasing the complexity. schedule.
The path would be 4.7 :ieters ( 15.5 feet) and cost of constructing the bridge

             wide and
().3 meters ( I foot) higher than substructure while potentially reducing

\.12 1   11} . 'lk'til,11'.!.,Ii :,1-'.1,1\1 V.ill \,'. 11':  \.!t



Retri,fit versus Replaceinelit

 
seismic performance. Therefore, Alternative YBI as possible, Alternative N-5 was
N-1 was withdrawn from further withdrawn from further consideration.
consideration.

S- 1 Alternative
N-3 Alternative Replacement Alternative S-1 was defined as
Replacement Alternative N-3 would place the most direct alignment between YBI and

                 the main span tower close to YBI, where the Oakland Touchdown. However, this
geologic conditions are most favorable for alignment would not meet superelevation
the tower footing, thus facilitating the design standards for curves at the YBI
construction schedule by reducing the tunnel approach, requiring a mandatory
amount of in-Bay excavation. Alternative design exception and affecting roadway
N-3 is located to the south of Alternative N- safety. Furthermore, this alignment would
6.  However, the tower location would create significant conflicts with the EBMUD
require the roadway horizontal and vertical sewer outfall. Therefore, Alternative S- 1
alignments to be modified to less than was withdrawn from further consideration.
optimum configurations, resulting in
restricted sight distances, which affect driver S-2 Alternative
response, and therefore safety. Therefore, Replacement Alternative S-2 provides
Alternative N-3 was withdrawn from further broader radius curves than the S-1
consideration. alternative at the YBI Tunnel approaches,

avoiding the need for design exceptions.
N-4 Alternative Furthermore, this alignment would avoid
Replacement Alternative N-4, a offshore conflicts with the EBMUD sewer
modification of the N-3 alignment, provides outfall. However, construction staging to
for a  180-meter (591-foot) tangent (straight) maintain five lanes of traffic in each
roadway section at the YBI tunnel approach direction would require construction of

             on
the westbound alignment. This temporary detour structures out to the

alternative was designed to satisfy design cantilever section of the existing East Span.
standards by preventing westbound traffic Further investigation indicated that the tie-in
from entering the tunnel portal on a curve. of the temporary detour structures to the
However, because of the deep water location cantilever section would be complex and
of the main span tower, resulting in potentially could compromise structural
increased project cost and lengthened integrity of the existing structure.
construction schedule, Alternative N-4 was Therefore, Alternative S-2 was withdrawn
withdrawn from further consideration. from further consideration.

N-5 Alternative S-3 Alternative
Replacement Alternative N-5, a Replacement Alternative S-3 is a refinement
modification of Alternative N-3, consists of of S-1, which would also eliminate the need
a larger curve radius for the westbound for design exceptions for superelevation of
alignment entering the YBI tunnel portal, roadway curves. However, this alignment
reducing or eliminating sight distance would require construction of detour
concerns. However, based on the desire to structures similar to those described for
place a tangent roadway section at the Alternative S-2, raising concerns for the
westbound alignment approach to the YBI structural integrity of the existing East Span
tunnel portal and the need to place and cantilever section. Therefore, Alternative S-
maintain the main span tower as close to 3 was withdrawn from further consideration.
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2.0 PROJECT HISTOR;
Loma Prieta Earthquake

                                                                                    There is a 1(ing history in the decision to
 University Research 01 replace the east span of the San Franci co-
/ Retrolit Design Issues

(1990 to 1995) Oakland Bay Bridge rather than retrofit.
The decision has been based on careful

Eompeting Against Time"

Seismic Advisory Board
study and analysis.   This section
Sumniarize  the key decision points and

Toll Bridge Seismic Safety Peer activities that led to the alternative that best
Review Panel

serves public safety.
1| Calt ans begins design phase of

 1
Retrofit Plans (1994 to 1997)

                                                                IIT E$zMY.e --

October 17.1989
Loma Prieta Earthquake

alue Analysis Study On October  17.1989.  the Loina Prieta

 SAB and TBPRP Recommends Earthquake ( magnitude 7 1) slruck the San

 
replacement Francisco Bay Area. causing 62 deaths and

 1||Economic
Analysis 55.6 billion in property damage and lea& ing

8.()0() people hoineless. The epicenter of the
 Acretary or BT&H

il/recommendation Loma Prieta   r              .   -     -    -    - -
Earthquake      5--- _

4  GovErnor
announces .-7-4 ....            i

                                                                     replacement to

be studied was 60
miles    F..Ti->.42   - /

MTC Bay Bridge Design away from
Task Force the San

964-*Arria.2212* 
EDAP/Task Force Design Francisco-

_  Workshop Oakland Bay   ,ewfy 2. -=222 
Interim Retrofit Proiect Bridge. - 1/6.12.-
SFOBB Seismic Safety I al F.,9  Peer Review Panel On the ,"Ill"'llif6 \  33,-
San Francisco endorses SFOBB. the
northern alignment Lorna  Prieta  Earthquake caused signi ficant
EDAP Recommendations damage at a number of locations including

the failure of the upper and lower decks at
-                                                                                         Pier E9 (see photo above). A larger or

Task Force / MTC Approval

/ Senate Bil160 longer duration earthquake would likely
•,I' ·T San Francisco offers YBI property have re, ulted in a multispan collapse of the

1                                                        -,»--5'„embly Bm '99

1. t:·C ' 11 east span.

Task Force Design The east span was closed for four weeksiggg, *-Recommendations while the damage was repaired. The closure
Sari Francisco comments on DEIS of the bridge had tremendous impact to
and endorsessouthern alignment commuters who had to be rerouted to other
US Navy denies Caltrans access bay crossings. including other modes of

fggg) -- to YBI for Geotechnical
Investgations transportation such as knies or BART.

Many decided to avoid discretionary trips
S„ con,rms replateme„ as

- preferred retrolit strategy into San Francisco.

COE evaluates impacts toecrj// I002..0EBMUD sewer outfall

    San Francisco endorses rfolit
\over replacement

S.Ill 11,1/1. Ih: „ 1 ).iki,/11,1 11.11 1 1.1<tei.' 1 .t.t \p./11 \el,Ini, 1.11/1



1990 - 1995 -Ihe rep<,11 i# 11(,t ft)r public· release 11<,r
University Research of Seismic Retrofit ft),· reti· )fit design:
Design Issues
Constructed in the 1930s with literall> This  report  w :i  one of the reports  subniitted
hundreds of thousands of individual in draft and never finalized.
structural elements. the east span was
immediately recognized to be an extremel> Additional reports were prepared for a

             complex and difficult bridge to asses  for variety of te ts performed by Professor
retrofit strategies. Research projects were Astaneh. A wainpling ot' his reports are
started soon after the Lorna Prieta listed in Appendix E.
Earthquake to better understand the
vulnerabilities of the east span and to • SEISMIC RETROFIT CONCEPTS

develop retrofit strategies tor construction.                 *           FOR rHE BAY BRIDGE

................
............... .

The State entered into various contracts with                             1          ---48 ·- ,,'     1
=NAMB"22;jthe University of Cali fornia at Berkeley

(UCB)  to conduct research and prepare la. reports on the seismic retrofit of the State-

owned toll bridges. Professor Abolhassan :*61'2 AAstaneh-Asl. a Professor of Civil , 14,5.0
Engineering at UCB. participated in this . l  i  .-'33»  
research together with other UCB profeshor 
and students.

.....„.............

During the period of these contritcts.                              m      "··  ···   · ·- ··'·· ·
Professor Astaneh conducted several                      i                   - - -  -
research efforts in laboratory testing 01                  _I
structural steel elements. Professor
Astaneh's research focused on the east span. These reports were limited in scope and
but its intended use was to offer general were intended ti, focus only on bridge
insight into the challenge of seismically menibers. The reports provided insight for
retrofitting large steel bridges like those development of retrofit strategies for
which were to be retrofitted throughout elements of the bridge. However. none of
California ah part of the toll bridge retrofit the reports studied bridge desien or

                program.Only a portion of the contracted foundation design.
for reports were produced. and many of the
reports that were produced were in draft May 31,1990
form and were never finalized. "Competing Against Time"

A Report by the Governor's
The research contracts with UCB were not Board of inquiry
contracts for production of contract Plans. On November 6.1989. then-Governor
Specifications and Estiliiates (PS&E). This George Deukmejian created a Board of
was understood by the UCB staff as Inquiry (Governor's Board) to investigate
reflected by the following statenient which the collapse of the Cypress Structure of
appeared on the cover of the report titled Interstate 88() and spans of the San
..

.Jeismic · Retr )lit C ,ncepts forthe Bay Francisco-Oakland Bay Bridge. The
Bridge. Governor's Board was made up of eleven
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experts iii the fields of civil. structural. and
seis i iii c earthquake engineering and design. Per Recomniendation 5. the formation of a
and earthquake science.  The Governor's permanent Earthquake Advisory Board of
Board was chaired by Dr. George Housner external experts was established in the
of the Call fornia Institute of Technology. sumnier of 1990 and is known as the

Caltrans Sei mic Advisory Board.
The Go5ernor's Board made the following
eight recolii,iiendations to the Governor· Surnrner 1990

1.    Allirm the policy that seismic safety Formation of the
Caltrans Seismic Advisory Boardshall be a paramount concern in the
In response to the Governor's Executivedesign and construction of transportation+ Order D-86-90. the Seismic Advisory Boardstructures

(SAB) was formed. The SAB
2.  Establish that advises Caltrans on seisiilic

( .0 M P l 1'1\ ( ,  A G I T\f T T I M F
earthquake safety is a safety policies. standards. and
priority for all public technical practices. The SAB
and private buildingh consists of preeminent experts in
and facilitie  within the -214/; 10d seismology. geotechnical.-    Eri
State

 11 -*F. 1 El
engineering. and structural

engineering from the earthquake

Sat''ty Commission to itaifillimilfc*1 engineering colii,nunity and3.  Dir ct
the Seismic

review and advise the
.

#1=.i I l,z, 1     academia. The menibers of the
 l-Le.:s;1  .:4:41    SAB at that time were:Governor and

Legislature periodically - Joseph Penzien. Chair SAB.
on State agencies' Professor Enieritus. University of

"
actions in response to the Califtirnia. Berkeley. one of the
recommendations of this pioneering researchers in inodern
Board of Inquiry bridge seismic analysis and design

4.  Prepare a plan. including schedule and ground motions
resource requirements. to nieet the •   Bruce A. Bolt. Professor Emeritus.
transportation seisinic performance University of California. Berkeley.

                 policy and goals established by the world-renowned seismologist. Mr. Bolt
Governor is credited with alerting Caltrans to the

5.  Form a permanent Earthquake Advisory near-field velocity pulse (i.e. seismic
Board of external experts to advise -'fling")
Caltrans on seismic safety policies. •   John F. Hall. Professor. California
standards. and technical practices Institute of Technology. leader in the

6.  Ensure that Caltrans' seismic design field of earthquake engineering

policies and construction practices meet
the seismic safety policy and goals

•    Alexander C. Scordelis. Professor
Emeritus. Uni versity of Cali fornia.

established by the Governor
Berkeley. pioneering researcher in

7.  Recommendations for specific structures structural bridge analysis

8.   Recommendations for other agencies •   Nicholas F. Forell. Founding Partner.
and independent districts that are Forell / Elsesser Engineers. Inc. Building
responsible for transportation systetiis Seismic Safety Council delegate and

0.111 1 ' .11]i 1% ' 3 1 ).lk 1.111(1 11.lE lil lil• ·i' 1 .1'·1 ip,ill i,·1\:111, h.11 4.'1  1 '1 ".': i P. 2.· 2  '



past president of the Applied itiei,iber, c )1' tlie (icirer,i )r'A Bi)(iril (4
Technology Council. With Mr. Farrell'+ Inquit·\· Lind c),te is tlie ihairnitin <)1'the

                  passing in February 1998. he
was A'n,witle('/7,1,W Criteria Rerieit· Bcurd ft,r

replaced by: tile Bay Cinisen·uticni und Derelc)pinelit
('(inimissitur. .·tilother meinberis tlte

F. Robert Preece. President. Preece. rhilir of the Seismic· Rerearch Adrixi,r\·
Goudie & Issa. San Francisco, respected i,u'lel...

practicing structural engineer in
Calif'ornia Noted in this report. the SAB identified a

lack ol- progre s on the State-owned toll
•   Joseph P. Nicoletti. structural engineer.

bridges stating.URS Consultants. San Francisco. a

                  leader in structural engineering in
California 'Altlic,ugll tIle .\ize cinci c'c,i,tple.ritr <)1 tlie

trill bridge.r i„Like.f pip,Vi·e.r·,i· .1 k,15·er. their
•   I. M. ldriss. Professor of Civil and i1141£,rtani·e puts a preittium <)11

Environmental Engineering. University i·ompletic,it beft,re they fire dalitaged iii
of California. Davis. world-renowned un eart|Iquake."
expert on seismic site response

•    Frieder Seible. Professor of Structural The SAB continues today in its role as
Engineering. Uni versity of Califomia. advisors for the replacement of the San
San Diego. expert in finite elenient Francisco-Oakland Bay Bridge as well as
analysis and structural element testing other seisniic policy issues on pnvects

                                                                       In January  1994.

throughout Calif'ornia.

lili 0(1\11\11\11(11\111\1,1
the  status  of i he 1994

SAB was reported Caltrans Toll Bridge Seismic Safety
as follows in a Peer Review Panel

report to the in response to the SAB finding that the
-

Director of State-owned toll bridges were an iniportant4-:;f..
- ..ir L » Transportation element of the transportation systeni and

I .  r-        - entitled The therefore carr>· great importance to the State.
« 1.

 
Ckmtiltlthig Caltrans  formed a Toll Bridge  Peer Review
Challenge. The Panel (TBPRP).   The mission ok the TBPRP
Northridge was  to review and  guide the  retrofit
Etirthquake (4 strategies under development l'or the State-
January 17.1994. owned toll bridges. The panel was

comprised of erperts from the fields of
'The Ctiliftinlict Depart,nelit cif seismology. major bridge design. and

'rrtinspi,rtation established a bc,ard <4 construction.
eight leading experts in the field fil'
seismic· engineering and design. The panel nietiibers and a briel' sumniary of
C'ciltran.p Bridge Earthquake their credentials are as follows:
Engineering staff and Incinagelne,111,wet
Mith the SAB quarterly ki obtain their Mr. Charles Seim (Panel Chair) is a world

apprcival of new criterici and solicit tlieir renowned bridge engineer currently working
adri ·e cin future derel )pniena.  F(mr of for TY Lin International.  As a Senior
the eight boird member\· wei·e al„ Principal and the Senior Bridge Engineer of

\,iii I I.Iii.i-,··, 1).ik i.1111111.t\ IL,1,1"el,1.1 31.,111 \i!.!14. h.11.·1·  14 )1,2 1



Retrofit versus Replacement

the firm, he manages the design of major retrofit construction project. Caltrans design
bridge structures, conducts structural engineers met with the Seismic Advisory
investigations and writes engineering Board on a quarterly basis as the design and

reports. Prior to his work with TY Lin, Mr. plans progressed. The purpose of these
Seim worked as a supervising bridge meetings was to confirm that the proposed
engineer with Caltrans where he was in design was appropriate for the conditions.
charge of the California Toll Bridge
Maintenance Unit that includes the As development of PS&E progressed it
maintenance of the San Francisco-Oakland became clear to the Department that the
Bay Bridge.  Mr. Seim is the engineer of retrofit would be extremely costly due to its
record for the seismic retrofit of the exceptional complexity. The retrofit project
mainspan of the Golden Gate Bridge. was broken into a series of ten contracts

totaling over $900 million in construction
Dr. I.M. Idriss is an internationally costs.  By late 1996, the PS&E packages

recognized expert on-site response to were developed to levels of completion
seismic motions.  He is a Professor of Civil ranging from 65% to 95% completion before
and Environmental Engineering at the it was determined that a replacement
University of California at Davis (UCD). alternative was the best retrofit strategy for
Dr. Idriss recently received an award from the east span of the San Francisco-Oakland
the University of California for outstanding Bay Bridge. The retrofit strategy for the
service and contributions to the engineering east span is further described in Section 4.0,
community.  Dr. Idriss' membership on this Retrofit  Alternatives.
panel is but one example of his continuing. ,
service to the community. September 1996

Cost Estimate Investigation for a
Mr. Jerry Fox is an expert bridge designer. Replacement Structure for the East Span
Before retiring, Mr. Fox led the bridge of the San Francisco-Oakland Bay Bridge
group at t [B, a major bridge design firm. With the estimated cost to retrofit the
At HNTB he designed a variety of cable- existing east span having escalated to over
supported bridges including long span steel $900 million, then-Caltrans Director James
and concrete bridges.  Mr. Fox remains Van Loben Sels questioned the cost-
active on several bridge committees and effectiveness of retrofitting the existing
panels guiding others with his bridge and requested that a cost study be
internationally recognized expertise for prepared for a replacement alternative for
designing large bridges.  He is of the highest comparison purposes.

                 caliber of large bridge engineers.
To assess the cost implications of a

Late 1994 - 1996 . replacement structure,
Caltrans Begins =533 the Caltrans Office of
Design Phase of .-: .i Structure Design,
SFOBB East Span m    ;          '     '..W..1-'fz-5,&

1.%f.i-P-=137 91"  -'7 - ---  -·- 2 .,935.-- SFOBB Special
Retrofit PS&E C._·-.---1-- - ----,-»----- .... ri» Analysis Unit, Design
Once possible retrofit "'=

=33'.P. ..., 11 Section 9, and the
design strategies were -,-40-->      2 „„....  ,·. 1 1-31, Structure Estimating%-7-8
determined, Caltrans . 2---.01 7-3,1,  / prepared a study
began production of the 'il - *....., ......, of replacement

--- JVU

plans, specifications and ···«4.·   fc.-/
2%2 .........=        1 1

....                             . 3. ee.-:--·
...tEEj   alternatives as a seismic

I lillI*.*....•, *.

estimates (PS&E) for a      I -     611.-2#.-41 --4& retrofit measure.
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pl

4.'. To assej staff recommendations. Ventry

Engineering was contracted to perform a
value analysis ( VA ) of all alternatives
including retrofit and replacement

:1*ZI. alternatives. The Value Engineering Team
was led by William F. Ventry. P.E.. C.V.S.
Mr. Ventry is a Certified Value Specialist

4- (CVS).
3''ie              4-1-4-//

e:# '»   .    '.'
1 - 52=..4& -   -                            A teani of technical experts covering the

areas of structures. geotechnical. highway.--1423.-
construction. environmental. and value

"t.,LeI.....
engineering reviewed the alternatives. The
following firms made up the Value

Five alignments for replacement bridges Engineering Teani:
were reviewed including four northern • Ventry Engineering
alignments and one southern alignment. •   OPAC Consulting
Seven bridge types were studied including •   National Constructors Group
variations of concrete and steel viaducts. and • Tokola Corporation
concrete and steel cable-stayed structures.

The Ventry Engineering report Sunitilarizes
The preliniinary design resulted in the results of a VA study of the east span for
replacetilent costs ranging frotii $9(X)
inillion to $ 1.4 billion.  The cost for each conducted for Caltrans. The  tudy cotizpared

the San Francisco-Oakland Bay Bridge

replaceitient alternative is directly related to alternatives that would provide acceptable
structure type. transportation capacity. and earthquake resistance t'or the east span.
alignment. The selected seismic ranging from retrofitting the existing bridge
perforniance criteria were also noted as a to construction of replacement structures
significant contributing factor in the cost of with varying designs and locations. Below
a replaceinent structure. are quotes froin the VA study. followed by a

brief sunimary of some ot' its conclusions.
December 1996
Value Analysis Study .9.1 he  Value Analysis smdies lead U, a
Upon completion of the cost estimate study i·lear (·cilir|lific,n th<,1 bridee replit<·ement
for a replacement

            alternative. the
is + better uptic,11 tlicin brief,Ve retmfit.

4  , 91*6.*,4..ir This is true ft)r till is.r·ties· 0/the p,·r,jec·t
Calir:Ins I)irector -h *ie.*AA./0 4       thilt were stu lied. These /.\VieS.

requested an                           Il                                  chissitied here a.,
independent /  )  (·0.\·t,
assessment of the 2) perfunmini·e,
staff                                  ' 3 ) inatittellittice.
recommendation 4)  enrircinment.  and
to replace the 5 ) owstru ·li ),1.
existing  east  span are discusied tilt the reiuirtl.
rather than Replat·enwnt is the better c,ptic),11#,r eat·11
retrofit. 0/ these i.\·A·UeA· - ret/·71/it /kis ni,- ie advantages din·enkible upider \'allie--./-'...

I.-==
n.*- 1..
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Retro,fit pei'sits Replacente,it

analysis. The discussion below is Bay Bridge should be retrofitted or replaced.
one-sided in favor of replacement The following are quotes from that letter:
because that reflects the findings of the
Value Analysis studies. "Both the SAB, iii its charge to addressff

and advise Caltrans on seismic policy,
The Value Analysis concluded that: (ind the  ITB] PRP,  in its mission to

review seismic safety issues regarding•   A replacement bridge is less costly in all all toll bridge retrofit designs, supportcost comparisons (construction cost,
maintenance cost, life cycle cost, travel replacement of the  East Bay spans of the

Scin Francisco-Oaklcind Bay Bridgecost, post-earthquake damage repair
Cost).

rather than the retrofit of the existing
structure. Without considering politica 

•   A replacement bridge will perform better and legal issues, we have based this      
structurally and as a transportation link. position 011 technical evidence which      

.-. -

Its seismic performance is also better. clearly favors the construction of a         1

replacement bridge over retrofit of the- •   A replacement bridge can be built to
old bridge. The evidence is consiste,itreduce future maintenance requirements. not only witli respect to the crucial

•   A replacement bridge provides an question of seismic safety but also with
opportunity to remove existing features respect to reliability, co,istructibility,
or avoid new features that contribute to traffic maintellance, structure
environmental impacts, and to add new maintencince, initial costs, life cycle

fffeatures that would reduce costs, aild eiivironmental concenis.
environmental impacts.

