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PROJECT OVERVIEW 

Background 

In response to the 1989 Loma Prieta earthquake, the State of California 
Department of Transportation (Caltrans) began a program to seismically 
retrofit all bridges in the state, including the damaged East Span of the San 
Francisco-Oakland Bay Bridge (SFOBB). As the plan to retrofit the East 
Span progressed, it became apparent to Caltrans that it would be more cost 
effective to replace the structure rather than to retrofit it. Caltra.ns considered 
several designs for a replacement span and in 1997 selected a "skyway" 
design as the best alternative. Based on the costs associated with the skyway 
design, Caltrans formally decided to replace rather than retrofit the east span. 
Subsequently, the Metropolitan Transportation Commission (MTC), 
representing nine Bay Area counties and acting under authority granted by 
the California legislature, decided to pay the cost of adding "amenities" to 
the replacement span. These amenities included a self-anchored suspension 
bridge design, which the MTC decided was more distinctive than the skyway 
design, and a bicycle/pedestrian path. 

The City and County of San Francisco (the City) and Caltrans have asked the 
U.S. Army Corps of Engineers (COE), as a body of independent experts, to 
evaluate key technical decisions made by Caltrans. Specifically, the purpose 
of the CO E's assessment is to examine two broad areas of concern as raised 
by the City and its outside consultants. First, the City believes that, from the 
standpoint of cost and public safety, it is preferable to retrofit the East Span 
than to replace it with the currently proposed design. Second, the City 
believes that the self-anchored suspension design that Caltrans is currently 
proposing for the replacement span is not seismically safe. To expedite the 
CO E's study of these two concerns, the Federal Highway Administration 
(FHW A), in cooperation with the U.S. Navy, facilitated the CO E's 
communication with appropriate Federal, State, local agencies and their 
consultants. The U.S. Coast Guard participated as well. 

Time Line 

As background information and to facilitate an understanding of the 
decisions made, a summary time line is presented in Figure 1 on the 
following page. These events are further described in the Chronological 
Table provided in Appendix 1. 

The City and County 
of San Francisco 
and Caltrans have 
asked the U.S. Army 
Corps of Engineers, 