"It is our opinion thclt Caltran,s'•   A replacement bridge can be constructed
engineers are employing state-of-the-artwith fewer traffic disruptions, with
technology a,id rece,it research resultsgreater work crew efficiency and with iii the retrofit desigitfor the existingfewer construction risks such as contract
bridge to e,isure sitfety (110 collapse)

delays. It can probably be built faster.
during a maximu,11 expected earthquake

•   Retiofitting has inherent uncertainties. It for this locatio,i: but the expected
..I./.--

is prone to design detail problems, delay perforniance envisio,is the occurrence of
and added cost, which cannot be crilTrgortrqfficinterruptionfollowing  the
reasonably measured or evaluated. eartliquake. A new bridge could however

be designed with i,iucli greater
December 10,1996 reliability to respond favorably to a
Recommendations by the major earthquake of this type. The
Caltrans Seismic Advisory Board and design of a iiew structure would  be
Seismic Safety Peer Review Panel unconipromising i,1 tlie selectio11 of
The SAB and TBPRP were briefed on the structurcil coiffiguratioii cind ductile
retrofit project on a quarterly basis.  As the respolise, the niaterial control would be
design progiessed, the SAB and TBPRP excelle,it, and the coinplete structure
became concerned regarding the cost and would respond esse,itially elastically to
extreme measures required for the retrofit tlie strong grotind 111otio,is. Therefore,
project.  The SAB and the TBPRP wrote to tlie bridge would need very little,  if ally,
then-Caltrans Director James van Loben repair after a major earthquake. The
Sels concerning their positions on whether design for the retrofit of the old bridge is
the east span of the San Francisco-Oakland comproniised by restraints i,iiposed by

S:Iii Fraticisco-():ikl,ind Bay Bridge East Span Seismic Salety Proiect Page 2-7
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the e.wxtuig .vt,·tic·Ntre and b · the need k, Some outcomes are unacceptable regardless
mitrimi:.e Intfii< interrupticin.\. WI)rk tt, of economy.  Therefore. an allowance was

1 chite x/unt·.r t/kit i'/ i.#· itearlr inv,('.i·.rible given k) evaluate outcoliie as well as cost.

  und t·ertainlr ell' '/ISI '(' /0 retritfit 1 he
<   c,Id bridge to the fame  level cif seismic· The following items were considered in
C peifbrnia,16·c <is (1 /jeic i· t/·u<·/1/re.

" developing the economic analysis:
•    Loss of life

./n t·ien. (4 the Libtive state/llents· Imd 1,1 •   Structure collapse
the i,itc,·est 4/litibli · scitetr cuid •   Probability and magnitude of
enimil,ir, the menibers of the S.AB ind earthquakes
ilie 11'BIPRI' gri,ngly reritinme,id a • Earthquake event before and after
replace,itenT struc·lure ft)r the East Bay

upgrade
11kul., f,/ the San /Trancisc·„-()iikhuid Bar •   Structure conditionBridge rallier tilan the seisi,Iic· retn,lit t)f • Foundation condition
tlie oki structure. All ineinbers ofthe
SAB cind OBIPRP St(lud ,·cudy ti, assi.\·t

• Maintenance cO. ts

iii the decisicin pri,cess <in the abt,re • Traffic volume*

nutue,· and to help m convii,ci/W the • Historic value
•  1-egal issuesgener<11 public cind ele(·ted (dlicitil  thul

a replac·ente,11 bridge i.s the iwirre<t
hing-tenn <·hoic·e in vie,i· cd'the The analysis supported a decision to replace

permititent high-level .Neislitic· huitrd in the east span of the San Francisco-Oakland
Hay Bridge with a new structure.the S ut Frunc·Acy, Bar regbm.

December 17.1996 The analysis included the assessment of an

Replacement Study fc)r the East Span of "enhanced" retrofit project. This enhanced

the SFOBB Seismic Safety Project retrofit project would provide a higher level
A probabilistic economic analysis was of performance during a large earthquake
prepared by Dr. Brian Maroney of Caltran$ than the current retrofit design. which is

,.

to assist in the decision niaking process of designed to a level of "no collapse
retrolit versus replacement. However. the enhanced retrofic project still

does not meet the ped-ormance criteria fc,r a

The alternatives were evaluated in terms of lifeline standard.
probable outcome and Cost.
To facilitate coniparison of A replacement alternative was
alternatives. probable dollars supported due 10 the high cost

were used as a measure of of construction for the Retrofit
effectiveness. This Alternatire. This is consi,ten   1   0
essentially established an with State policy. Ina June  3\. 66\  1

12.1996 letter. the State ofecononiic analvsis comparing
retroticani-reFacement ot California. Department of
the east span. General Services established a

policy. based in part on
It was recognized that dollar Proposition  152. that dictates

value does not always allow I
consideration of replacement

for complete evaluation in as an alternative when the
what is fundamentally a retrofit costs exceed 75 percent
safety upgrade project. of replacement costs.  At the

\.Ill 1 1.111:th, 11 ( 1.ikl.illil liar Iii Ide-· 1.iii FF.Ill 0..1.1111{. S.11.1\ 1'1111„ I 1 ·, ze 2 X
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time of the economic analysis report, the •   Sigilificantly lower 1011g term
capital cost for retrofit was $915 million maintenalice and life cycle costs than
compared to a cost for replacement of $1.17 retrofit of the existing spans;
billion viaduct structure. Construction costs

•   a lifeline connection between Sanfor the Retrofit Alternative represented 78% Francisco, the east bay and tile 1-80
of replacement costs. When considering corridor to the east providi,ig higher
lifecycle costs on a 50-year basis, the post earthquake transportation
percentage of retrofit to replacement costs

service for emergency response and

               increased to 89%. conti,iued livelihood of the Bay
Area:   and

January 10,1997 •   a structure wliich meets currentSecretary of Business, Transportation traffic safety standards to Yerbaand Housing Recommends Replacement
Based on the research and analysis of Buenci Isla,id.

retrofit alternatives and on the testimony of
world-renowned experts on all aspects of

It is recommended that the necessary
studies proceed leading to a timelybridge and seismic design, then-Secretary of
decision, recognizing that the existingBusiness, Transportation and Housing Dean

Dunphy signed a recommendation to ,structure is vul,ierable, because the
consider replacement of the east span of the

potential  benefits of a new structure far
outweigh the risk associated witli theSan Francisco-Oakland Bay Bridge as a

project alternative. The following is the additioiial 2 years a new bridge will take
to coinplete. I.f this recomme,idation isSuinniary of Recomniendation from the
approved, then Caltrans will:Secretary's recommendation to the

Governor. •     Proceed with Concurrent desigliof a
new structure for the east bay spans

"The California Department of of the SFOBB.
Transportation (Caltrans) has •     Complete the retrofit design of the
extensively analyzed and the Seismic east bay spans as i,isurance iii the
Advisory Board tlioroughly reviewed event the replacenient alternative
seisinic retrofit alterliatives for the proves unacceptable.
structures of the San Francisco-
Oakla/id Bay Bridge (SFOBB).   While

•      Expedite  an  interint retrofit for the
east bay spaiis to avoid collapse iiiretrofit of tile wester,1 spcin is Lin
tlie less thail maximum but moreeffective treatnient, replacement of the
likely seismic eve,its.easterii spaiis of the bridge fro,11 the

• Proceed ,vith enviro,1111elital studiesOakla,id shore to the tunnel at Yerba
tliat do not preclude either theBue,ia Island appears niore desirable
retrofit or repl.cicenient alter,iative.Ilia,1 retrofitting the existing structure.  A

Iiew easterii structure, coupled with The eiivironnie,ital document will be
segmented and FHWA will bee,ilialiced retrofit of the western spail,
pursued as tile lead agency.provides:

•   greater seisntic safety, reliability, •    Proceed witli tlie retrofit of tlie west
(011Sll'llitibility, ciiid muiilteilailce of bay spalls of tlie SFOBB to lifelilie

t/'affic.flot,vi standards:

S:in Fr:incisco-().,kl:inct 14;ty Bridge E.ist Sp:in Seismic Sali:ty Proiect Puee 2-9
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February 1997 Created by the State Legislature in  1970
Governor's Press Release (California Government Code § 66500 et
In a press release, then- Governor Pete seq.), MTC functions as both the regional
Wilson announced his acceptance of the transportation planning agency - a state
recommendation from the Secretary of designation - and for federal purposes, as
Business, Transportation and Housing to the region's metropolitan planning
consider replacement of the east span of the organization (MPO). As such, MTC is
San Francisco-Oakland Bay Bridge as an responsible for the Regional Transportation
alternative for the project. Plan, a comprehensive blueprint for the

development of mass transit, highway,
The release noted that the option to retrofit airport, seaport, railroad, bicycle and
the existing east span of the Bay Bridge was pedestrian facilities. The Commission also
"a monumelltal ellgineering cllallenge". screens requests from local agencies for
The complexity of the structure coupled state and federal grants for transportation
with the large number of bridge members projects to determine their compatibility
provides too many opportunities for failures with the plan.
in a major quake.  A new bridge can be built
to current design standards that incorporates The Commission consists of 19
the latest technological advances in the commissioners representing the cities and
science of seismic, structural and materials counties in the nine-county Bay Area as well
engineering. as certain state and federal interests. Federal

representation includes the Department of
Dr. Joseph Penzien, professor emeritus of Transportation and the Department of
Sti'Uctural Engineering at the University of Housing and Urban Development.  Two
California, Berkeley, and Vice Chairman of members represent regional agencies -- the
the Governor's Board of Inquiry on the 1989 Association of Bay Area Governments
Loma Prieta Earthquake stated, (ABAG) and the Bay Conservation and

Development Commission (BCDC).
"Thanks to the coilsiderable research
that has been done sofar the knowledge Early 1997
of the seisniic forces that could affect the The MTC Bay Bridge Design Task Force
1)ridge cind how the structure would MTC organized the Bay Bridge Design Task
respond have  expanded exponentially. Force (Task Force) in early  1997 to consider
The niembers Of the Seismic Advisory replacement bridge alternatives.  The Task
Boaid agree with Caltrans' decision to Force mandate was to develop a consensus
pursue ci new bridge." recommendation for a new east span of the

SFOBB and recommend any additional
Following the Governor's announcement, features that might be included in the design
the Metropolitan Transportation of the replacement bridge.  The Task Force
Commission (MTC), the regional is composed of seven MTC commissioners
transpoi'tation planning agency for the Bay with two representatives each from Contra
Area, established a process with Caltrans to Costa, San Francisco, and Alameda
achieve regional consensus on alignment, counties, and one representative from
design and bridge amenities. BCDC.  One of the San Francisco members

was appointed by the Mayor of San
The MTC is the ti'ansportation planning, Francisco while the other was appointed by
coordinating and financing agency for the the San Francisco Board of Supervisors.
nine-county San Francisco Bay Area.

S:in Francisco-0:,kl:ind B:ty Bridge East Span Seismic Safety Project Page 2- 1 ()
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•   URS Greiner

/1

Bridge designs submitted
by other companies and
individuals included:
• Astaneh-Black
• Coman Feher
•   DCM Studioh
• Garrett Green

The MTC Task Force tornied an • 7.hong-Lin-Hsue
1/'I(  Ill'Ilki'11[ f'.Illill':. 1211 \il\Ih ,I'· 1'1'lll  ' 111:11,1;11',·1: 114 ,111·'411 •  Michael Longo

Engineering and 1-)esign Advisory Panel
C E.I)AP) to advise the Task Force on issues The submission by Professors Astaneh and

Black of the University of California.of cost. engineering feasibility, design
factors. and seismic safety. The EDAP is Berkeley (UCB) consisted of a combination

comprised iiI' technical experts in structural. single-tower cable-supported mainspan and
skyway structure connecting to the Oaklaiid

gexitechnical. seisniic and civil engineering.
:ind architecture. The original 33 members shore. The atypical design of the cable-

stayed portion of rite structure incorporated01' i€DAP are listed in Appendix H of thih
report.  EDAP de liberations included an inclined tower supporting a curved deck.

tiieetings and workshops open to the public The Astaneh-Black design was proposed on

for presentation of design concepts from a northern alignment and featured a
interested parties.

connection between differing bridge types
(cable-stay and skyway structures).  These

Beginning with the first formal public features are consistent with the current

nieeting on March 27.1997. the Task Force proposed design for the Replacement
Alternative. yet Professor Astaneh hasbegan the process to consider different types

of replacement bridge structures and faulted the current proposed design due to
the existence 01 these features.alignnrnt issues.

Nlay 1997 A UCB press release (www.urel.berkeley
.edu/urel_1/CampusNews/PressReleases/EDAP /Task Force Design Workshop releases/bridge.html) announcing theThe El)AP :ind Task Force held a three-day

design workshop to identify and consider the Astaneh-Black design stated.

technical and aesthetic opportunities for a
new eas t span.  A wide range of cable

"A.stimeh ,/'d.% leader  )f the te im thut

supported structures were submitted by studied tile seismic· vulnerabilitr (31'llie
members of the public and engineering

Bay Bridge'.s easter,i .si)ati. l'lie teai,i's

coilimunity. including well known findings eventually led k) the de ·ishm to

engineering firms and agencies such as: tear it down and build a new regment
between Yerba Bue,ut ls! ind und• Caltrans Oakkuwi

• Gerwick/Sverdrup/DMJM
•   Lin Tung-Yen China. Inc. This statement appears on its face to be
•   OPAC Consulting Engineers supportive of replacement as opposed  to
• Parsons Brinckerhoff retrofit of the existing bridge.

4* 1 1,11!ak:, c i.lk 1.111(1 It.1\ Itrk'H...1 .l\/ Mun \l'|.111|l  S.ill'|\ i'|:,1 ·. 1 13.':Il. 2 11
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The Astaneh-Black design was atypical in represented a unique challenge. To address
that the supporting main tower was inclined. the challenges of the east span of the San
All other submissions used supporting Francisco-Oakland Bay and to assist the
structural towers that were vertical. Due to design team in designing a retrofit strategy,
concerns regarding the seismic reliability of Caltrans commissioned an independent
the design, the Astaneh-Black submission panel, the Seismic Safety Peer Review Panel

was not selected. (SSPRP), which possesses the expertise to
address every major seismic issue that the

Spring 1997 team would face. The panel is comprised of
Interim Retrofit Project world-renowned experts in the fields of
Due to the political and environmental seismology and geotechnical site response,
uncertainties associated with a replacement deep-water foundation design and
alternative, Caltrans proceeded with an construction, structural analysis, and major
interim retrofit project to provide protection bridge design.
to the east span against a smaller, more
probable earthquake. The project was Two of the panel members were part of the
implemented as insurance for the short term original Toll Bridge Peer Review Panel. The
to buy back a portion of the risk during the other panel members and a brief summary of
time required to environmentally approve, their credentials are as follows:
design, and construct a replacement bridge.
The interim retrofit project will not protect Mr. Joseph Nicoletti (Chair) is an
the east span from collapse and catastrophic outstanding and well-recognized structural
failure during a large earthquake. engineer. Because of his expertise he sits on

the Seismic Advisory Board that was
Nearly all of the bridge segments of the east established following the  1989 Loma Prieta
span fi'om the Yerba Buena Island tunnel to Earthquake under the guidance of the
Pier E23 near the Oakland shore have Governor of California to continuously
received some retrofit improvement. The advise the California Department of
work focused on stiffening the tower and Transportation on issues of transportation
superstiucture elements and strengthening seismic safety policy. Mr. Nicoletti is a past
the connections at the towers. Chair of the Engineering Criteria Review

Board for the Bay Conservation and
The towers were strengthened by installing Development Commission and continues to
additional steel plates, anchor bolts, hold a seat on the board.  It is because of his
diagonals, and replacing selected rivets with broad range of knowledge and perspective
high strength steel bolts. The superstructure that he was asked to be chair of the SSPRP.
work included replacing rivets, upgrading
vertical posts, and installing steel plates. Professor Ben Gerwick is a professor

emeritus at the University of California at
The conti'act was let out to construction on Berkeley (UCB) in the Department of Civil
May 6,1998, with construction estimated at Engineering. He built his internationally
$19 million. recognized expertise in offshore foundation

design and construction through his
Spring 1997 engineering and construction business.  Of
SFOBB Seismic Safety Peer Review Panel special interest is his knowledge of specific
As the development of retrof'it strategies San Francisco Bay geology and past
progressed for the State-owned toll bridges, foundation construction successes and
it soon became apparent that each bridge failures. Professor Gerwick also has
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tremendous experience in offshore at Yerba  Buena Island.  ...  Even though  it
construction as is documented in his will cost more money to build a
textbook on that subject. signature bridge, I am willing to support

                                                                                                                          the efforts ofthe niajority ofthe task
Dr. Frieder Seible is a professor of force to support the northern

"Structural engineering at the University of alignment.
California at San Diego (UCSD) and a
principal of SEQAD, an engineering July 23, 1997
consulting firm. Professor Seible is an Engineering and Design Advisory Panel
expert in analysis including finite element (EDAP) Recommends Replacement for a
methods and structural element testing. He New Bridge
is internationally recognized for his After five months of review, discussion and
contributions to bridge engineering. deliberation, the EDAP put forward to the
Professor Seible has co-authored a reference Task Force seventeen recommendations
book on bridge seismic design and retrofit addressing issues related to finance, design
currently in use by practicing engineers. Dr. process, planning, and bridge design,
Seible also serves on the Seismic Advisory including replacement rather than retrofit of
Board. the existing bridge.

Dr. I.M. Idriss and Mr. Jerry Fox were on With regard to the planning for the San
the Toll Bridge Peer Review Panel and their Francisco-Oakland Bay Bridge East San
credentials are summarized in the discussion Seismic Safety project, the EDAP
on the TBPRP. This carry-over of panel recommended in part,
members provided an important and
necessary communication and experience "Tlie existilig eastern span of the  Bay
link back to the original peer review panel. Bridge should not be retrofitted, but
The SSPRP meets bi-monthly with the replaced with a new structure.

.

Caltrans East Span Seismic Safety Project
design team to review design issues and "The new eastern span and existing
strategies. western span should be desig,ied to

provide post-earthquake lifeline
July 21,1997 se n,ice. .

San Francisco Endorses Northern
Alignment Over Southern Alignment July 30, 1997
In a letter addressed to the Chair of the Task Task Force / MTC Endorses EDAP
Force and dated July 21, 1997 (copy of letter Recommendations
attached in Appendix A), Mayor Willie L. The Task Force approved a set of seventeen
Brown, Jr. of San Francisco endorsed the finance, design, and planning
proposed northern alignment stating, recommendations for the new eastern span,

based largely on the analysis and advice of
"The (11-gunie,its of a  soutlierii alignment EDAP.
1,ersits a //0, the,-/1 uNg/1,/te,it hai,e to be
weighed with tlie i,iipact eacli alignment Many of the recommendations approved by
has (,n eitlier Yerba Buena Island or the the Task Force refer to proposed features of

Po/7 of Oak/aild.   h is my,feelitig that the the new eastern span, including the number
ecotio,ilic develol)111elit opportunities to of lanes (five in each direction), the
the Port of Oakland outweigh the alignment (north of the existing alignment),
econo,itic opportuliities to Sa,1 Francisco and other design elements (e.g. two parallel

S:iii Francisco-():ikl:ind Bay Iii·idge East Sli:in Seismic Safety Proiect Paee 2- 13
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separated decks rather
than a double-decked
structure). The seven          5
representatives on the
MTC Task Force that d .1. AS
adopted the seventeen r -b L

1,„ --:1..  L

4

'0 5-
recommendations
including replacement .*

over retrofit were:

City and County ol' San
Francisco

•   San Francisco
Mayoral Appointee
-- .lon Rubin

•   San Francisco Board                                                                               -,
of Supervisors

0 12 iline i,1 01,(,11 inti' l .tu    l'hi,!·, .im,11.ilit,11 til l.,likilt„11 1. „1 th,· .,·11  111. 11•,1.· 1.11\1„·11.1,1, Iii :,12:

Appc,intee -- Tom
·,11 / Il,•,t 11,·: „ 11'C,)111.Iii   l'IA 't:i.' .i'/·lil  1  1<    \", :111,11  ' / 11:1.,.,3  i  t  \1' , 11,'      \\ 1 1,/

Hsieh 111,'All th:11 ( i.'1:111,1 1:_·Il \&!1.··11 'ill':1 \:11,11·: |'i.' 1.·Ill |11:il| :k·-,   11  .  ..4.1,·1 1.4.litill A-i,11
'· 1 •,\\ 1 .1,  \\  4 1.1 A

C<)ntra Costa Count>
•    Cities of Contra Costa County - Council

bridges in the Bay Area and identilied MTC
as the regional agency responsible forMeinber Sharon Brown.
representing the Bay Area in making bridge•   Contra Costa County - Supervisor Mark

Defaulnier reconimendations.  In part. the law states,

Alameda County I ne department ICaltrtins I lias illsi)
•   Alatiieda County -- Supervisor Mary identilied tlie matspin,ftlie Sait

King. Chair Fratic·i.4(·ti-Ocikhind Bitr li,·id,ve (1.6
-   City of Oakland -- then-Mayor Elihu iteeding tc, 1)e replac·ed. '1'liat

Hm,is rel,luce,lient spit,1 will be witier. stri,nger.

Bay Conservation and Development
li inger lasti,W . and i,ic,re <,)st efficient k,
litaintiliti tliciti <7)mpleting Li seismicConimission "

retn)lit Wrilte curreilt Splm.• Angelo Siracusa

SB 60 also gave the MTC authority to fund.Following the action by the Task Force later
atits discretion. three additional featuref. orthat afternoon. the full Metropolitan
atiienities. for a replaceliient east spanTransportation Commission met and "

Including a more distinctive :signatureendorsed the seventeen recommendations
bridge structure. a pedestrian/ bicycle path.approved hy the Task Force.
and a new Transbay Transit Terminal in San
Francisco. The authority to fund these

          August 1997Senate Bil160 anienities is constrained by the aniount of
revenue that could be generated by a two-In August 1997. then-Governor Pete Wilson
year extension of the bridge toll increase.signed into State law Senate Bill 60 (SB 60).

SB 60 provided a funding package for a In response to Task Force recommendations
replacement east span bridge that includes

and the mandates of SB 60. Caltransincreasing the tolls for all State-owned toll
initiated preliminary engineering studies as

1.m I i .iii, i v ·· 1 1.1 k 1,111,1 1 t.i·, Iii :il :-· 1 .:.1 \11,11: \.·'.Ill 3, ..11.·1 : 1,7 )1'.Li 1/ t.-·2  11
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requested by the Task Force and EDAP. have  seilt  to  M r.  Van  Loben Sets  that
.These studies were used to determine the addresses his concenis.

seismic performance, cost, and aesthetics of
the bridge types recommended by the Task September 1997
Force and the cost and feasibility of Assembly Bill 699
including design amenities such as In September 1997, AB699 was passed into
66

signature" bridge structures and a State law providing for a Treasure Island
pedestrian/bicycle path. The EDAP Development Authority (TIDA) to oversee
reviewed the results of the studies in a series the conversion of the U.S. Navy facility on
of public meetings and made specific Yerba Buena and Treasure Islands.  The
recommendations to the Task Force. City and County of San Francisco was given

authority to designate the TIDA as the
September 5, 1997 redevelopment agency pursuant to the

Community Redevelopment Law forSan Francisco Offers Conveyance of
Property to Caltrans for Replacement redeveloping Naval Station Treasure Island.

Bridge With respect to the future safety and
San Francisco Requests Governors transportation needs of the Bay Area region,
Support for AB-699 the law states,
In mid-1997, San Francisco sought approval
of special legislation (AB699) which was "The Trust Property sliall remain
designed to facilitate San Francisco's subject to aizy requirentents of tile
development efforts for former Naval Del)(irtmellt of Tra,isportatio,1 for future
Station Treasure Island.  In September 1997, rights-of-way, easements, or material for
two letters were received by the State from the co,istruction, locatio,1, realignnieiit,
San Francisco regarding land use issues on expansion, or inaintenctiice of bridges,
Yerba Buena Island. highways, or other tralisportatioil

facilities without compensation, except
In his letter dated September 5, 1997 (copy as...

of letter attached in Appendix A) to then-
Caltrans Director James Van Loben Sels, The law further states that Caltrans would
Mayor Willie Brown offered to convey any compensate the TIDA for:
property needed on YBI for the East Span
Seismic Safety Project to the State at no cost 1.  Any property taken that was originally
to the State. This offer included a broad acquired by the TIDA for valuable

swath of land approximately 100 meters consideration.

(328 feet) in width. 2.  Any improvements, betterments, or
structures taken that have been placed by

In a separate letter also dated September 5, the TIDA.
1997 to then-Governor Pete Wilson, Mayor 3.   Holders of a lease, franchise, permit orWillie Brown urged the Governor to sign
AB-699 stating,

license to use or occupy a portion of the
property that is taken.

- 1  liave spoke,1 with Jim Viin  Loben Sels
                                                                               June 24,1998regarding his concerns about access to
I Task Force Design Recommendationstlie existing and proposed eastern span Following extensive public comment, the
I Task Force forwarded a second set ofof tlie Saii Francisco-Oakla,id Bay

8/idge.  1 am enclosing a letter that 1
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reccininiendations to
MTC th:it
ccimpleinented and
provided additional M.a  -detail. The Task   --  -·                             .-1-ill  -    ,      iForce recoininended /4#f-= ht- -rl .

, ..1.7    -  26.
thal the replacement ....,t   S Mi 1,
structure be a cone.rte      . 2                2 :skyway structure on a

i.;IE;ji;illillti;*IllirrIT,56Illi ;SEALLifili ZI :i.ilifillin' liarnorthern alignment VE'.lifin

with an asymmetrical    &'  il/Al   41 '      . 15Ir       1. .-
sell'-anchored , '.."."I,/miral"Im-E.I."p 4,M:,i   ilr-

762/4#  33*jilia,MIAJAI/am#t./.-    i   .  -_  -L///11/lilsuspension  niai n  span
supported by a single .-

steellower.  A 4.7
nieter(15 5-foot) wide 1.pedestrian/bicycle
path ().3 nieter ( 1 tool) 1.tik 1 .iit.: \leniber.. 1<,11 1<ilhin Ii.in i .111.-10. I \1.i, ,)1  \I,pi'llite:J  I .,111 H.;cil  s.iii 1 1.in.-1,c

higher than the traffic 111'.11·i·,1 hilper; 1\111 , \111'iml,·1· ·. \11'U.·1„ fi!.1, :1-·.1 11( 11(  . C , 1:111, :1 \1:11·1,·: \1·5.::· '11 1;!· ' 1

|. ,1 11.1\ C ill/F. Slirci.1.9 21 11.tl: k'I"  1( 1'.1 1:  \1.lili,·,1., C  ·114 1..   \,!t·i·1'.   : \1.,:k l l.' e.:,!11,1:1lanes located on the
vouth side of the

C · lill.i 1  1.1,1 C ·,1ltli., ·:T, i .111,1.¥..1 Ill. 2 M.ik .1'll  li 11.li l I:(1[ 1 1.1['T.

eastht,und structure earlier endorsement of a northern alignment.
was also recommended by the Task Force.
The Task Force recommendations were

and instead. submitted an economic analysis
supporting a modified version of theadopted hy the MTC on June 24.1998. southern alignment known as the -S- 1

The MTC recommendations are considered
Modified- alignment. Caltrans will respond
to the comments raised by San Francisco as

advisory and represent locally preferred part of tile Final Environmental Impactoptions. Caltrans and the FHWA have
considered and perfortned preliminary

Statement ( FEIS ).

engineering on a range of possible project in December 1998. Caltrans identified
alternatives in accordance with NEPA
requirenients and in consultation with

Alternative N-6 as the preferred alternative
following circulation of the Draft EIS and

permitting and regulatory agencies.  Five consideration of public and agency
alternatives (No-Build. Retrofit Existing
Structure. two northern replacement

comments on the document.

alternatives and one southern replacement Fall 1998
alternati ve) were considered  in the Draft EIS U.S. Navy Denies Caltrans' Access to
ti,r the East Span Seismic Safety Project.

,  i. .»/  41,1 So Yerba Buena Island for Geotechnical

November 23. 1998 (025  D.1 *,Aw l 131 Investigations

San Francisco Comments on SFOBB East
+00 j The U.S. Navy denied Caltrans' request to

Span Seismic Safety Project DEIS perform geotechnical investigations on U.S.
Navy property at Yerba Buena Island. On

              San
Francisco Mayor Brown sent a letter to

July 28.1999. Governor Gray Davis sent a
Caltrans that commented on the Draft letter to Richard Danzig. Secretary of the
Environliiental liiipact Statement on the East U.S. Navy (see Appendix D), on -a .Witter
Span Seismic Safely Project (Appendix A). c,f great public· i·imi·ern cuid safety"    TheIn that letter. the San Francisco reversed the

3 tit I i.i:i,·:M# H.ikl.li,g! H.,i Iii tils,• 1 .t.1 Sli.111 521'.1111, 9,11:'1, 1'1:,iN':1



letter requested that the U.S. Navy grant hit:lier feirlitic pelltir:,1,111(·e levels tlitin
perinission to Caltrans to conduct 51*ould the retrt)fitted bridve. the SAB
geotechnical drilling on Yetba Buena Island. (ind the Seismic Safety Peer Ret'ie,i·

Subsequent 10 the letter. the U.S. Navy Pii,tel fc,r tile r<)11 Bridee Retnifit"

granted permission to conduct geotechnical Designs strung/r ret·ommended ki

"
drilling investigations on Yerha Buena Ccilircins thill it (7),Isider replit<·enient
Island. rather tlitin ret,1411. An independent

\·alue en,gilieeritig analyfif Lw),icurred
In a letter dated it·ith thil' reccinimendatio,1. The
October 26.1999. 37-nwniber E,Igineering ci,id Design
Governor Davis Ad\·is(,ry Panel app,inted byrne
requested assistance Metnip('litan TratixiM,rtutitin
from Secretary of Cimitilissic,11 ul. 1 etid<irsed repliti·ement
Transfirtation. rather than retri,fit.
Rodney Slater. to
expedite completion "We wi,uld like ti, re-entphusize tlial tlie
of the federal SAB still ftilly suppcirt.s lite dei·isic)n lc,
environniental *() ft)nrcird with tile planned
review process  (see -t rephic'ement ratiter thail  retrofit of the

Appendix D). Pt-2 existing bridge, .filife retrciIit .\(Iltilic,n

                                                                                         i,witihi not,·exult in the same hi.ih level t,1
beptember 9.1999 reisiilic· reliability aild pei'birlikinc·e ar·

"Letter ti, Senator Dianne Feinstein from the ite,i· bi·idge
the Seismic Advisory Board
The SAB wrote to Senator Dianne Feinstein. January 2000
reeliiphasizing its position on whether the COE evaluates southern alignment
east span of the San Francisco-Oakland Bay impact on EBAIUD sewer outfall
Bridge should be retrofitted or replaced. The At this time. San Francisco and U.S. Navy
following are quotes from that letter which were supporting a southern alignment above
is included in Appendix C: the East Bay Municipal Utilit> District

(EBMUI)) sewer outfall. Caltrans had
"··· 'AN (4 Ilie alk,re reinifil inedwires. maintained that such an alignnient was

                     i,·hite theciretic·ally »asible. wouW result impractical due
in a 6()-year-old bridge strticture haring to the conflict
signi/ic·ant unc·emiinties in its seisniti· with the sewer           m
pedbrinan ·e m a co.v whi ·h it·tiuM outfall as it :=7
nearly equcil tluit <)f a Iiew bridge at tlits presented .'........,

stte. Furthermcire. retrofitti,lg the significant

e.ristm,V, bru/Re ity,uki ,·esult m design and
'' '..,......'....".

sigitilicapit tral]ic· interrulitions u,id construction ,-»,"'..'......."......"......,1'....
..'..,„4,

%*1....,Im-/.hilelars over a peric,d of 4 t<, 5 \'ears challenges which
nec'es.vitated br lane closu,·es required led to major

"

ditti,IA retrcifit „„istruc·ti,m. increases in cost

and serious risks .-. *

"Sini·e ii new bridge designed cind built to schedule. The
using (·urrent st(lte-t)f-the-art seismic· U.S. Army
design cotic·epts und details w<,uld be Corps of Engineers (COE) was requested by
mucli I,u) e reliable iii re. i)(inding t, 1 the  National  Econoinic Council  (NEC).  an

A.Iii l'.151, :I,·, (j.ikt.illd Ii.i' 1{11,1:·.' 1 .1,.1 Ap.iii i,·1'1,11- r:# '.. 2   j 71.,it ·t'.  t'r •, 1,. 1



Ret,·ofit versus Rei,/ace,1,21,1

                    office within the Executive Branch of the alignme,it, but would significailtly
Federal Government located in the White iiicrease project costs and delay the

              House, to perform an
independent initial construction of the new  bridge  by

evaluation of the issues surrounding the San a minimum of 8 to 15 months."
Francisco "S-1 Modified alignment." The
evaluation was undertaken in an effort to The COE also states that the Caltrans' delay
resolve federal agency concerns so that a estimate of 3 to 5 years is not unreasonable.
unified federal position could be established However, the delay would likely be less than
with respect to the project. The evaluation 5 years.

was completed on January 6,2000.  On the
key issues of cost and schedule impacts, the January 2000
COE conclusions are summarized in their San Francisco Advocates Retrofit over
presentation slides (shown below). Replacement

After the COE findings were announced

                                       Conclusions 6&7
regarding the EBMUD sewer outfall issue,
U.S. Navy and San FranciscoOutfall Relocation Cost representatives were quoted in the local

Caltrans: l'ens 01' Millioils             CCSF: $20 MIL
4 includes· ,  Incomplete, likely to be low newspapers as advocating a retrofit

·>  lond & mrine segments 4 land segmenl not considered alternative for the east span of the San
. Land's End facilitia ,> Frtial relocatii,n cifmarine Francisco-Oakland Bay Bridge (see/ Excludes: segnic:it

o remocal ofexisting pipe c. removal of exis:ing pipe excluded Appendix J). The U.S. Navy and San/ Additional studies •> relocation of Land's End facilities
not consided Francisco perceive a retrofit alternative as* included in EBMUD ast.

* excluded from P-H e.51. COE: mid to upner tens of having less impact on San Francisco plansmillions
91 I

for redevelopment of Yerba Buena island

and less impact on an existing historic
district, also on Yerba Buena Island.

Conclusioit 8: oudall relocation Caltrans has prepared a report entitled Land
would delay the project by 3 to 5 years. Use Issues Associated with the SFOBB East

Span Seismic Safety Project aild the Naval/ Minimum delay of 8 to 15 nionths whether outtall is
relocated or straddled (SEIS & sediment tests). Station Treasure Island Draft Reuse Plaii,/ Critical path would be Mod S- I  design and SBS January 2000. This report provides an/ Tasks include: design, enviro. process. permits. build overview of San Francisco's proposed

/3 to 5 years not unreasonable development on the eastern side of Yerba
new outfall, remove existing outfall (some concurrent)

+ additional desigi, atid consiniction tasks Buena Island as outlined in San Francisco's
* likely to be less illan 5 yeals (concurrent 1:1:ks)

Naval Station Treasure Isla,id Draft Reuse**

Plan (July 1996) in relation to the proposed
alternatives for the San Francisco-Oakland

The COE summarized its findings as Bay Bridge East Span Seismic Safety

 ,
follows: Project.

"... tlie COE's assess/nent confinits that Professor Abolhassan Astaneh-Asl, a
                     building the /leW SFOBB over the otttfbil professor of civil engineering at the

would delay the schedule by a minimum University of California, Berkeley, has
of 8 to  15 months, increase construction provided technical assistance to San
rhks, (ind increase project Costs by tells Francisco in its support for a retrofit
of niillioiis  of dollcirs.   Relocating the alternative.
outf(ill would decrease risks associated
svitli constructic,11 of tlie Modified S- 1

Smi Fruticisci,-0:ikland Bity Bridge East Span Seismic Sal'ety Project Page 2-18
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3.0 EXISTING CINDI rIONS
This section describes the seismic despite the Bay Bridge's behemoth stature. it
environment of the Bay Area, the physical i  vulnerable to dainage during strong
characteristics of the existing bridge. and quakes.

geology of the project site.
In a ireent draft report prepared ti,r the U.S.

3.1     Scismicity      2·:..                      ·       Geological Survey (USGS) entitled
The Lonia Prieta Earthclitake Prc,bul,ilities iii the Scliz
earthquake, tili/.3#Le42626 ji, 

F'.,„"i"w Bar Re#Aw.· 20()0 t(, 2(1 0 - A

magnitude 7.1. is the     .  /4, :25    Stinwkin' (4.Fit,di,ig.0 (hup://quake.wr.usgs.
gov/). it is stated:lareest seisniic event

- 4,in the Bay Area since
the earthquake 01"                                 2,4 ,                         The Scm Fnim·i.w·,i Bar regi,in sit\
19()6.  On the cistricle <1 dittivel·(,us "ecirthquitke
SH)BB. the Loma nuAWNK". tlie te 'timic ikmndun
Prieta earthquake between the Pac·ific· and Mirth Ampric·im

caused the failure of Plates. The retti„n has experien ·ed
the upper and lower decks at Pier 89 (see niaj<,r and destrui·tire earthquakes in
photo above).  A larger magnitude or longer 1838.1868.1906.und 1989. and litture
duration earthquake would likely have large earthquilke  are a (·ertainty. The
resulted in a Inultispan collapre of the east (Ibilitr Ic, prepill·e Ii,r large earthquakes
xpan. The Lotiia Prieta earthquake. with an i.; c·,·iti'<71£ to .wii·i'ng h,·e.*· cuid ,·edit<·in,V

epicenter 96 kilometers (kni) (6() miles) du„kige tt) i),·c)i,ert\· (111(1 infi·listructure.
away froni the bridge. demonstrated that

2 .: 43*.1. .
):=:ik. rL..1:f6,:-2  9 214 , I.L.*=*f.fi.-9* V*SZPAi-L - I :1.IL/3 .*JMVER..:t,% .1»- ::  -=0<54 c*.xgt€$ - .... ...: -0 52., »'-™·23 fi&47£7 -'1
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07 FiygViArrM:rpit  g
(in the basis of research conducted since the

1
illitl:Zilf,MA: irtfi,42,0,

1989 Loma Prieta earthquake. the USGS 7Aor
i U /0concludes that there is a 709 probability of

,...     \:% . CONCOAO'
1* 1 WREEN·VALLEY odds C *- 10 6) for one or moreat least one niagnitude 6.7 or greater quake. 12; 4.(:       . FAULT   ...   .  Inagnitude 67 or greater

capable of eauhing widespread damage. 4...=m , earthquakes trom 2000 to 2030
h1.M This result incorporal es 9% oddsstriking the San Francisco Bay region before             10           0  e%   0, quake not on *ownlaat,

2()3(). Major quakes may occur in any part             --32%   i ,             ---      · -                           1
and at any time of this rapidly growing I-.4 V I , W DMBLO    I

region. This einphasizes the urgency 12}r all  t,   i<  Nf329S>'.-r.'......   1
comniunities in the Ba> Area to continue

.1        ....»-'.17.„,336 -490-«.&2:11.Epreparing for eat·thquakes.                                                                 T                                                     -9.2196 --- '43   6% I I

The San Francisco-Oakland Bay Bridge is E,1,3,11.11'g,i·:.13 3·eat.

10%3. AL:*.4,14   t, I. '» '-1located between the Hayward and San 21% w  - '- 5 -„S nt-de · ... -31-1/              3.
Andrea.s Faults. with the Hayward Fault 0 ,        i#:.0 j ·     « -. b 1896:· 1  '

e :VI    n t...

located just eight kilometers (five niiles) to .cli:.11-d f-,ilt

4,   \       ...  ''.ft     \,76     .    i

the east of the project sice.  Seistiiic deliiands  1806 ·:,Il,6 1- · 13··1'5'1 0.t,Yele ,%».2/j/.7     :.'1; 1
predicteil in t'uture large Bay Area 7,1 or'vout y  nci"1-3

n cio:ab k·j     ·                               5                                       -

earthquakes from one of these faults are --. 1

j

expected to exceed Lonia Prieta rock Fit.·tart-g rubie .··jc>       b                 C             '     3       '4

_3: ··9 f i-1 segmer.s 0 , i, init,rev\ 42·,

tiiolions by a factor of 5 (0.067g => 0.5g). J..,-;:.     2  7No .,t:,-1 '.4.j- or-,cat 1'18_ n'e

Such base iii:it rock niotions are expected tc) ;nce· lar  c y  z ·c·  ·2 \1.1!...  V h

strain the complex soils above the rock and
surrounding the bridge foundations to the Oakland Bay Bridge. Engineering New -

Record noted thar.levels well beyond their capacity to transinit
accelerations. leading to significant inelastic "...the Etist Bar C'i·ox\·ing Writild itselfstrains in the soil.

rcilik dfic)11£; the nkiX)r bridges iii the
21*orid.  Despite tlie fac·t tliat it ixDue to rock motionS generating forces that
In·ershad<,M·ed br the nic,re spet·tacularexceed the structural capacity ot' the

surrounding soils. there will be instabilily We.v Bc,\· .9,.,·ve/ishin .vkins. the

               around
the bridge loundations. With the rfultilerer prefeitted the .greater

12,undations actually "floating" in the soils dillic'ultier iii design, fitbric·aticin and
c'   I./ i i )1 .of the bay. this instability results in

permanent displacement of the soils. literally
displacing the foundations of the bridge that

J-7 :1· 6.are not founded on bedrock.

3.2 East Span Structure

1 -

Completed in 1936. the east span structure , L i=J  4
was a marvel of its tirne.  The cantilever , • i-+ 6-.--
section of the bridge was the longest and
heaviest cantilever structure in the United                                           -,   - ...1   1
States.  In a November 26.1936 article on
fheconstruction of the San Francisco-

(-,institicti„11 <,t ihe ('.infile; i·, F
L',thw

9,111 I 1.111, i#.„ ( 3,ikl,illi! 1(.ij }111,lue i *1.[ \1 ,1,1 \:1.1,11.  5,).,1, 1,11 1:, 1
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4 Deck Truss System ,

Within the bay. the Inajority of the existing plates. angles and lattice members. These
east span .structural systein A comprised 01 elements were connected together using
three distinct type of structures to  teel rii·ets.
accc,liimodate the varying conditions of the
bay. For purposes ot' chi4 report. the bridge To aildre s corrosion from the saltwater
sections arc described as follows: environment of the bay. the steel

ccimponents of the bridge are regularly•   A cantileversyste,11(Piers El-F.4) is
painted. Until 1968, lead paint wasused  >ver the navigation channel commonly used to maintain the bridge. This

•   An overhead truss systeni (Piers E#-1:.91 has resulted in tiiany layer„ of lead paint on
is employed t'or the deeper water the steel elements :ind is a potential

environniental hazard when disturbed. The•   A deck truss system (Piers E.9-F.23) is a,erage thickness of the lead paint is nearly
used ft,r the shallow water condition*

ir  l  & r U.  1/.<
one millimeter (33 niils) with sonic areas as
thick as 5 mni (2()0 niils).Within each of the three systems. the two

ha.sic elenients of the bridge are the                                                    -The center span ot
149**c:-21970#superstructure and substructure. Sitiiply the cantilever
/ £2%1 :I.J.istated. the supers,tructure includes the bridge section (Piers E2  :r-4.../,- -=6*l

. ,     j-7 A-i»Z#.-...:.Q£\       .deck and steel truss. and the Substructure to E3) spans a F--*·plgit,Wav    11
includes the tc,wers and t'oundations. The length of 427
figure above shows the location of the meters ( 1.4(X)
bridge types by pier numbers. feet) across the

3.2.1  Superstructure                                         ·           =
navigation
channel. The 5

The basic coniponent superstructure of
of the superstructure the cantilever

F.111111,·1 .7  ki·111 )n Mn Ille .·,6,1 hp.Illis a steel truss. section is
Consistent with the comprised of three sections. two cantilever
inaterial technology                              * side spans and a center span truss.  The
of the 19305. the

i principle of the cantilever is shown in the
truss niembers are f  figure on the following page.
built up from steel

[-1 li.. mem!':1. i,11 111,· e.:.1 .i.ii,

Y.i[, 1 1.iii, i.< i., c ),ikl.kild 1$,li 111 1,11,· 1.1.1 91.Iii 4,·1,1111£ 4.11 1\ 1 '1' 0'c:



Side Span Center Span Side Span

                                     the following page. while Piers E. 1() to
braced truss as shown in the figure on

1                                                        E. 16 use a single-braced truss. The0-   -4 overhead truss as shown in the ligure is
located fron, Pier EA to F.9. The tower

Counter SLpport Suppyt Counle,
Weight Weight met n hers are built-up from steel plates.

<Tie-down) (Tie-down) angles and lattice members. These
elenients were connected together

· using steel rivers.   Similar to the
superstructure. decades of- maintenance

y,/tl· t

have resulted in a build-up of lead
contalilinated paint on the steel
elements of the tower. At Piers E 17 to

!'1 lililpl: ·,1 1 11,· 4  1111112 \."  \11.1!1 E23. the superstructure is supported on
The  fi,e  king overhead trusses ( Piers  E4 to marginally reinforced concrete pedestals.
E9) east of the cantilever section each span
154 meters (504  feet).   The long spans were The foundaticins 01. the cantilever section
selected to reduce the nuniber <)1' fuundationh include two center ,upport  (Piers  Ei and
in the deeper waters of the ha>'. F.3 ) and two counterweights ( Piers E 1  and

1€4) which tie down the ends ot' the
As the bridge approaches the Oakland shore. cantilever spans.
the superstructure changes to a series of
fourteen 89-ineter (288-foot) spans ( Piers E9 Pier E I  is on land and founded on bedrock
to E.23) constructed as a steel deck truss. at Yerba Buena Island. and Pier FA is
The shallower waters of the hay and a lower 12,unded on a sunken caisson.  As the tie-
madway profile lent theniselves lo the down piers for the cantilever section. each of
shorter spans and somewhat smaller but these piers carries tension loads ofover 7
greater nuniber of foundations. million pounds. The connections of Piers

El and E# to the superstructure are critical
3.2.2 Sul)structure because they serve as the tie-downs for the
The substructure is comprised of two cantilever section.  If either connection were
elements. the tower and the foundation se\·ered. the cantilever span wouw fall into

--
Except for Piers E3. E4 and E5. which are San Francisco Bay. in general. conneclions
founded on sunken caissons. the foundations are one of the niost vulnerable elements o f a
are supported by timber piles.  The only in- bridge during a major earthquake.  With the
water ti,undation extending to bedrock is al cantilever section. failure of one of the e
Pier E2.  East of Yerba Buena Island, the connections would be catastrophic.
bedrock slopes steeply to a depth of nearly
91  nieters (30() t'eet) below the water at Pier As noted earlier. Pier E2 reaches bedrock
E.3. Froiii there. the bedrock continues to about  14  meters  (45 feet) below the water.
slope downward to approximately 134 Pier E.3 is founded on a sunken caisson and
tiieters (440 feet)  below the water at the is the deepest foundation on the entire San
Oakland shore. Francisco-Oakland Bay Bridge. including

1-oundations tor the west span towers.  Sunk
Towers  for Piers  E2  to  E 1 6 are comprised of' tc) a depth of 72 meters  (23.5  feet). thi 
a steel truss. Piers E.2 to E.9 use a double- foundation was the deepest in the world at

\.lill I,inil«lit }.ikl,illit |1.1\ |11!l|ge |.1\1  11.iiI hel'.111ll  ,iICI'. |'Ii' ·d i.t C.·   4  -1
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l ullht·I  pll: 4 . \1.·nil Ii' th: 1  ppt't  \1.1!11,·t!,1 1 1 H Ill.l[wil

the tillie of c<,nstruction.  Although sunk to ¥
'

'1this great depth. the foundation at Pier E.

s  £1-does not reach bedrock and the bottom of                2
7the caisson is suspended nearl>' 2 I meters                  -                                          '3

(70 feet) above the hedrock.                                  2               
11                             f -    f    Ill-    ·I

Wi h shorter spans and less weight to                      &
=3support.  the t'oundations for the overhead                           u, -1   1   ;  1 -I 7

and deck  truss  sections (Piers  E6 to F.23) are "r-  -13.rilid.    i

of a different design. These foundations are
supported by 457 inm (18-inch I diameter
tapered I)ouglas fir timber

piles.  The 26-                                    ,        Double          meter (85-foot)lcingpiles are embedded 1.8                                                 9
ineters (6 feet) into the concrete pile cap and            *                      8,21(·e'el         .1

Tru.#·.#·                         ·' extend clown 10 the Upper Alameda                      o
Fortiiation at elevation -36 meters (- 120

, I,  .'/ti /.    Al
H      9.U

feet ) (see figure above).  The titiiber piles
were installed by means of an open
cofferdani sunk to elevation -12 nieters (-40
feet) and constructed of concrete.   Much
larger than required to actually support the

  bridge.the cofferdams were left in place.
fi lied with tremie concrete. and incorporated                                                                                              Z

R                               90 feet 2into the pile cap.  About four stories in ,00  40         /1 1height.  the  footprint of these  massi ve Concrete Foundation 1-_11
e<)ncrete foundations is generally larger than 0 -  __ ---  I.  - -  V--
a basketball court with Piers E6 to ES 128 feet EA--- .covering an area 30% larger than a                          4                                         -

00

basketball court. The concrete foundations . ---  ----   -         --     --   -       - -     -   --li--      ---
0

                 for Piers E6 to EN. the majority of which is                I .beneath the water surface. measures 27.4 19 l
meters (90  feet) long by 14.6 meters (48
feet) wide by 1 2.2 meters (40 feet) deep.

Ili lillie T,pic.11 +e·ilitill · |'il'14 1·6 it, 1 A

                       %111 | 1.Ilk·lil i}-1 Alkl.Ilk| 11,1\  j 1 1('A  l 'IM h'),1/1 *·1.%1111L  CM'I   I' i
,lect i./ec & I
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There is also a pile cap that is 39 meters B  k..  .....  .............................SS.-............-..-..   ......-   .--...  ..o 

(128 feet) long by 20.7 meters (68 feet) wide
i«. AL. 4/4-1- _*89      #4      &4     dROKAI
111  :   3-jb.      ''tn]*     [Cu      rgil      ri=n      r.,»n       : 9

by 5.5 meters (18 feet) deep. The
foundations for the other piers were 4# -     - -  1 9

..._-             :   W
1 .i,....7.                                              11             171

similarly constructed and are slightly 5%........--„   .........3..'..  ..............- .9  M·  ·,3'··   M ··i··--,t 
1

,

smaller, but similarly massive, in 11   k».-=. '.,·,---".,"'       1      /--'-"---\   1  1:12»"--',   5   1
dimensions.

1 11   31. 17 t-31 'RE O:*;Olotel f I1    A '    22'6 JI ht=1-J 13==611   6401.-:   1  111   11!...I  ..6.1

1 st- 9-1   fs=J- -»W .  ha.:kli,  EFF,f]As a result, the mass of these existing
 trY =*-1- '  --. 1,1,1-concrete foundations is considerable. This lut      :-  2 11    - -&.9JGZ

existing mass of concrete at the top of the
piles places substantial loading in the Original roadway cross section

structure during an earthquake. Section 5.0,
Design Considerations includes additional
information regarding the vulnerabilities of 48 2............-.. .......-· 36,-·.-·-I   ...........

....    0'41the existing stl'llcture.
i a    .       -    .C'                       ..4,EA        j-.,--1.       .    111i ...»      1:.Il  ....'"I=WK=--»_-- .-- -I -rjU
 Tr- <     1   : ,    I     1  13.2.3 Roadway Geometry 631-l  -,-  ---    , u .I    1   Il)-_1_1_... .Irt: g

.. .

3.2.3.1 Roadway

Section                                    

,

The original roadway section, designed 1
1

under criteria of the  1930s, was developed to I-
9 ,  .A,Zl.    6  . 9.    9 ..7.1    .i' ....,    .i,·:accommodate six lanes of auto traffic on the

upper deck, and three lanes of truck traffic r=»T«=17 IRand two tracks of rail on the lower deck.  It
should be noted that although lane Current roadway cross section

configurations were somewhat similar to the
current lane configuration, truck loading in •   Clearances - the vertical clearance east
the  1930s was significantly less. of the tunnel is 4.9 meters (16 feet) on

the existing east span bridge compared
The bridge was reconfigui*ed in the late to the 5.1-meter (16.7-foot) standard.
1950s to provide five lanes of vehicular
traffic in both the eastbound and westbound •   There is no horizontal clearance between

the travel lanes and the bridge rail on theditections.  By current standards, there are
several non-standard features of the existing existing east span bridge. Standard

horizontal clearance  is 1.2 meters (4bridge as follows:
feet).

•   The total available roadway width for
the existing bridge is 17.7 meters (58 3.2.3.2 Alignment
feet). The existing bridge has five traffic Beginning at the Oakland Touchdown, the
lanes with non-standard lane widths of existing alignment climbs nearly 60 meters
3.53 meters (11 feet-7 inches) and no (200 feet) above the bay to meet the
shoulders. The existing roadway cross- elevation of the Yerba Buena Island tunnel.
section has no provisions for The alignment was constructed on a
breakdowns or accidents resulting in a combined tangent and curvilinear alignment
loss of traffic lane(s) and congestion to avoid direct impacts to the Key System
after each incident on the bridge.

S:iii Fi:inciscc,-():iklatid B:,y Bridge East Span Seismic Saftty Proiect Page 3-6
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•   Stopping Sight Distance - The existing
east span has non-standard stopping
Sight distance around a curve.
According to current standards, the

1-al            stopping sight distance on the existing
A LE.f east span can only accommodate a 60

kph (38 mph) design speed.
./al/-/./.1.-Wilim"-i[rr-; "s' 4 M 

*1112/"/3
Illillillillilimiliamilillmixii -: #*9, Ri  3.3 Geology
Imilinff'//iri##*mklt _      45&* -1,-,·i   , -  6.%,  31         This section includes a brief description of'--  :.:.1£,Ik.*-Ft:. , - _-4,-• -,--      the geologic formations in the vicinity ofthe

1·i,utidatic,n c ins,nietic,n near the Key System pier existing SFOBB and proposed replacement
alternatives.  A cross-section is included at
the end of this section.t'el'i'y terminal pier. which existed at that

tilile.
•   Young Bay Mud -The Young Bay Mud

(Bay Mud) is the most recent of theThe bridge has a maximum grade of 2.79c sedimentary deposit  in the bay and itwhich extends for a length of 1.700 meters
primarily comprises the seatloor bottom.(5.576 feet) between Piers E7 and E28.
The Bay Mud generally consists of veryThere are several non-standard elements of

the existing bridge alignnient. The most soft silly clay and clayey silt with lenses
notable non-standard elements are as of loose fine silly sand. clayey sand. and

ill ji,llc,ws: sand. It is slightly organic to organic.
Shells have been found and range from a

•    Horizontal Alignment - The lower deck trace to thick beds with fine sand.
of the existing east span approaching the
East Shoir has a non-standard tangent •   Merritt, Posey. San Antonio Forination -
(straight) roadway length between two Underlying the Bay Mud aie relatively
curves: 19.2 nieters (63 feet) compared thin and discontinuous lenses of sand.
ti) the cuireiit 177-liletel (580-foot) silty sand. silty clay. and clay of the
st:ind:trd. Merritt. Posey. and San Antonic,

•   Vertical Alignment - The constraint of Formations. These units are generally
mediuiii dense to dense sands and firmthe existing east span upper deck
to stifi- clays.rciadway meeting the existing Yerba

Buena Island tunnel entrance requires
•   Yerba Buena Mud - The Yerba Buenathe bridge c ,nnection to have a series of

Mud. also referred to as Old Bay Mud.vel tical :iligliilient clianges th:11 would
underlies the Posey/Merritt/ San Antoniolicit (,Ccur on a typical roadway.
Form:ition. The Yerba Buena Mud

•   Supeirlevation - Cur,ed rc,adways are consists <,1' soft to stifT clay and silly claydesigned to hank. or 0uperelevate. to of marine origin with discontinuous
pro„ide sak and coiiifi,rtable drivintz interbeds of sand and shells.
ccinditic,n4. The existing east span has a
iioli-stand:trd 0uperelevation rate near the •   Alameda Formation - The Alameda
tilnliel portal of 5 percent compared ti) Formation lies beneath the Yerba Buena
tile st:lilli:irl| 8 percent stiperelevation. Mud and consists of two distinct

S:ill 1 1.:lili'10ic,-( ),ikl.Ilid 1-1:1> HI·ille: I:.101 Sll:111 >ici.illic S.,Ict> 1'1'4)iect 1,•ILIC 1-7

-   1



AP'/i·<)/it 1'('/·411.0 R(7'hic·i·,iic'/it

litliologic units: an upper 11'larine 3.4 Lifeline Route
liieliiber and a lower non-marine Caltrans has statutory responsibility f'Or the
liieiiiber. The upper member consists of developliient of the transportation element
clay and silt and stiff to very stiff. silty of State emergency response efforts.
clay with a few scattered discontinuous Designation of lifeline routes is part of this
lenses (,f mediuiii dense sand. The lower responsibility. - -
member consists of' interbedded dense to
very dense sand. gravel. sandy sill. and A lifeline route is a route on the State
clayey silt with  ome hard silty clay Highway System that is deemed so critical
lenses. to emergency iesponse/life saving activities

of a region or the State that it must remain
•   Franciscan Complex - Bedrock- open immediately following a niajorunderlies the Alameda Formation and is

earthquake. or for which pre-planning foridentified as the Franciscan Complex.
detour and/or expeditious repair andThis forniation outcrops at Yerba Buena reopening can guarantee movement. TheIsland and influences much of the relief
focuA is on highly critical routes that allowof the San Fi ancisco Bay Area. It for the immediate movement of emergencyconsists of dark gray, moderately to
equipment and supplies into or through aslightly weathered. soft. intensely
region.Ii:,ct,ired shale and siltstone and sandy

siltstone interbedded with light gi.ay.
Inclusion of the San Francisco-Oakland Bayslightly weathered to fresh. moderately
Bridge ah a lit'eline route and upgrading it to11:ird. nic)derately to slightly fractured
meet that standard signilicantly improves

4:irldst<)ne.
response tinie between two mitior urban
centers with emergency responseThe gec,logic cross-section was developed
infi'astritcture.by Caltrans as part 01' the seismic retrot-it

plc,gr:ilii. This cross-section is drawn along
Due to the constraints of a 1930s level of---,\the existing alignment. The cross-section                                                                       1

shows the topographic profile oi the materials and construction technology of. the   

existing east span. the Retrofit Alternative    seanoor. as well as the geologic formations
cannot be designed to meet lifelinealcing the existing alignment. Bedrock slopes

steeply tic,iii the east side of Yerba Buena performance criteria with any reasonable    <
degree of confidence.   It was designed to       \Island to elevation -91 nieters(-300 feet)
meet the lesser criterion of "lio coll:ipse". -/ancl then slopes 111ore gently to elevation . - ---- ,

-134 ineters (-440 ket) as it appic,aches the
():ikland Touchdown. The Yerba Buena
Mud is thickest. approximately 36.5 meters
1 12() l'eet) thick. in tlie vicinity of the
cantilever section of the bridge between the
two largest piers of the east span. Piers E-2
and E-3.

Extensive additional gel,loTic exploration
wa+ cond,Icted  Icir the design of the seli-
:inclii,red suspension bridge on tlie northern
:iii gn ilie nt.

im 1.1'.ilil'i c,1-( ).tAI.111 1 11:1> BillI.Ue li.1\1 S i:111 .Nei 111ic S:11 ·t\ 1,1.lilect 1':IPC .LA
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4.() AI.TERNATIK'ES

Fri,111 a purely structural anti analytical the inost iinportant. are:
perspectike. there are many ways to pro\ ide • Public safety
a zeismically upgraded pehicular crossing • Public conienience
between Yerba Buena Island and Oakland. • Cost-effectiveness
However. for public works projects. there
are values in addition to structural Public sal'ety considerations include
engineering concerns that niust also be conforliiance with design and pert'ortiiance
adilressed. Three key values thrit Caltran.* standards. safely during construction Ii)r the
incoiliorates in all projects. beginning with public and construction workers. as #eli as

Comparison Matrix - Retrofit vs. Replacement
ISSUE RETROFIT REPLACEJIENT

Seismic ktoderate to major damage. Weeks to Minor to moderate damage. Operational within
Performance months of repair. Performance not as hours (at reduced speeds). Normal service
ami Damage reliable as new bridge. Normal traffic restored within weeks to months once deck
After Alajor may never be allowed back on bridge. joints are repaired. Post-earthquake recovery to
Seisniic Event Replacement may be necessary, at a time region enhanced. Seismic Advisory Board (a

when entire region will need emergency panel of outside experts from academia and the

A funding. Post-earthquake recovery to private sector) and two independent Value

2 region impaired. Analysis studies concluded that bridge should be

                                                                                                    replaced and not reIrofitted.
Time to Achieve Seismic safety not achieved until all Seismic safety achieved t'or westbound traffic

A Seismic Safety retrofit work is completed: 3 VY years after start of construction. eastbound
1                                      approximately six years after start of 4 VY years after start ot' construction.

construction.
Lifeline No. Would NOT provide safe route for Yes. Would provide safe route for emergency

Connection emergency equipment and supplies. equipment and supplies.
Constructi(,n Significant construction above and Vast majority of construction is away from the
Exposure adjacent to traffic lanes, highly existing traffic.  Some construcdon exposure

constrained construction zone next to during the tie-ins for the detour routes.
irri ffic

Bicycle / None. 4.7  meter ( 15.5  foot)  wide  pedestrian/bike  path
Pedestrian Path elevated 0.3 meters (1 foot) above the roadway.

i          Traffic
During Many lane closures but not during Minimal impact. New bridge constructed

Construction commute hours; scheduled during the adjacent to existing bridge. then traffic switch.
.-c                                      day. evening and nights. This does affect Traffic switch will involve nighttime traffic

 
construction duration.  Some lane controls.
closures almost every day for various

U                                      construction activities.
U Trallic After Bridge will continue to operate as it does The replacement will operate significantly better

li

i Construction today. due to existence of standard lanes, 2 shoulders in

:1  each direction providing a refuge area for
disabled vehicles and emergency vehicle access.
Overall bridge operation #411 be enhanced.

Life Expectancy 50 years 150 years
M      Design / $1.085 billion (escalated to 2002 at $1.5 billion (escalated to 2002 at 3%/>T)
2 Construction 3%/yr)

I        &     Cost                                                       -6 ·- Lifc Cycle Bridge will need to be redecked in about Modern structure. mostly concrete; steel portion
U 2  laintenance 20 years. Continuous painting of entire will have a modern paint system requiring

8     W
2                                       structure. Over time. increased traffic minimal maintenance and painting.

will cause spreading of commute hours
and affect maintenance work windows.

\.031 1·1./ik·1.:.,i 1,1.ik 1.Kn,1 11.15 Ifird'.·,· 1 
.1.1 ,( .iti \,·r 111<.  \.ir<·i:  1'1(,1.·C
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Ret, ofit versus Rep/acement

             maintenance and inspection access safety Bridge:
issues. The existing east span is a highly

 
constrained environment with no shoulders •    Retrofit the existing bridge
and non-standard lane widths. The structure • Replacement
needs continuous maintenance with daily
lane closures to provide access for This section describes the basic elements of
maintenance personnel. these two alternatives. The figure below

indicates pier locations referenced in the

 
Public convenience is a key consideration descriptions.
during the design, construction and
maintenance of a project. Measures are 4.1 Retrofit Existing Bridge

               incorporated into all projects to reduce It is impossible to retrofit the existing east
impacts to traffic during all phases of span to a lifeline standard with a reasonable
construction. With 274,000 vehicle per day degree of confidence. The existing bridge is

              crossing the SFOBB, it is a critical comprised of millions of steel elements
transportation link in the Bay Area and (plates, rivets, angles). Each member and
construction activities can have a dramatic connection is an opportunity for failure.  The
and adverse effect on already difficult design of the retrofit is compromised by the
commute traffic conditions. constraints imposed by the existing structure

that was constructed to a 1930s level of  Cost-effectiveness speaks to the value the materials and construction technology, and
project provides to the public.  This is often understanding of seismic design.
evaluated on a life-cycle basis.  For the East
Span Seismic Safety Project, cost- Early retrofit designs included significant
effectiveness is not just a measure of the modifications to the truss systems of the
cheapest alternative, but includes an superstructure.  As the designs developed, it
evaluation of seismic safety, future became apparent that the required above-
maintenance, anticipated accident reduction, deck construction would have severe
and post-earthquake repair costs. impacts on traffic and public safety.  With

no shoulders on the east span, construction
There were two basic alternatives developed zones would be highly constrained and work

                  to address

the issue of seismic safety for the windows and lane closures would be limited
east span of the San Francisco-Oakland Bay to periods of the day with lower traffic

Upper
Deck,1.:............ d ]'fil*]il 1¢lil-Kbt,1.KI'*.1. KIN.1.4Kt#819   13:IFINT'.. arnmplA...,fl FIE t.+AriNIa...4,£"niA   Ar,rrpBrrpA

t-4».Low,ti»«. 1      1«  1  E---r- -n.---

Y,t,    Y,t,, ,   Y,14,11   23   6
- l.lj                                E,S             E,S             E,7             2,8                p1: 1.11 T i  -0

83 E 4lili     1               1          1     1     1     1     11

- Oakland

"r=r =r= 1 -M
11    '    T    ,    T    +    ;    1    ;    i    i  -i    i    i-  11,1,1,1,1  i i t l mim1 1

'1 El, E,111 '112 E,3 E,4 E,5 '116 E,17 E" E-" E" E,1 '22 E ,3  E,8  E,33 E,3911

East Span pier locations by pier numbers
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volumes. The issues of public and worker the existing towers be strengthened and
safety and traffic maintenance are further stiffened against a strong earthquake.  It is
expanded in Section 6.0. Construt·ticm also necessary to reduce the displacement at
Issues. the top of the towers. While superstructure

                                                                             modifications
are reduced. many members

To reduce impacts to the public. the basic ot' the superstructure above and adjacent to
approach to retrofitting the existing bridge traffic lanes would still require significant

l
would be to change the input motions and modification to enhance performance.  A
reduce the seismic forces to the external steel truss (highlighted in orange) as
superstructure. This would be accomplished shown inthe figure above would still be

                by isolating
the superstructure and reducing required for the cantile#er section.  Due to

the liat.7.n-n#FErcomponents-orTTie ground the massive size of the existing concrete pile
motion. Isolation bearings wouldbelrsed to caps. the foundations also need to be
aowmowment between the substructure retrofi tted to reduce displacement.   The
andsuperstructure. However. the amount of timber piles of the existing bridge are
displacement must be managed so that the vulnerable to snapping from the pile cap it'
superstructure would not unseat froin the displacement is not adequately controlled.
towers. While the existing bridge system is

comprised of several distinct elements. the

             Fundamental to
this isolation strategy is that following provides a general description of

there is no damage or instability below the the modifications required to retrofit the
point of isolation. This would require that existing bridge.

0.111 11,ilic 'hct,-C).ikl.inil I i.li |litate 1..1   \11,111 0/1.011]k· S.liLli j '/i,le,1                                               1 '



Further e planation 01'the issues leading to lanes to withstand buckling durint a large
k                                    &

this retrofit design can be 12>und in Sec·tio,1 5 earthquake. This would involve the addition
/)91,gi, Ctinsicle/·zirici'Ix of this report. of millions ol. pouricis elltlt:1Lst·Aw·tul:al-steel

elements.  Cross members of the trUss would
--

4.1.1 Superstructure be strengthened or stiffened by adding steel -
To reduce seistiiic furces to the plates. replacing rivets with hijai -stxgth
superstructure. isolation bearing  would be steel bolts-.38'feplaciylg angles and lattice
installed between the towers and the steel litembers.
truss superstructure.  The design needs to

iiianage displaceriients of apprciximately 1.2 A external steel ti·uss (erternal edge 11'kiss)
meters (4 leet) at the top of the towers. was anticipated to strengthen portions of the

cantilever section. These frames would
Stainless Sleel - extend from the t<,P roadway deck to the
Concave Surface      1 lower roadway deck and as highlighted in

                                                                            orange on the photo sitnulation below.  In
addition to the erternal *teel truss. elements
of the cantilever trus, at the icip would be
remored to further isolate each ofthe

Sell-lubrcaling -/ L Articulated
composite liner slider cantilever segments frotii each other.  The

result is a simply supported structure
1 '1'llittll,1111 jv,1,111(,11 Ile,ilille allowing l'or the connecticinK at the tie-doT,·n

piers to be released.Even with these modifications reducing
seistiiic demand in the superstructure. 4.1.2 Towersresulting forces would still require
strengthening and stiffening marty of the As noted earlier. towq[-81 renlheninli-and

stiffening are required to ensure no damage
truss eletiients adiacent to and above traffic

or instability would occur during a large

Pli ExistingExisting
--

d *                                   I
2    'erS r. :../ ..Falies- I.            *                               01 0 '1'

i       .                     C
I                             *                  ....  I/*EAL  -  -         bar - -ff I

'1              +     1 Li
1=ill-

1, .                                      .2

"              ---fle#  4-9/

0.  SeNAVAJWL                                 I.i                                             1  1,

Retrofit Modifications -- Towers Y82 to Y84 Retrofit Modifications -- Towers 26 to EB. E10 to E22
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earthquake and to reduce
displacements at the top F.».of the tower to
manageable le& el . solatton <REE. ER

Beating 7Tower strengthening                                          
would be accomplished

\\ Exsm., /
Steelby encasing the tower
Tower

inembers in reintdited
-                                            -    Concreteconcrete. -The concrete Encasement

encasenient strategy was
chosen after Exnsting

comparisons with the
X Bracing· -It

structural steel
modification alternative.

I

Existing
Foundat:on

            The biggest
ad,antages 1 C C   ) 1 \ 1-3 ..., Fl- New

were to pro', ide ·i Foundation *7
increased stiftnesh \1. 1
ne,•19,1 -ithi olaj,n.                                        1"                       -        L_.1

CIDH
eliniinate lead paint piles\

- L-_1
reiiioval associated with ..A

           steel niodifications.avoid structural
solutions for .hich little
physical testing exists. 1 .     1,".1,".' '1 1 '.Ii'.:".'. 1

Ill,1,11 11

mid elitninate future
painting and tower hracing. The tower retrofit strategy
tiiaintenance co ts. utilizing concrete doe4 not carry the burden

and additional risk resulting tioni the
The steel towers al Piers YB2.3 and 4 temporarily braced state. This simple reality

              would be completely ellghedin concrete. forces the concrete retrolit at the towers to
The full concrete encasement would give the be recognized as superior to the steel retrofic

                 appearance of
solid concrete piers.  For the of the towers by valuing safety to the

towers at  Piers E6 to  38. and E l o t o F.22. travelling public.
the steel niembers would be encased in

              reinforced concrete maintaining a
similar The tower retrofits would include a large

hut bulkier cross bracing lilembers. ledge. or table. at the top on which large
isolator hearings. up li) ten feet in dianieter.

"
Thirse towers can be retrofit with steel. The can be installed.  The double-tower at YB3
-X-bracing" shown in the images above would he locked by the concrete
would undergo significant modification or encasement. Thermal expansion currently

             replacement. This
would require placing the permitted by the double-tower would he

tower in a condition vulnerable to absorbed by the isolator bearings.
instability. which leads to buckling and

 
collapse. Temporary bracing could be The concrete encasement approach for the
carefully installed and monitored to prevent towers greatly increases stiffness and
this unstable condition while modifying the strength. is more cost-effective than a steel

i.111 11.ttlcIAL-t' 4 ).ikl.ilid 13.1, |A ll|Ue 1 .1.1 911.In \:1.lili. \.tle[\ 1'1(,leCi 1 ' is.  1  I
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5-foot Diameter         - - _
Steel Pipe Piles

T,mber Pites
Piers E17 to E23 Piers E6 to EB, E10 to E16

Existing Proposed Retrofit

folution. and avoids the environmental pier footing. A reinforced and prestressed
hazard associated with lead paint removal. concrete pile cap would lir the top ot the
These retrofit modifications would  not add new piles and .surround the existing pier to
significantly to che dead load on the pier strengthen it and connect it tc, the new piles.
thundauons.

The existing titiiber pile l'oundations frocii
4.1.3 Foundations piers E 1 7 to E23 would he strengthened and
The existing foundations are inadequate to stilltned by installing a total of 36 laree
withstand a large earthquake. The large capacity  1.5-nieter (5-fcx)t) diameter steel

               mass
01'existing concrete at the top ol  the pipe piles at the north and south end1 of

existing tiniber piles combined with ground each existing pier footing. A reinforced and
Iikwicin accelerations 01' a large earthquake prestressed concrete pile cap would  fix the
would cause forces and displaceinents top of the new piles and 3urround the
severe enough to snap the foundations off existing pier to strengthen it and connect it
the piles. Except for Pier E9. all of the to the new piles. The existing timber piles
12)undations would need to be strengthened would continue to support the dead lc,ad
Ic, reduce and manage the displacement 01' (weight of the bridge) anci live load (traffic)
the k,undauonl while the new piles would primarily provide

                                                                                    resistance to expected large-scale seis i ilic
Al Piers YB2 to YB4. the foundation would forces.

use cast-in-drilled hole concrete piles
surrounding the existing spread footing As shown in the figure above. the majority
foundation. The new pile cap would enclose of the foundation is below both the water

the existing tootings. line and the itiudline. The depth to the
bottom of the foundations varies but b

The existing timber pile foundations from typically  12 meters  (40 feet) below the water
piers  EG  to E 1 6 would be strengthened and surface extending as much as 9 meters (30
stiffened by installing a total of 44 large feet)  into the bay mud. Cofferdams would
capacity 1.5-meter (5-foot) diameter cast-in- be required to construct the retrofitted
steel shell pipe piles around each existing foundations for these piers.
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4.1.4 Cantilever Section OU 1,1 $
The cantilever section of the bridge requires
a significantly different approach.  As
described in .fec·tum 2. 1.2 Eristin,K 122-new pien. These new piers. El.A and
C'tinditicms - Sitbst,·itc·mi·e. the cantilever E.28. would he required between Piers F.2
section is vulnerable to a catastrophic failure and X3 to support the now decoupled
should one of the tie-down connections at cantilever section (see figure above).
Piers El or E# fail. Without these additional . uppotls. the

disconnected cantilever section would fall
The displacements caused into the bay. The lowers for Piers

by the seismic forces .mt·1
AS 1 E2A and F.28 would be

estimated fora large Yet-----:-- - I    constructed of concrete and
earthquake would sever VF      7-1     .:        /1 -i.44 would be nearly 61 meters
the connections at the tie-  :31-,  r.:..1  ....." ' :   . t.<1 LY (2(*)  feet)  tall.
downs, Piers E I  and E4. To

, 1     64 1  Dll,11, 1

manage the displacements. an 4   31
1,11 11 The tall concrete towers would

isolation system would be Ki Iii
$: 7

Lili  r

be designed  to be  tlexible  in  a
constructed. However. isolating              5  '                         large earthquake.  This would

7

             the superstructure
would require         %1 4 i -1 ,      isolate the superstructure and

severing the connections to allow '.4:4 1.{ij  :      Iiianage the displacenient.  With
a freedom of movement between

-
Fl F.11 this approach. the towers of the

fili;it     adjacent Piers Ei.the tower and superstructure. t·                                                      F,3, and F.4U.IllThe eantilever section. which             k:  '51
t·i·!13  

would also need tobe
requires these connections to  1      A/&*. :ttii - reconstructed to behave in a
remain stable. would be  8 .Ri illif. similar fashion. A rendering
converted to a simply -J-I'll    of the concrete towers is

--<ir B /..:supported structure by adding      .4 »..4.
 

shown to the left.  1
Lm 11,1,N AL,1 1 ),lkl.Ilit| 11,1,  i 11(122 1.1 1 Vull
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These piers would be rebuilt in a similar 't  P··,·   -,

             shape
as Mers E.2A and E28. A comparison

.. ill  1 1-*   1        .  1

L..J '.14 7'L  1 -1of the existing and the retrofitted bridge i, AB  *,'.dipwz- r.·3  £4  j-, O :  '  . -    I
shown above.

:1:00
The large diameter steel pipe pile.s for the 6.

t Il W   2Iiew piers would need to extend deep into                                  -        ,    -   5. i

the hay to lbund these large piers on
coinpetent material (Franciscan Complex). 1"el· 1  : - ( ·,11.1.·:....ti.."ii

For Pier EZB. this distance is nearly 91
nieters (3(X) feet) below the waterline. •   Pier 33 is not founded on bedrock and isl

suspended 2 I  meter  4 70 feet ) above       /
E\·en with these retrofit modifications. it is bedrock.

anticipated that there would be permanent •   The peak accelerations predicted for a
displacement of Pier E3 after a large large earthquake would generate forces
earthquake.  Thir is due to a combination of that exceed the capacity of the
physical constraints· surrounding soils causing failure and
•    Pier E3 is a massive concrete structure permanent displacement of the soils.

  standing nearly twenty stories below the literally and permanently moving the

water with a foot print 41.1  meters ( 135 pier.

feet) by 24.4 nieters (80 feet).

\,ti,!M,tii,i..·,(),ikltit:Ill,ir Ijii,ic,·1.1.3 \Ul.iiI \CT.lilli h.11:15 1,1,,!C,1
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4.2 Proposed Replacement Alternative Features of this Replacement Alternative

The identified bridge type fc)r the include:
replacement structure for the east spans ol •   The new bridge will meet lifeline

              the San Francisco-Oakland Bay Bridge is a standards and be able to withstand a
combination asynitnetric single-tower. self- Maximum Credible Earthquake on the
anchored suspension niain span segment Hayward or San Andreas Fault with
near Yerba Buena Island with a skyway manageable structural damage.
connecting to the Oakland shore on an •   The new bridge will be constructed
alignment north 01' the existing bridge.  As while traffic continues to use the existingoutlined in Sec·ti'o,1 1.2..5 hit/7,duc·ticm.
Regicinal Preferciti ·es of this report. the bridge. This will allow construction to

identification of this structure type went occur uninipeded froin high traffic
volumes on the existing bridge.through a rigorous public and technical

rek'iew. {PRIVATE •   The Replacement Alternative will
"TYPE=PICT:ALT=Dot"}This design was construct a new bridge north of the
also recominended as the locally preferred existing bridge and would then
option.   Ulti mately. the design was endorsed dismantle the existing bridge.
by the legislatively authorized agency to • {PRIVATE "TYPE=PICT.ALT=Dot" }achieve regional consensus. the
Metropolitan Transportation Conimission The east span will consist ot two side-

by-side roadway decks. each with five
'MTC,

traffic lanes plus 3-meter (10-foot)

4.2.1 Features
shoulders on both sides.

h,111 1 1.illl Ae, ().ikl:lili! lt,i; IiI tij.ci· 1 J.hl  1''in N.·i i,Ii h.it ·1\ j'i„iR.t·i Itic.· 1 1



•   The e:i.st span will open views to both to the upper deck. The parallel structurei
eastbound and westbound niotorists. curve. enter a tangent or straight section

•   Eniergency shoulders will ease traffic over the existing navigation channel. curpe.
ci,nge tion by providing pullout areas and then align on tangent toward the
for disabled vehicles. Oakland Touchdown. The parallel

•   {PRIVATE "TYPE.=PICT:ALT=D(,t"} structures reach the Oakland shore along the
The span will include a 4.7-nieter ( 15.5- northern edge of the existing ()akland
12)01)  wide  bicycle/pedestrian path on the Touchdown area and conforni to the cristine
south side of the eastbound deck. raised trallic lane.  to the west <,f the toll plaza.

1 1.001 above the roadway.
• {PRIVATE "TYPE=PICT:ALT=Dot"} Replacement Alternati\e N-6 consists of

The two decks will transition to a two parallel structures each supported by 21
double-deck structure at the Yerba piers o,er water and 21 hents set on YBI
Buena Island tunnel. and the ()akland Touchdown area. The

4.2.2 Alignment
structures would each he 25.1 meters (82
feet)  wide and  typically  *eparated by  1 5

A replacenient alternative following a
ineters  (50  ket).   The t>pical roadway

northern aligninent is described below section for each bridge deck consi4ts of fiie
beginning at the YBI tunnel portal and lanes. each 3.6 meters  1  1 2  feet ) wide.  left
inciving east to the ()akland shore. A figure and right shoulders. each 3 meterf CIO feet)
nf the alignment for Replacement wide and tral'fic harrier .  A 4.7-meter ( 15.5-
Alternative N-6 ean he found on page 1-4. ti,ot) pedestrian/bicycle path Would be

located on the south side of the eastboundReplacement Alternative N-6 begins at the
deck. 0.3 meter ( 1  foot ) abo# e the roadwa>eastet·Ti portal of the YBI Tunnel.  Part of the
elevation.

eristing YBI East Viaduct would be
retrofitted. modified. and partially The height of the bridge. including thedetiiolished. The new bridge begins at Bent transition structure and the parallel48.  approxiniately 3()0 meters ( 10(*)  ket)

structures. would vary in elevation Ii·oni 50-east of the tunnel portal. with a transition
55 meters ( 164- 180 feet) abc,ve the ;4·ater al4tructure (see figure below) separating the
the east viaduct to 5-1() tiieters (16-33 t'eet)

double-decked lanes into two parallel above water at the Oakland Touchdownstructures.  Outrigger" supports would be
used to support the upper deck as the lower

4.2.3 Mainspan Structuredeck transitions out from below and parallel
A single-tower. sell'-anchored
suspension bridge is unu.sually

suited aestheticallytc e
1 .. site given the proximity of the

suspension spans of the
Golden Gate Bridge and west

                                                                                              spans of the SFOBB.  The
spans of the structure are
asymmetric with a 1 HO-meter
(590-foot)  span  west  of the
main tower and a 385-meter

 /                                                     1,1
1'11('!13-.1111ll|.tillin til'tlli. 11,1114111(in .11[I:lul·,'I,h3kille ,·,1.1
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1 126(1-foot) span east
01 the tower.

The high hed nick

profile on  Yerba                                                              -                                                       =£*4- 2--E•;EL#th_  - - 4 Vi---:.... r,4- ..  -  c'.1 .
Buena

Island to the      -.  1,   :,- 2 -i - ' -4    . '''  .-·' ;t,4 1,1,;i--'. .-1.1-K :-'.1.-  .1-: -west and the soft sc,il     '  ·     ,                              n             . . · :         ·  4
to the east limit the

7,9,217. 2,4 1.  ...,4.P·»'44- - = 'bridge types thal can                    -
be considered M the          -
project site. The
weight of the
Suspension bridge is
principally carried
by the liiain tower
which is founded on
bedrock.  As seen in

1'11•,11' .1111111.1111,11 · 11 R.Vil.1,·i·njelit \11,·111.111\, .1. m 1.·H.' i IIi,111 A.,iwil·.· 1.1.lillithe figure below. the
longer eastern half
(niainspan) rest  lightly on the east pier The main tower is visually and lunctionally

             delivering small dead and live loads
and striking.  It is tiiade of l'our slender steel

placing little demand on this t'oundation vertical legs connected together by steel link
located in deep young bay muds. beams. The link beams provide daniping

(energy dissipation) and are the basis of the
Connected at the top of the tower. the 111ain tower's e.reellent seismic behavior.  This
cable is anchored at each end directly into damping absorbs energy while the vertical
the superstructure. placing the superstructure tower legs reinain elastic and undamaged.
in compression. The deck is supported by The links act as fuses for the tower. allowing
suspenders connected to the main cable. daniage in tower elements that are easily

repaired and replaced while protecting the

f--
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1. d

fi,ur vertical pier height and span length.  Shortening the
lower legs Tower Legs   Steel Link Beams spans as the bridge approaches the w·ater

that suppori 71 / 1 surface near the Oakland Touchdown keeps
the bridge. ./ \ ./ , -3 the ratio oflength to width 01. the space
These tower              b                                     beneath the bridge und between piers
links behave reasonably constant. maintaining a visual
much like the fs=« continuity. When the spans are short

fuses on a enough to require girder depth. less than 4.5
residential ---xr»,».7 nieters C 14.8 fuet). the girder changes froni
electrical variable depth to a con.tant depth. lapering
syste,11 whei·e

1 .4...11 A l' . \ \··,-':·'11     1 1.lilli    1
" down to 3.0 nieters ( 1(1 t'eet) at the Oaklanci

Bitential Touchdown
daiiiage froiii an overload (11' the S>·Steill is
absorbed by the  l'use and the system remai ns The concrete
protected. ctructure will uk

post-tensioned
The main tower will be l'ounded on bedrock members. which
i ust east of Yerba Buena Island. The are prestressed in
hedrock is about 1() meters (33 feet) below both the
the water surface and slopes steeply in an longitudinal and
easterly direction. trans verse                               :

J

directions. For the                ..-
4.2.4 Skyway Structure variable depth                                              ,      ,  

               The niaicirity ol' the skyway  tructure will be sections. vertical       J
comprikd of a variable depth (haunched) post-tensioning -           -

c<increte superstructure with 160-nieter will be used to
(525-1'oot) spans supported on single column control shear ':·,lti,11 :,1 h k · . u .l ·.

piers.  The depths of the girder varying froni stresses in the
5.5 ineters (IN.0 feet) to 9.() meters (29.5 girder web.
feet).

The skyway structure will be arranged in
frames (groups) of three or four piers.

'e.        ,_1':*r--    - 7» Hinges near the midspan and between the

: il
frames will allow longitudinal expansion

and contraction due to creep. shrinkage and
i i -3
El temperature. Internal steel beains at the
.

Bicycle Pam hinges will provide shear transfer and
control dellections at the ends of the frame.

Seisti,ic loading is the most significant
h 1,1 3. .C. [11111  11  h.1,111, Ill'J,!klt'I.  11,1 \

criterion controlling the design of the
skyway structure foundations. The extreme

As the skyway structure approaches the variation in pier height. 50 meters ( 165 feet)

Oakland shore. the spans become for the west-most piers and  1 () meters ( 33
progressively shorter in length. This assures feet) tor the east-most piers. water depth.
that the girder depth is proportional to the and soil properties required careful

S.iIi 1 1.111< 15..,-( 1.ikl.ilid 11.1\ 111|112..' 1.
1.1 Sli,11! Mi').Jmi  5,15211 1,!1.IL'.1 :·,· 112
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consideration of the impact of the Steel pipe pile, will be used clue to their
foundation configuration on the seisi11ic strength and ductility.  For the longer 160-
response characteristics ok' the skyway nieter (525 -foot) span,. the pile  will  be
structure. The foundations will be designed driven to the Lower Alameda Fortiiation
to respond essentially elastically l'or a large extending more than a 1 (H) ineters (328 feet 3
earthquake.  Another concern is the potential below the water. Several different types 01'
t'or pentianent offset al the pilecap level analyses w·ere performed to +elect the
after a large earthquake. Battered piles will apprt,priate pile size and penetration depths
he used to manage and control the potential including:
displacement ol' the foundations after a large
earthquake.

• Linear Elastic Response Spectrum
A nalb,s i.s

resist loads due to shrinkage. creep. and
The t'oundatic,n will also be designecl to •   Pushover Anal>'sis

•   inelastic Time History Analysis
teinperature. These loadings are critical for
the proposed concrete superstructure.
especially for fraliles with short piers near
the Oakland Touchdown.

tm | 1,1 k m mi I.lk J.Jild ILI, 111 Ws· 1 .1 1  il,il
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5.0 DESIGN CONSIDERATIONS
5.1     Seismic Reliability In part. how well a structure performs or
For purposes of this report. a bridge can be how reliable a structure is during an
broken into three bahic coinponents and earthquake is dependent upon how these
three points ot' connection. These connection points and components are
components and connections are noted as designed and constructed as well a  the
ti,Ilows and shown in the figure below. The number of components. Each element of the
cc,nnection pi,ints are color-coded to identify structure (e.e. the foundations. tower.
the locations on the i·espective bridge crcis - superstructure) and each connecticin are
sections. polential failure points in the structure.

These elements can be designed to be vcr>
Bridge Cpinponents strong to resist the forces of an earthquake
• Superstructure or designed to accept and manage damage.

• Tower
•    Foundation  (pile cap anti pile ) The design for the retrofit of the existiniz

bridge is conipromised b> constraints
Bridge Connection Points imposed by an existing structure built to a

•      Tower to superstructure (red  zone) 1930s level of materials and construction

•   Foundation to tower (yellow /.one) technology and understanding of seismic
desien. Also. traffic levels have

•       Pile  cap  to  piles  (green  /.one) significantly increased and the in-situ
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Bridge
.
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geolc,gy presents niany challenges. A new -    Flerural and shear o erload on the
bridge can he designed with much greater existing timber piles. The piles would
reliability to respond more favorably to a break in a strong earthquake that would
Iitajorearthquake than a retrofitted bridge. release the pier laterally and possibly
Simply stated. a replaceinent structure will remove the vertical support (green zone).
have a higher degree of reliability as it will • Large numbers of elements and
have fewer and newer elements than a

connections each of which provides anretrolitted bridge.
opportunity for failure.

I.

Asse,sing seismic reliability is a complex
A fter careful review of the vulnerabilities of

process involving inany technical
disciplines. For the SH)BB East Span

the existing structure. it was deterniined that
the most appropriate and economic retrofit

.Seismic Satety Project. experts fro,11 strategy would be to strengthen the
acadeiiiia. public agencies and pnvate foundation  (piles and pile cap connections).
engineering firins have been brought stiffen the towers. isolate the superstructuretogether to evaluate the many coniplexities
of the retrofit and replacement alternatives.

and strengthen niany superstructure

The technical fields represented include:
members.                                                 C

• Seisiliology Although isolating the superstructure would
• Geology
•  Geotechnical Engineenng

require substantial modifications of the
towers to provide for the isolation hearings.

• Bridge Engineering and Design -- Steel reducing the input motions to the

                   and Concrete
•  Construction Engineering
• Construction Specifications Engineering 1 \».--,

1

: ic
•  Cost Estiniating

Retrofit Alternative
In order to develop a strategy for the
Retrolit Alternative. the vulnerabilities of
the exirting east span structure must be
i·eviewed.  Analysis of the existing structure
indicates that there is risk of catastrophic
failure during a niaximum credible
earthquake. Referencing the figure on the
previc,us page. the potential modes of
failure are:

• Large seisinic loadings at the top of
piers which could exceed the capacity of
the hearings and unseat the
Superstructure (red zone).

•   Analysis shows that the pier would fail
in flexure because of insufficient ,,

"

rellitorceillent (tower).
,4

('.tllille/ ,·1 11'11.< illembel' allit :14·iilent. 4,11 the 1 a.t Sp,iti

0,1111 1.inci ii'.1 ),iki.11'J 14.1•, 1,1 ill·ze I ,1,1 fr.ill Svt,1161& 0,111.11 1,11'll.:. j)'iv : 2



Retrofit vers,is Replacement

superstructure members was identified as prominent bridge eiigineers of the world
key to reducing superstructure and Professor at Technical University at
modifications. The superstructure would Denmark, has a short paragraph oii self-
still require strengthening the connections aiicbored suspe,ision bridges iii his
and stiffening and/or strengthening many book: "Cable Supported Bridges".  He
truss members adjacent to and above traffic considers this system inferior to other

.lanes. bridge systems.

Replacement Professor Astaneh uses this reference to
Without the constraints of modifying an Professor Gimsing's text as evidence to
existing structure, the design of a new support Astaneh's contention that the
structure can be uncompromising in the stability and reliability of the proposed self-
selection of structural configuration and anchored suspension bridge are in question.
ductile response, the material control would However, the "inferiority" discussed by
be excellent, and structure response would Professor Gimsing is a reference to
approximate idealized elastic response. additional cost associated with construction

issues involved in a self-anchored
A replacement alternative would also avoid suspension bridge.
the many years of traffic impacts that would
be part of the Retrofit Alternative. Unlike a gravity-anchored suspension bridge

which can use the supporting cables in the
Many bridge types were considered for a construction of the superstructure, a self-
replacement structure. Common to all was anchored suspension bridge must provide a
the use of a viaduct structure, steel or separate temporary supporting system for
concrete, to span the mud flats near the the construction of the deck.
Oakland shore. Several bridge types were
developed to cross the navigation channel Professor Gimsing does not state any
including: concerns with the stability and reliability of
•  A viaduct a self-anchored suspension bridge.  An
• Several variations of a cable-stayed appropriately designed self-anchored

sti'uctiire suspension bridge is as reliable and safe as
• Several variations of a self-anchored any suspension bridge.

suspension bridge
The self-anchored suspension bridge

As noted earlier, a new structure will be discussion from Professor Gimsing's book is
designed to meet the established design included in Appendix I.
criterion of a lifeline standard.

5.2 Roadway Design
In his letter to the MTC Bay Bridge Design Design standards are applied to bridge and
Task Force dated 20 June 1998, Professor roadway projects to provide a safe public
Asteneh writes, facility. The SFOBB East Span, constructed

in the 193Os, does not meet some of the
"In the literature, there is alniost no current mandatory and advisory design
i,lfornicitioii al out tliis so-called self- standards.  Features of the existing bridge
ailchored suspension bridge systeni. that do not meet current standards and how

Only Niels J. Gimsi,ig, one of the most

S:iii Fi'.incisc,1-0:tkl:ind Bay Biidge East Sp:in Scisniic Satecy Proiect Paee 5-3
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they are addressed with a replacement associated operational constraints. in place.
alternative are addressed in this section.

Roadway Geoinetry -- There are several
Retrolit Alternative non-standard elements of the existing
Roadway Cros.9-Section -- The existing bridge. The Retrofit Alternative would not
bridge has non-standard lane widths. The provide for any opportunity to upgrade the
total available roadway width in each roadway geometry to current design
clirection on the existing bridge  i  17.7 standards. The most notable non-standard

              meters (58 feet).  The existing
section elements of the existing bridge geometry are

consists ot' live lanes and no shoulders. For a identified in Sec·tion 2.1.3 Existing
fi ve-lane roadway. current highway design Conditic,n, Ri)adwily Geometr\·.
standards dictate an 24.4-nieter (80-ttiot)
roadbed providing for five 3.6-meter Replacement Alternative
(twelve-foot ) lanes and two 3.0-nieter ( 10- Roadway Cross-Section -- A replacement
foot) shoulders. The existing roadway erosh alternative will bring the roadway Cross-

section provides no provisions for section up to current standard with full
breakdowns or accidents resulting in a loss width shoulders providing a safe refuge area
of traffic lanefs) and resulting congestion for disabled vehicles and incident response.
after any vehicle stall or accident on the
badge. Roadway Geometry -- All of the non-

standard geometric features on the existing
Any retrofit alternative would leave the bridge will be eliminated by the new bridge

and federal standards for roadway geometry.
existing roadway ci·oss section. and its which will be designed to meet current :,tate

5.3 Bridge Traffic Operations
- There are several operational reasons for

metering traffic entering the bridge

- traffic safety, incident response mid driver

#E .#.. including maximizing vehicle through-put.

amt 4,14 ,--„ comfort in a constrained environment.  The--

,e -
niuch higher than on a bridge with free
density of vehicles on a congested bridge is

flowing traffic conditions. The rate of
traffic entering the bridge is controlled so
vehicles on the bridge can keep moving at a
speed optimal for maximizing vehicle

•r- 1/1 4.C through-put.

r- r

HI                                                        controlled by a metering light system
Westbound traffic entering the bridge is

", located just west of the toll plaza.  The rate
of the vehicle metering is dependent on the
volume of high-occupancy vehicles (HOVs).
which bypass the inetering lights, entering
the bridge.  As the number of HOVs

1 \litillf 1.11 1·wdwav 114'p) aild pli,91,-.iiiliilati„11 171' 1 :11
ni,RI\\,i\· libi   repiace'nielit ajtern,{Ii\e Blit(lill}

9.iii 1 1.Ilic Ir, i ( ).lk I.Ilid IJ.ie Illi,lue |'.1.1 Sp.ill Piwill' 6,11,'tr 1 11•'Icil 1 '.tile  i  4
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increase the nietering lights slow down. Market districts are nietered iii efl'ect as one
reducing the rate of entry for non-HOV lane enters the bridge at Esser and First
vehicles.  Additionally. when an accident or Streets. These ratiips enter the bridge into
stalled vehicle occurs on the bridge. the rate their own lanes. The impact of these
01' vehicles metered onto the bridge is geoliletric meters are reflected in the
decreased to match the available capacity. congestion on Route 8£) west of the bridge

Ill

                                                                                    a
pproach. which often extends welI past 9Eastbound traffic is geometrically metered Street. and on the ramp approaches in San

at the west approach in San Francisco. Prior Francisco on First. Second. Essex. Folsom.
to entering the bridge in downtown San and Harrison Streets. as well as others.
Francisco. Route 80 though-traffic is
constrained to three lanes. effectively Retrofit Alternative
tiietering Route 8() eastbound traffic. Ramp The Retrofit Alternati,e does not allow· any
trallie from the Financial and South of upgrades to the existing roadway cross

section and would not provide for any

                                                                      operational improvenrnts.

While rate of entry is controlled under
normal operating conditions. minor traffic
incidents can have significant operational
impacts on the bridge.  In the event of a
breakdown or accident. traffic capacity is
instantly reduced by 20% due to lane
blockage. There is further reduction in

1·.1.hil'ipitild 11·.itlic· chil ills o,Ilitillmle 11„Lir.

capacity due to traffic changing lanes to
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a, oid an iliciclent cau0ii,g a gener:,1 It ,hivuld be noted
hI(, lic„\ n „1' tral'tic iii the :icijacent lane*. Iii:it tliere i, :in

1)uring the critical and high volui,ie tral'llc onguilig "-'..... ..4     .....r.,.....

c#inditic,n  <,f the peak hour colilillute. iii \·e,lig:itil,111(1
reduction  in c:ipacit> Icir e,en ,hort peric,cl, include a
can cau.e k.ere congestion and lengthy pede>trian/ bic'>Cle                                            -
lie|:ty. lin the bridge and the appniache.. path gn the eriving

wev ynm k) close »

Replacement Alternati,e the gap in ABAG'h
With respect Ic) tr:Illic opei·:111£711$. [lie ilioit Ba> 'Trail plan                                · '
significant elenient ol' a replacenient between ()akland
alle,·nallie 10 Ihe inclusic,n (,f shoultiers 1(1 and San Franci4cci.  Al'IC and Calli·:in4 arc
reduce ccingestion iliipact:, (,1' cli0:,bled in the proce.  01' de,eh,ping CA)+10 anct
vehicles and either ineidenth.  Having pullout structut·al analysii hn· ciniti·ucting a
are:i. will all„w trallic ti) Ill)B relati,ely pede4trian / bic>cle path l,n the e\istine \,c. t
unencunibered as well as pknide AM si)Tin.
etiergency acce s lane+ 1211 incident
respi,11.e.  Thi3 benefit will he signilicalit Retic,lit Alternatime
and will be recogni .ed even though no The Retrofit Altern:ilive doe  not include
ee<,ilietric lilodifications are being iiiade ti, proii.ions tkil· a pedc,trian / bicycle path.

I    .the west wpan 01- the San Francisc  -()ak!:ind
Bay Bridge. Replticeizient Altern:iti\c

The Replaceilient Allei-nati\e pro\ icie  21
5.4 Pedestrian / Bicycle Facilities pedextrian/bicycle path on the east ,pan ah

In re,ponse ti) regional deAire+. the pre*crihed by the k17(-
Metrc,polit:in Tran,pi,rtatio,1 (0111111ihhion
(MTC). per the authority pic,pided in SB 6(}. 5.5 Aesthetics
dil·ected Caltran, N, include a pede*tiian/ .Aesthetics ha, long beeti .in issue 19„ the S,in
bicycle facility with a replacenient Francisco-()akland Bin Bridge East Span
alternative. The facility includes a 4.7-nieter .feiviiic Sal'ely Proiect. The SF()BB is

1 If .5-1 0411  wicie 11:111,way accoin,11(,ciating located in the middle of the San Fi·ancihel,
bc,th pede,trian and bicycle traffic. Bay and the east span of the SFOBB is

p·i>ible 120111 nearly eriri> city bordering the
i N t' ght; 'U.V.'-i'i.: i *711'17,2,-i•,3-  

*
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central pail of the hay. Photo-sittiulations would be encased in concrete. resulting iii
were prepared for all <,1. the locations shown bulkier vertical and bracing members ( see

in the figure on the previous page and photo-simulation. top right). These piers
included in the Visual Assessnient Report would also require large concrete tables at
for the pn,iect. the tops of rhe tow·ers t<) :iccoli]li]odate the

Retrofil Alternative
large isolation bearings.

The Retrofit Alternative would require The superstructure modifications include  
e tensive inoditication of the foundations. strengthening by adding steel plates and  j
piers. and superstructure of the existing east replacing many of the angle and lattice
span. These modifications would have an elements. The most visible superstructure
inipact on the visual character of the bridge moditication would he the addition 01. the
as well as its surroundings. external steel truss around the end spans of

the cantilever section. Highlighted in
The braced steel towers on Yerba Buena orange on the photo-simulation. the external
Irland would be completely encased and steel truss would reduce views from the
filled in with concrete resulting in a loss of lower deck and light entering the lower
openness :is shown in the photo-simulation deck.

above.

Replacement Alternative
Two new towers would be added to support The replacement structure selected by the
the cantilever section. The nienibers of the Bay Area representatives. a combination
steel towers fur most of the remaining piers self-anchored suspension/skyway structure,

\.Ill I '·ill:'.i,' 1 ).tk|.lilil 1%,i'. Ittlds:,· 1 .1,1 \11,Ill %:1.1711. \.il:1-, 1 '1.1 1,·l I 1 '.16' I -
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                  reflects the values of aesthetics in
this highly

5isible setting.

The replacenient structure bridge type was
selected t'or its aesthetic features as well as
for seismic reliability. Taken into context
with its surroundings. the self-anchored
suspension portion of the new east span
reflects the fc,i·nis of the S FOBB west spans
and the Golden Gate Bridge. but with 21

\I

century technology of materials and
knowledge of seismic design.
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6.0 CONSTRUCTION ISSUES
The primary construction issues are 6.1.1 Construction Duration

duration, traffic disruption, and traffic Retrofit Alternative
safety. With respect to these issues, the Retrofitting the existing structure is
retrofit and replacement alternatives are estimated to require approximately 6 years
fundamentally different. The Replacement to complete. The construction consists of
Alternative is superior to the Retrofit in-water activity, substructure and
Alternative primarily because of the shorter Superstructure modifications. The bridge
time to construct, less adverse impacts to would gain in seismic strength as the project
traffic flow, and the safety advantages progresses but would not reach full
realized by separating traffic from the capability until the project is complete.
construction zone. While retrofitting the superstructure is

taking place, construction would be
This section addresses the construction scheduled to avoid affecting traffic during
differences and similarities between the two the commute periods. When traffic
alternatives. convenience is assigned a higher priority

over construction access, the work requires
Table 6-1, Comparison of Coitstruction more time to complete. Because there is a
/ssues summarizes the similarities and 70% probability of a magnitude 6.7 or
differences in construction issues. greater quake striking the Bay before 2030,

every additional month to complete the
6.1 Differences Between Construction project puts this vital transportation link and

Of Alternatives the people using it at higher risk.
There are pronounced differences in
construction of the retrofit and replacement Replacement Alternative
alternatives. These differences are in the The replacement structure is estimated to
areas of: require approximately 41/2 years to construct

and an additional year to complete the•   Construction duration
dismantling of the existing bridge.

•   Traffic interruptions Westbound traffic will be directed onto the
new structure and a temporary detour•   Work above and adjacent to traffic lanes
structure on YBI about 3 1/2 years after start

• Traffic access and circulation on Yerba of construction. Approximately 41/2 years
Buena Island after start of construction, the eastbound

traffic will be directed onto the new
•   Dismantling structures Structure. Dismantling of the existing bridge

and temporary detours will begin onceThe construction differences are discussed
eastbound traffic is directed onto the newin the following paragraphs by topic and
bridge.alternative.

San Francisco-O:ikl:ind Bay 13,·idge East Span Seismic Sallty Project Page 6- 1
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Table 6-1 Comparison of Construction Issues

:
ISSUE ALTERNATIVE

Retrofit Replace---&,
Completion 6 years to retrofit structure. 4 1,2 years plus one year to dismantle

existing bridge.

9      Westbound
6 years through construction zone. 31/2 years to reroute to new structure.

I .2 Traffic
a)            5                              Work in low

use hours. Several months of traffic exposure to
 ,                                                                                             work zone while detours are constructed.
C a
e Eastbound 6 years through construction zone. 4 YS years to reroute to new structure.
I Several months of traffic exposure to

Traffic

:6                                                                                                    work zone while detours are constructed.0
C                                                Some work would require that the The new bridge will be constructed while
0                                            lanes on the existing bridge be traffic uses the existing bridge. Detours

'·  Traffic Interruptions closed.  This work would be will be constructed to facilitate traffic at

2 wA lower traffic volumes.
scheduled during periods of the day   both ends of the bridge.

.Sli

  Public Safety Higher traffic exposure to work zone. Bridge construction occurs away from the
Some work will occur above and existing bridge and traffic.

                                                                              adjacent
to traffic.0

YBI Traffic Access Ramp access unchanged. No Change of ramp access. Temporary road
and Circulation detouring around work. closures and detouring of island traffic.

Scale of Work Large equipment, labor intensive. Similar to Retrofit

Barge-Based Pile driving, dredge, cofferdams, Similar to Retrofit
Work concrete, materials delivery.

C
0            :g Marine Access Marine traffic diverted to navigation Similar to Retrofit(D

E         and Navigation channel. Barges, mooring, trestles,
1- and pile driving.m S-
.-

g       Materials and Boat, barge, bridge, trestle, temp Similar to RetrofitE          0 Worker Access docks.m S
C E Dredging Access for barge, excavate Similar to Retrofit

=   cofferdam.0
0
2 Substructure Piers, driven piles, caissons, Similar to Retrofit

iwi

Construction fenders.

0          9  ic Yerba Buena     Uses all space available on east end  Similar to Retrofit
.2 2 Island of YBI. Laydown area in parade

I   0 85
grounds, pier with vessel mooring.

I a Oakland Access from surface streets, access Similar to Retrofit
  2 Touchdown to shore has environmental0 U) restrictions

S:in Fi.incisco-():ikland Bay Hi idge East Span Seismic Sal'ely Project P:iKe 6-2
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6.1.2   Traffic interruptionh eristing truss to a new larzer enveloping
The retrofit and replacement alternatives air erternal steel truss to handle seisniic loads.
reinarkably different when considering the The retrofit of the "504 - trusses would
effects on traffic. The Replacement require major replacenient and rtrengthening
Alternative provides a higher level of traffic 01' truss eleinents. jacking up the truss.
mobiliiy because tral'fic would be separated installing isolator hearings. and installing
t'roni the work ione. By comparison. the transverse expansion joints.  With live
Retrofit Alternative requires motorists to traffic on the bridge. the trusses would be
pas>, within feet of the constructic,n zone jacked up and teniporarily supported while
through the entire 4-kilonieter (2 h mile) the new isolator bearings are in+talled.
long project. This condition would persist
for the much of the nearly 6 year duration The retrofic of the nineteen trusses which are
estimated to construct the Retrolit 288 feet iii length would be similar to the
Alternative. 5()4s: tiiaior replacement and strengthening

of truss elements above live traffic. iacking
The SH)BB carries Interstate 8() traffic and up and temporarily supporting the truss.
is the primary vehicular link between the installing isolator bearings. and installing
San Francisco Peninsula and the East Bay. transverse expansion joints. The upper deck
The westbound approaches are congested 01' the 288s i.s not enclosed in a truss.  As
during the niorning commute period. and the with the 5()4s. the trusses would be jacked

easthound approaches are congested during up and temporarily supported while the ne4
the evening peak period. During these tillies isolator hearings are installed - while the
the SFOBB operates at capacity. The public is still driving on the bridge.
SFOBB is also heavily traveled during non-
coniniute hours.  Traffic tlow on the SFOBB Construction equipment and workers would
is vulnerable to congestion due to stalled have to liianeuver within t'eet ot traffic while
vehicles. accidents and lane closures work occurs adjacent to and abo& e tral'fic.
required for bridge niaintenance or
construction. There are 274.()(X) vehicles 1,that use the SFOBB daily. The weekday

#highest use hour has 10.800
westbound                                                                                     ,;  1

vehicles using the SH)BB.                               m J-       -

Retrolit Alternative
The existingbridge is a double deck steel               ''          \

/ 4truss resting on shoes at the top of steel and ...

concrete piers. The lower deck roadway is                ·

surrounded on the side and above with the
steel elements that comprises the truss and

. .I ...'    .:f.  . -  I 7.*...:4 .    1-_ I   I.    1.  .upper deck road.   A eantilever truss and live                              -             .      , .        .1
overhead trusses. 504 feet in length. enclose                                                ..
the upper deck for about one-mile of the two                                              -
and one-half mile length of the bridge.

The Retrofit Alternative through the
'9

4

cantilever truss portion would connect the                  :

*.3:'

('i,nstnictit'ii.idiacent t„il·allie

                    tm I '.Illi Mu-( 1.lk].l
illI Ibi |Rgu l .1\1 \1 .111 \,·1\1111   $.I

ICI,

I'r,ill'L' 1'.t ..,. :



R,·,

Avoiding adverse inipacts to traffic will be a Trattic patterns would be changed d:iii>  as

ccinstant challenge with 274.(H)() vehicles the lane closures are implemented and then
passing through the construction site ever> remoj ed. Aillanes would be a\ailable
day.  Construction w·ould occur on the duting weekday commute houri.
bridge decks during periods of the day with
lower tralfic kolumes.  This reduces the Construction on the superstructure would he
potential  r traffic delays and exposure to halted during holiday weekends to provide
the construction work zone.  A lane closure for anticipated high traffic usace While
chart wi,uld identify the allowable lane retrofitting the superstructure is laking place.
closure litiie  t'k,r both directions of traffic. construction would be scheduled to avoid

affecting traffic during

1)1 Rl (  11( 1\ 1.VA lilli 1 1 1,  & 11, 1\ 14'I 91 "1.,1.,Ith.-4,"il,"LE'.

1.AM: L'U,ViRE (·HAR* 1). 1
c o m 11 i u t e periods. This

'k k! .i r.1 H.i  I l r'f e e 1 .¥11 1 '1. /.1 condition would persist for

1 ·,™ R·.iwi.ni, i, i™1 lt,•,ti·,it \A,.ri much of the nearly 6 year

.- I. -
duration esumated to construct

5 9. *1* *i z i z i,2 2 3:E i E E,2 2      the Retrofit Alternative.
222222222222&22222222222&

-,                  :                     //
Where public con.enience is

11.·i.1..,, thi.·«:h Ihi,-1.I„   [·
. -I--- -I   -I-- .

given priority over construction
1 1 Ill:.·.

  'l", 'f " ' activities. the tiine to complete
 „"I ."

-
_ I     the construction is lengthened.

11,5, 8.1... 1 A ..:,&,1../

1. Many construction activities1 4 ,9"'bal.-1 I k,1/.1.,„ ilizil.Zig:_'P ._ill (-1

1. i·likl Rt M 11<k. would occur adjacent to traffic
  l·,••..1. .,1 k.i.11.•• .illi..·nt tr.illA L...

1 't ,Ilb  .U  k·/.1  Ilk  [1.1 1 It.   1.ine
W.·. k.1.,  d.i, 1/.  1./.   . 1. MI :·  i,11,1... 1  l  i  u.    Wb  . 1 ntr during the period  of the day1, %61 ™.1 x. "1.1.'ll, A m. t..·ti  •7 4• ,nd  Fl'*·  d th,·

= 1.1•·':,1. 1,1...1,1 11,1..· ..11....1 ".,11'. 6,1 1         .1 ,4/1,  i.. 11: ake.td,  /1 rla -· 1,;   ; w 1. In.Lt'Lill, Il.'t with lower traffic polumes.
  1'.•,1.1.· ill.·.141,„, i,t:.i..·nl ti.,Th, tan.·. .1*.,Ii„1·,NNI,; 1 ,mim[ilille:IM,)111

4 1*...1.· it 1...1,1 t.«,1 .IM,i·/11 kik· i •1 i...lit. Soitie of these construction

0 N..1."kil...",4. P.It,»tt...1 activities include.

• Paint removal

I'litl i  Ill *N w.·,11.wid 1
/. \0* 4 45 1  9 I    I ,·it . •1  Ihi'  '•« 1, I r.,ti, 2,4"

1. "F < 1.< ).1'llf. , 11#Iti N< ).1 • Rivet removal and
c j.ikkind 11:1 b lirt,i,W  1.111 111.i/.1 replacement

i./k /4/r.·Tillit'./1 110/rh·,T\ 85# • Bridge painting

ff.Ilil.3.3/ftti:4144:ff,  -   Lifting and attaching steelEL/LUK/((/0&:,CLE.L.KCKKE

M.*14, thi.•upli Ihili.1.„, TI 1 plates
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I     Traffic will use the existing

l <i,all h.11,13>,
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bridge while the skyway and
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I .':.1,1 mainspan portion of the
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STAGE 1After 42 titi,nth.s. westbound traffic will be
routed to the new westbound structure whi le •   Construct new Bridge
eastbound trallic will continue to use the

• Construct eastbound iEB,and westboll[id
lower deck ot' the existing bridge.  This is to EWBi detours
allow c onstruction of the transiticin structuir
on YBI while accommodating traffic. These
detours are depicted to the right and on the
l'ollowing pages. The upper photo shows the
detourw at the ():ikland Touchdown while the
lower photo whows the YBI detours for the

.

. - - '  --:69921/t-'.a,62*9L:2 C 4&13&.LD.' 'j I 2 -   -
s tirie state of conmructitln.

: .,  - I : 9.   2...'
T. r··  . -·:14 -.--As depicted in the series of photo- *-5.....  .a-EF··       ...·   4   .·_

sitiiulations. the traffic handling during
construction is accomplished in five stages:

•    Stage 1 - Con truct detour structures

•    Stage 2 - Route trallic (into detours
.''li     1        0.  .

•    Stage 3 - Renio#e portion of'the existing

bli(jge on  YBI
..

•   Stage 4 - Ccinstruct the transitic,n
structure on YBI and shift trallic lo the
new transiticin structure

•   Stage 5 - Disliiantle existing bridge

On YBI. the detoui structures will route
trallic{re "tral'fic"} around the construction STAGE 1
area while portions of the existing east span
are deinolished and a new transition 4:€

structure is colnpleted where the existing
bridge now stands.  The detour structures 67 b
will allow the replaceinent structures to be
connected to the retrofirted YBI east viaduct ':

-F t.while avoiding impacts{xe "impacts"} to
traffic.  The detour structures will he in -,    7   '           -A i    L944#,--

1 -.. ..r,place fur approximately 32 months.
.9...- 0.      #.

6.1.3 Work Above and Adjacent to
i'raffic ---

Safety is improved when traffic and                                        --      ''      r
construction activities are separated.  In this        6=                   75&'1   1 £. k

Il / •*.»
respect the retrofit and replacenient                             »            ,· 1 1
alternatives are fundamentally different.

-         ·-       '   9
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STAGE 2 STAGE 3

•   Shift traffic on to detours at Oakland •   Shift traffic to new WB hi·idge and detours
TD at  YBI

•    Construct new WB approach at •   Construct EB landing at Oakiand TD
Oakland TD •   Remove existing Dridge trom Bent 48 to

•   Complete construction of detours at                   YB1
YBI

671-7:  TdW,9. ,6- -  6..   Lip/:m,For, 73-.   : . -
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STAGE 4 S TAG E  5

•   Construct remaining section of the • Dismantle existing bridge
new bridge at YBI

•   Shift all traffic to new bridge

1,1.Itittell,i 1 '11,2 1).tk hit.1  11'ill lilI."1:1  !1.·.1
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Retrcit'it Alternative
Trailic would continue to dri\·e on existing Currently. access to YBI is pro\ided by
bridge decks w ith construclion occurrine raitips on both sides ot' the YBI tunnel.  On

adiacent to and above traffic lanes. Thi.* the San Francisco side of the tunnel. there is
condition would exist along the entii·e 4- a westbound on-raitip from  YBI/Treasure
kilottieter (2 4 inile) length of the bridge. Island (TI) and an eastbound off-rainp to

YBUTI.  On the Oakland side of the tunnel.

Replaceinent Alternative there is a westboundoff-ratiip to YBI/TI. a

             The new bridge will be constructed while westbound on-ramp to San Francisco. an
tr:it'lic uses the e,risting bridge. Safety ih eastbound off-ramp to YBI/TI and an
impmved when the traffic and construction eastbound on-ramp to Oakland.
activities are separated. In this respect the
two alternatives are different. The new Local circulation on YBI 1+ currently
bridge will utili,e detours as previousl> acconiniodated b>· a series 01- roadwars
described to Ilicilitate construction at the two including:
ends of the bridge. •   Hillere t Drive - Main roadway Ic,cated

6.1.4   Traffic Access and Circulation on on the south slope ot' YBI connecting the

Yerba Buena Island eastside and westside of Y B I leading ki

Regardless of alternative. access to and Inini
Treasure Island.

YBI and TI is maintained during all phases •   Macalla Road - Main roadway located
01' ccinstruction. However. NC)ille ranips will north slope of YBI connecting the
be teniporaril>' clo ed for the Replaccinent castside and westside of YBI. Macalla
Alternative. Road also leads down to the Historic

41
'4

A                                                            .--···.1.-73: ,
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I)istrict and the USCG facilitiev. miinths. As a result. direct :icced bun
one side of the bridge to the other will be

•    Southgate Road - Connection between
Macilla and Hillci·est. located east ot' the

detoured. Some residents on the south
side of YBI will have a more circuitous

tunnel beneath the bridge route to access the westbound on-ranip
to San Francisco and to the Historic

Retrolit Alternati e District/USCG facilities.
The Retroth Alternati,edoes not
conteniplate any long-terni eli,sure of ramps. 6.1.5   Dismantling Structures

Retrofit Alternative
The Retrolit Alternative would in,ol,e There is no dismantling in the retrofit
limited trallic restrictions on the portion cit'

alternatipe.Macalla Road leading down to the east end
cit YBI tci nlove construction equipment.

Replacement Alternative

  Replacement Alternative The existing bridge. access trev les.
temporary falsework. and detour structuresAccess ici and froin YBI and TI is will be removed under the replacement

iliaintained during all phase+ cit' construction. alternative.
Soine ramps will be temporarily closed 12)r
the Replacenient Alternative. 1)uring 6.2 Similarities Between Construction
construction. tlie westbound on-ramp and ()f Alternatives
the easthound oft'-ramp on the eastside of There are a nuniher ofconsluction Asuebthe istand will be chived tkir approximately common to both the retrotit and replacenient
32 and 22 liionths. respectively Traffic will alternatives that are substantially similar in
he able to get on and oIT the bridge at YBI

nature. The retrofit and replacementvia the ranips at Hillcreg Road on the
westside 01 YBi.  Access to and from . -   ..gr .W---    :&. .....I-

Treasure  Island  will  he  provided at all -a='S   = ..0 -A
tiines. :.ro=*Rop...

-.LOP,44-*09+15..

7 .i/  / 5../.    , 15,-
b·e   =4 1Local circulation on YBI ,·ill be affected                     er =

with a replacement alternative

•   Hillcrest Drive will be open at all           . -
.St:..

times.

•   Macalla Road will require one-way
tral'lic control thri,ugh the hairpin turn -

to facilitate reconstruction of the road.                                                        1   1
There will be additional traffic -r

restrictions on the portion of Macalla
Roaci leading down to the east end of
YH I Ii, inove construction equipment.

•   Southgate Road will be closed during =7... ,

                     removal of the

existing bridge on YB1
and construction of the transition                                                       ·
structure. a period of approximately 20

C &41.11·tiLI N,It h.ifee, 1,11 the \'11,111(' 1 41 Idee
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alternatives hiike similar construction issues Marine Access and Navigation
with respect to: The in-water construction actip ities required

•    Scale of work
to construct the retrofit and replacement
alternatives would hap·e sitiiilar effects on

•    In-water constructic,n the movenient of commercial vessels and

•   Laydown area on Yerba Buena Island
recreational boats. Marine traffic would be
diverted fr<)in areas of construction where

and Oakland Touchdown

C).2.1 Scale of \Vork

barge mooring. pile-driving operations. and
trestles are in use. The navigation channel
near YBI would remain open during

Construction of the retrofit and replacement construction.  The width of the navigation
alternatives would require use of large-scale channel will be reduced during construction
constmetion equipilient and labor-intensive but not less than the minimum width
construction activities.  Noise emitted from

required by the Coast Guard.
the dri\ing 01' large piles would be siniilar
for the retrofit and replacement alternative .

DredgingThe con:,truction period for the alternatives

              is anticipated to be approxiniately 4 h to 6
Dredging will be required for portions of
both the replacement and the retrofit

years. including dismantling the existing alternatives to excavate eofferdams and to
bridge l'or the replaceme nt strategy.

accommodate barge access because in Awne
locations the water depths are  hallower than

6.2.2   Iii-water Construction the draft of a necessary barge. The limits of
Barge-Based Work the shallow water that are expected to
Most in-water construction will take place

require dredging for barge access extend a
from barges. Barges will be used for distance of about 1.6 kilonieters c I  mile)
material delivery. dredging, drilling. pile
driving, lifting. pile extraction. constructing

from the Oakland shore to approximately
Pier E-9. The anticipated maxitnum draft

col'ferdams. and demolishing.  Special for the barges is 3.6 meters ( 12 Feet).    Tobarges and lifting equipnient will be used to
accommodate heavy equipment needed to

ensure adequate clearance over potential
in·egularities in channel depth and to allow

support large-scale pile driving. In areas of
for some potential resettlement of materials

shallow water. construction will take place

from trestles and/or barges.
in the channel after dredging. The channel
will be dredged toadepth 01 -4m ( - 14 feet).



EBicgi-4     1*7--1.-,3.......... -' ':  .: - -_:- - -11  material dispo*al will take place al
*,38*..... S.y:0..:"-- '' ·-:··..I.;263 ..t .... sj.-·: *:  designated off-site locations.
--0. -4 ..---,r....il..„/4 --

---   .1,·l_ 1 ---916/6 Dredging quantities vary I'rom
\ . 4.4 .

1

....'.'',r-

199.()0(l cubic meters (26(J.000 cubic

.-.- f.,       '-,
yards) ti)r the Retiofit Alternatike to

. .  .1: 445.()(*) cubic meters (583.()00 cubic
St.:.   I

1                                                  8- f                                                      yards ) for the Replacement
Alternative. The difference in dredge

. -7.   quantities will have cost implications_ .· .M'='ll-, '3·1-1  ' i'.·.  f_....... ... 4,-, 1. I,-1   '. ·1: ...

'F·,·»·.1 56:·521 -9#' 11 :i-· :r...       ·  ' _.-. r. 5-0'r=   but not result inachangein
2 :''fJin:I,    11199.(-1 1-. -64346 .3--t: 1 . - .... . air- -    construction methodolog> '2*is -1 ·,i      e-r l,L, S . r.:1.... .. -lL.
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9,1
Substructure Construction

1     - Ge,

9                                                      Construction on the substructiire
t. 9 eliN (below the tops of the piers) will

.40-9 f'i consist of piers. cofferdanis.

                                         foundations. caissons. piles. pile caps.'

9. ' . . .d  81  .

,".  1' It. 1 is navigation electrical systems
anchoring systems. fenders. and

..1-/' #il''lia
6.A-:Spi Substructure construction Bill consist

16    1/1,5,    I. res--·.·a primarily of installation of piers and
pile caps.  It i  expected that\ . [1, lilI., 1 1
cofferdams will he constructed in
shallow water and cast-in-steel shell

1)redging techniques can generally be piles will be driven as niethods to con,.truct

              categorized as either hydraulic (suction)
or piers. Construction ot piers will require

mechanical. Hydraulic liredging 11'lay large-scale construction equipment to drike
inkolve the use of equipment such as large-diameter piles.  Pile driver6 will be
cutterheads. dustpans. hoppers. hydraulic mounted on deep-draft barges.
pipelines, plain suction. and sidecasters.
The hydraulic iziethod typically minimi/es
disturbance and re-suspension ol'                                           \

Lsediments. but involves the entrainment
1:.1       i  i     .,Ef,;,,1.1 ,-01' high Voluttles of water. The water and

sedinients will have to be discharged al a      ·,   , . ·' ·i, .. .t. , 1  .  -3'.l ' I '     Ij ,  -..,
01 .disposal location. Mechanical

(echniques invcilve the retiioval of                                               *  .·f
material by equipment such as clamshell.                                1
dipper. or ladder dredges. Sediments are
dislodged and ercavated and then raised                                    -
to the surface and discharged into a
barge or scow.  It is anticipated that the                      .1
primary equipment usedinthe dredging      «:  .      -1  . 5.  .-4    /...1-for the East Span Project will be .-..'.- 0/      .J-% I.:7 :A.'

-. i'.4 ....

clamshells and cutterheads and that
,
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6.2.3   Construction Staging Area Yerba Addirionally. the land at the Oakland
Buena Island and Oakland Touchdown Touchdown adjacent to the Caltrans right-
For either the retrofit or replacement of-way on the south side of the eristing
alternatives. contractors will require roadway will be required fur temporary
construction laydown and access areas on construction easeliient . At the Oakland
Yerba Buena Island (YBI) and at the Touchdo\#·n. access to the construction area
()akland Touchdown tor construction will most likely he from surface *treets that
storage and staging for the project. The align south of 1-80. such as Burma Road.
entire eastern end of YBI. including the The East Bay Municipal Utility I)istrict
parade grounds is required. A pier and sewer outfall is located in the work area and
vessel mooring facility will be constructed has shallow ground cover.  Protective
near the parade grounds or offshore from the measures will be taken during construction
eastern tip of the island to facilitate the to preventive damage to the outfall.
loading and offloading of material from
barges.

I
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The cotiiparison of schedules between the Coti tniction contract is scheduled tc) be
replacellient and retrofil alternatives can advertised in late 200() and is the fir*t step in
only be reviewed within the context 01" the the public contract bidding proces..
current stalus of the prc,iect.  Thi>, will Construction is scheduled to start in earl>
deteritiine which approach has the least 2001.

impact on the current project schedule.

Although the construction of a repjaceinent
For purposes ol- this evaluation. the bridge and dismantling the eristing hridge if
schedules air coiiipared in teriiis of the titiie erpected totake about 5 h years. traffic will
when traffic would be u. ing a xismically be using the new bridge well before
upgraded structure to the applicable construction is completed.  As seen in
pertorniance standard. General activities photo-siniulations in Se<·tic,n 6.(1
thal drive the schedule include: Guistrm·thm /1·sues. the westbound traffic

•   Analysis and Design Will be shifted fo the ner,· w·estbounti
•   Public Contract Bidding Process structure in Stage 3 of the construction
• Construction staging plans as shown on page 6-6. Thi.s

occurs about 3 1,2 years after the start of

7.1     Replacement Alternative constiziction.  11 will take approximately one
There are three construction packages being year to coinplete Stage 4 construction after
prepared Ikir the Replacement Alternative: which the eastbound traffic will be routed to
Yerha Buena Island/Mainspan. Skyway. and the new structure.

()akland Touchdown. The analysis for the
design is completed.  The construction 7.2 Retrofit Alternative

plans for the three construction packages are Retrofit plans were approxiniately 659          |

approriniately 65% coniplete (Skyway complete for the East Span Proiect befc,re        
Structure plans are 85% coniplete).  The first the decision was made to consider

1999 2000 2001 2002  2003  2004 2005  2006  2007  2008

:
23 Years

1   Design                                              g   .               9      1.5 3-ears
>

E&  E IL
  1

;19pjactjifiEnt F---1 Bidding Process 4%  2 
vA -O -0Aligrnailyg 1\18 3.   3,

P     ·-                        S e :4 Construction
S         i

r-1 Analysis                                            .  &
EE

- Design                                       S 3Hytront
AILriliJt]ye 1-             - 1 Bidding Process E"m-

»- 1 Construction



                                                                                                                                       Retrofit vet·sits Replacenterit

replacement of the east span of the San The duration of retrofit construction is a
Francisco-Oakland Bay Bridge as an function of the traffic control requirements.
alternative. With a more complex set of construction

activities that are constrained by the traffic
In order to complete plans for the Retrofit operational requirements, the duration for
Alternative, additional analysis would be construction of the Retrofit Alternative is
needed to finalize the retrofit approach for anticipated to take six years. The
the cantilever section. However, construction of the new bridge will be
construction drawings to retrofit other completed away from the existing bridge
sections of the bridge could be made ready and the schedule for the Replacement
in a few months. Alternative is not affected by daily traffic

control requirements.
The Retrofit Alternative project would be
subdivided into a series of ten smaller 7.3 Conclusion
construction packages.  Each of the Implementing the Retrofit Alternative at this
contracts would be advertised when ready time would delay seismic safety for
and in coordination of a total construction eastbound users of the east span of the San
effort. Some packages which still require Francisco-Oakland Bay Bridge by 1 '/2 years
analysis and design effort would be and westbound users by 21/2 years. The
advertised several months after the first figure on the previous page provides a
contract is released. comparison of the retrofit and replacement

alternative project schedules.

Swi Fraticisci,-():ikland Bay Bridge East Span Seismic Safety Project Paee 7-2
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8.0 ECONOMIC ANALYSIS
Two separate analyses were prepared by alternatives. Issues considered included
Caltrans investigating the cost-effectiveness facility costs and user benefits and costs.
of the retrofit versus replacement decision. Facility costs included construction,

rehabilitation, maintenance and operations,
•    Retrofit vs. New Bridge - An Econom.ic probable earthquake damage repair, and

Aiialysis for the East Span of the San salvage and residual values.  User benefits
Frimcisco-Oakland Bay Bridge, April and costs considered traffic accidents, traffic
1997 delay, and potential loss of life due to an

•     Replacement  Study for the  East Spans of earthquake.
tlie Scin Francisco-Oakla,id Bay Bridge
Seismic Safety Project, December 1996 The following is the executive summary

from the referenced study:
It is important to note that all analyses

regarding cost-effectiveness presumed a "Two alternative projects have been
"base case" replacement structure that proposed to improve tile safety of the
would consist of a skyway structure or a niotori,ig public 011 the east span of the
skyway/cable-stay structure. San Francisco-Oakland Bay Bridge.

They are retrofitting the existing bridge
After a decision was made to consider or building a new bridge parallel to it.
replacement of the bridge, legislation was To compare these two optiolis froni an
adopted (Senate Bill 60 of 1997) to provide economic and divestment analysis point
funding for the project.  This legislation of view, a  life-cycle/be,iefit-cost study
provided the Bay Area with the decision was conducted to assess all benefits and

making authority to include additional costly Costs of botli options over tile entire
amenities in the bridge project (bicycle / ecollomic life of the bridge.   Even though
pedestrian path, signature span, Transbay tlie ki,est span will al.so be retrofitted, as
Terminal improvements). The Bay Area has rellected iii tliis aiialys is, the nicii,i
included such amenities in the replacement purpose of this aiialysis is to assist with
bridge currently under design.  The decision investment decisioii making on the east
to add amenities is independent of the 1)ridge.
decision to replace or
retrofit. Cost- The agency cost categories

-I

effectiveness, therefore, considered in the aiialysis
remains a function of the include all admiliistrativeRETROFIT

base case replacement VS. support and engineering Costs,
Stl'uctlll'e. tlie bid price, pote,itial costs of

NEW BRIDGE aii ecirthquake daniage, a,id ct
8.1 Retrofit vs. New 10 to 20 percent contingelicy

Bridge - An AN ECONOMIC ANAILYSIS FOR for possil)le Cost overrulls. On
7' 1 1 E 1·;AS'l ' H I>AN (.).1' 'r.HE

Economic Analysis SAN FRANCISCO-OAKLAND the user side, all trciffic del.ay
BAY BRIDGEfor the East Span 2

alid accident costs liave beeii
of the SFOBB 1      quantified and included.

This analysis investigated Based oii tlie life-cycle costs
the cost issues for the cilld be,iefits coiisidered iii this
retrofit and replacement «*'-  .      study, and based on botli

S:in Fr:inciscc,-0:ikl:ind Bay Bridge East Span Seismic Sal ely Proiect Page 8- 1
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w<,uld hilze d Iiiglier ittitiii!
4 7, ft thail the ski·H·(17· ciptic,/1. ther Li·ouhl and replacenient of the east span.
/uit·e. i·e.i·pe<nt·ch·. a /ite-(·yc·le (7.,t of
$546 ittillii in cind $437 ntillicin lei·.0 Ill(111 It is recognized that dollar value does not

the retrcilit drentittive." always allow for complete evaluation in
what is fundanientally a safety upgrade

8.2 Replacement Study for the East project. Sonic outcomes are unacceptable

Spans of the San Francisco. regardless of economy. Therefore. an
Oakland Bay Bridge Seismic allowance is given to efaluate outcome as
Safety Project well as cost

A cost analysis was prepared to assist in the
decisicin niaking process of retrofit versus The l'ollowing items were considered in
replacement. The findings of the analysis developing the economic analysis:
are documented in a report prepared by Dr •    Loss of' Iii'e
Brian Maroney titled Replacentelit Studr Ii,r •   Earthquake event before and after
the East Slia,ts (4)he San Franc·isn)· upgrade

Oakland Hity Bridge • Structure collapse.
Seismic  i ty Prc,jec·t dated •   Probability and
Ikember 17.1996. magnitude of

earthquakes
The alternati ves  were
evaluated in terins of .   Structure condition

• Traffic voluines
probable outcome and cost •   Maintenance cost*
To facilitate comparison of
alternatives. pn,bahle 8.2.1 Capital Costs
dollars were used as a

Capital costs are based on
measure of effectiveness. construction costs for the
This essentially establishes retrofit and replacement
an economic analysis of the alternatives.
decision comparing retrofit
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Ret,·ofit vets,ts Re/,/acente,11      1,4
1 ./
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     . '

Construction costs developed for the                                                                                                         / Ob, r V 
replacement structure is for a concrete Retrofit Replacement
viaduct option and did not include bridge Construction Costs                      9 1 5 1.1 6 7 96 00
amenities subsequently identified by the Salvage Value                     0              (53)
Metropolitan Transportation Commission Paint Costs 8.5              0

(MTC). The bridge amenities, a cable- Maintenance Costs                  8.5                 0
supported mainspan and a pedestrian/bicycl Deck Rehab (short term)              1 2                       0
path, are paid by a separate toll surcharge Deck Rehab (long term)                 1 5                          0

authorized by MTC. Sal'ety                                3                 0
,SUBTOTAL 991 1,114

8.2.2 Life Cycle Costs M6-7 EQ 662 293
With the Retrofit Alternative, the SFOBB is Before const coinpl

expected to have a remaining service live of M 7.0+ EQ 220 254

1 50-ISIS. A replacement structure is      Before const coinpl

'™ESFected to have a service life of 150 years. M6-7 EQ                                      2 1 9                      9
'1   Post Construction
'

M 7.0+ EQ 212          5

was assumed. Life cycle costs include
To assess life cycle costs, a base of 50 years

i Post construction

kAOTAL 2,304 1.675
maintenance costs for painting, other Note:  Costs are in millions of 1996 dollats
maintenance requirements, and deck
rehabilitation. A salvage value was 8.2.5   Conclusions from the Replacement
calculated for the remaining 100 years of Study (December 1996)
service life for replacement alternatives. The analysis included the risk cost for an

earthquake event and supports a decision to
8.2.3 Earthquake Scenarios

 
replace the east span of the San Francisco-

A key challenge is to address the cost of Oakland Bay Bridge with a new htructure.
potential earthquake impacts in the
economic analysis. The approach includes A replacement alternative is also supported
review with respect to a variety of by the high cost of construction for the
earthquake events and retrofit strategies. Retrofit Alternative.  This is consistent with
The earthquake events analyzed includes State policy. In a June 12, 1996 letter, the
events less than a magnitude 6, magnitude State of California,Department of General
-6.5, and magnitude 7 or greater. Services established a policy, based in part

on Proposition 152, that dictates
The economic analysis included repair costs consideration of replacement as an alternative
for damage caused by probable earthquakes, when the retrofit costs exceed 75 percent of
both before and after completion of replacement costs.  At the time of Dr.
construction of a retrofit or replacement Maronesk report, the capital costs for retrofit
alternative. was $<  illioll-CgfRared to a cost for

replacement of .1,16ttl'iaduct structure)      i
8.2.4 Economic Analysis million.  Construcrioncpst«or the Retrofit    h
The following table summarizes the findings Alternative represente 8-% f replacement
of the economic analysis. costs. When considering lifecycle costs on a

50-year basis, the percentage of costs for
retrofit compared to replacement increases to
89%.

San Francisco-Oakland Bay Bridge East Span Seismic Sali ty Proiect Page 8-3



9.4) C.()\'('i,L ..4 1( 74.t;
All studie  t'a\·or the construction of a maintenance stat't' who will maintain the
replaceinent bridge over retrofit fur the east bridge during and after construction.  The

Bridge. The evidence is consistent not only 274.00() vehicles per day. is 4 kilometers (2
spati of the San Francisco-Oakland Bay existing east span structure. which can-ie4

with respect to the crucial question ot' 1/2 miles) of highly constrained environinent.
seismic safety but also with respect to the as high as 61 nieters (20() feet) abo e San

                key values of puhlic and worker saf:t>. Francisco Bay. with five lanes of traffic in
public convenience. and cost-effectiveness. each direction and no shoulders for

elnergency parking Construction for the
9.1 Public Safety Retrofit Alternative on tile existing bridge

With respect to seismic safety. the Retrofit would expose public anci workers to
Alternative is inherently less reliable than a potential hazards such as.
replacement alternative. and reliability is a •    Expo ure of public and construction
nieasure ot' safety. A new bridge will have a w·orkers to installing and removing lane

L-
closures

• Construction adjacent to and aboveW.-4- 4 ,
3 *T-'.....1.                                 traffic lanes  ,1 I.:*.».14--*1* •   Construction equipment. maintenance

te539.Ajfa· e//  equipinent and traffic immediatel>

.= 9*  '*1 
adjacent to each other

   .*M Li.,41 821:Ill:Ilirf,- .",ir;4&1.1
For a replacement alternative. the s ast

- 4 15'.-   9\ 64./1 niajority of the construction will be away
1 1/1 11    1, 1.1,   i /

--1/2-&/Ifi
from the existing east span.  This separation

- elitninates conflicts between the
high degree 01- reliability as  construction crews. m:lintenatice cre'*s. and
it will have fewer and the traveling public.
newer elements than a retrofitted structure. Tt

A replacement bridge will meet the lit-cline 113 >..1.\1
perti>rmance criteria. C(instrained by a                '                  \
193()6 level of material and construction
technology. it is impossible to retrofit the -\\.,
existing east span to lifeline standards with .- 1

-1.any reasonable degree of confidence.                                           , ..3.

Seismic safety will also be achieved sooner
r

. -  aw---f- 1a-Linif
..1     -_ &3 ;7   1.... -   ..,mi

with the Replacement Alternative.  Seismic        L                                          /
safety for westbound and eastbound traffic

r 111 |'4   Ii,1 1,   111  1,   t   '1' 1111, 1 I,ill

Will be achieved 2 0 years and 1 5 years
sooner. respectively. than for the Retrofit
Alternative. 9.2 Traffic and Public Convenience

The Retrofit Alternative has a vastly greater
The Retrofit Alternative is less safe for the adverse impact on public convenience than a
traveling public and for Caltrans replacement alternative both during and



after construction. Construction on the steel It is important to note thal all anal>ses
tru s elements above and adjacent to traffic regarding cost-effectiveness presunied a
has the greatest iinpact on the traveling -base case" replacement structure that
public and is expected to last 1'01' the would consist ot' a skyway structure or a
duration of the retrofit construction skyway/cable-stay structure.
schedule. approrinlately sir years.
Increased trallic control nieasures. daily After a decision was made to consider
closures of multiple lanes. construction replacenient of the bricige. legislation w·as
equiptitent and iiiaterials in the adjacent adopted C Senate  Bill  6()  01   1997) to prc)\ ide
traffic lane would all have an impact on the funding for the project.  This legislation
users of the bridge.  With most of the provided the Bay Area with the decision
construction away I'roni the e,\isting bridge. making authority to include additional costly
a replacement alternative will directly affect amenities in the bridge proiect (bicycle/
the traveling public only during the pedestrian path. signature span. Transbay
ti·ansition of traffic froiii the existing bridge Terminal impropements). The Bay Area has
to the new bridge. included such amenities in the replacement

bridge currently under design.  The decision
A fter c<instruction of the Replacenient to add anienities is independent ot' the
Alternative. two new shoulders in each decision to replace or retrofit.  Co01-
direction will provide refuge areas effectiveness. therefore. reinains a functicin
accomitiociating disabled vehicles and of the base ease replace,ilent structure.
rciutine bridge maintenance activities.  The
Retrofit Alternatixe cannot provide roadway 9.4 Regional Preference
shoulder areas. Through  MTC. the region has identi fied a

locally prefurred alternative for a
9.3 Cc,st-Effectiveness replacenient bridge. This alternative is a

Based on a Iii'e-cycle analysis. the Retrofit single tc,wer  sellianchoreel  suspension
Alteriiati e is less cost-effective than a mains pan / skyway viaduct on a northern
replacement · tructure. Two economic alignment. The selection of the bridge type.
analyses evaluating the costs indicate that. in location. and the decision to replace rather
a life-cycle analysis and including repair than retrofit has been endorsed by an
after a large earthquake. the replacement overwhelniing inajority ot' technical experts
alternative (skyway) costs less than a retrofit frolli academia. the pa}fessional engineering
alternati\·e. community. and public agencies.

-  -
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APPENDIX A

Correspondence to and from
the City and County of San Francisco



APPENDIX B

Correspondence to and from
Professor Abolhassan Astaneh-Asl

UCB Article about Professor Astaneh
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APPENDIX C

Correspondence from
the Caltrans Seismic Advisory Board

and

the SFOBB Seismic Safety Peer Review Panel
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Correspondence from
Governor Gray Davis



APPENDIX E

Index of Reports and Technical Studies

Regarding Retrofit Alternatives

:



APPENDIX F

Governor's Press Release

Regarding Decision to Replace the East Span of the
San Francisco-Oakland Bay Bridge
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Members of the
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Excerpt from 66Cable Supported Bridges"

=                                        by Professor Niels J. Gimsing
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Chronology of Correspondence and News Articles Involving
Abolhassan Astaneh-Asl

June  12, 1998 An article in The Express quotes Astaneh criticizing MTC's decision on
the design of the new East Spans of the Bay Bridge: "They certainly
didn't go out and look for the best design." The article describes
Astaneh's own design which was rejected.

June 20,1998 A. Astaneh letter to Mary King, Bay Bridge Design Task Force,
Chairperson (expressed concerns about the seismic safety of the proposed
new East Spans of the Bay Bridge based on review of the 30% Design
Report).

June 23,1998 Oakland Tribune article, "Bay Bridge plan heads for final OK," quotes
Astaneh's letter, 6/20/98, stating that a quake on the Hayward Fault "can
severely damage this bridge and possibly cause partial or catastrophic
failure of the main span.

. .

June 23,1998 San Mateo County Times article, "Bridge design decision crosses political
chasms," mentions that new questions of the proposed bridge's seismic
safety were raised by Astaneh.

June 23,1998 San Francisco Examiner article, "Bridge dispute erupts," quotes Astaneh's
letter, 6/20/98, stating that "There is no rationale in spending $1.5 billion
to build a bridge of this importance using a highly questionable system

',that will very likely be unstable during a major seismic event.

June 23,1998 James E. Roberts, Director, Engineering Service Center, Caltrans letter to
MTC (addressed concerns stated in A. Astaneh's letter 6/20/98).

July 8,1998 Brian Maroney, Caltrans letter to A. Astaneh (response to A. Astaneh's
letter 6/20/98; invited Astaneh to present findings/concerns to the project
seismic safety Peer Review Panel).

July 24, 1998 A. Astaneh letter to J. Roberts, Caltrans (declined invitation to speak to
Peer Review Panel).

November 1998 Metropolis magazine article, "On shaky ground", mentions that Astaneh
and UC Berkeley architecture professor Gary Black submitted a design for
the new East Spans of the Bay Bridge.

February 24, 1999 A. Astaneh letter to M. King and Members of the Bay Bridge Design Task
Force (subject: "Grave Concerns on Seismic Safety of the New East Bay
Bridge Design").



r

March 25,1999 B. Maroney letter to A. Astaneh (reiterated invitation to present
findings/concerns to the Peer Review Panel).

April 20,1999 A. Astaneh letter to Jose Medina, Director, Caltrans (outlined concerns
about the seismic safety of the proposed new East Spans of the Bay
Bridge).

May 20,1999 Harry Y. Yahata, District Director, Caltrans letter to Professor Astaneh-
Asl (detailed response to Astaneh's letter 4/20/99)

I"
,i
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Chronology of Correspondence and News Articles Involving Abolhassan Astaneh-Asl
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BAY BRIDGE DESIGN TASK FORCE
LIST OF MEETINGS  

Bay Bridge Design Task Force Bay Bridge Design Task Force
Wednesday, October 13, 1999 Monday, June 22,1998

1 p.m.
Bay Bridge Design Task Force
Wednesday, September 8, 1999 Bay Bridge Design Task Force
I p.m. Wednesday, June 10 1998

Bay Bridge Design Task Force Bay Bridge Design Task Force
Wednesday, July 14, 1999 Wednesday, April 8,1998
lp.m. 1 p.m.

Bay Bridge Design Task Force
Engineering and Design Advisory Panel Bay Bridge Design Task Force
Tuesday, July 6,1999 Engineering and Design Advisory Panel
1 p.m. Monday, March 2,1998

9 a.m.
Bay Bridge Design Task Force
Wednesday, April 14,1999 Bay Bridge Design Task Force

                                                                                      
                    Wednesday, February 11,1998

Bay Bridge Design Task Force  1 p.m.
Engineering and Design Advisory Panel

Wednesday, February 24, 1999 Wednesday, January 13,1998
Special Joint Informational Briefing Bay Bridge Design Task Force

1 p.m. 1 p.m.

Bay Bridge Design Task Force
Engineering and Design Advisory Panel

Wednesday, January  13, 1999

Bay Bridge Design Task Force
Wednesday, October 14,1998
I p.m.

Bay Bridge Design Task Force
Engineering and Design Advisory Panel

Monday, May 18,1998
9 a.m. - 3 p.m.

1 All meetings held at:
Joseph P. Bort MetroCenter Auditorium
1()1 Eighth Sti'eet
Oakland. Calil'ornia 94607



r

ROSTER
Metropolitan Transportation Commission

Bay Bridge Design Task Force

James P. Spering, Chair Jon Rubin
Solano County and Cities San Francisco Mayor's Appointee

James T. Beall Jr., Vice Chair Angelo J. Siracusa
Santa Clara County San Francisco Bay Conservation

and Development Commission
Keith Axtell
U.S. Department of Housing Doug Wilson
and Urban Development Marin County and Cities

Jane Baker Kathryn Winter
Cities of San Mateo County Napa County and Cities

Sharon J. Brown Sharon Wright
Cities of Contra Costa County Sonoma County and Cities

Mark DeSaulnier Harry Yahata
Conti'u Costa County State Business, Transportation and

Housing Agency
Dorene M. Giacopini
U.S. Department of Transportation Lawrence D. Dahms

Executive Director
Mary Griffin
San Mateo County William F. Hein

Deputy Executive Director
Elihu Harris

                             Cities of Alameda County

Tom Hsieh
City and County of San Francisco

Mary V. King
Alameda County

Jean McCown
Cities of Santa Clara County

Charlotte B. Powers
Association of Bay Area Governments

A



Box 2,  Folder 10

Item 1

ACCNO_000073




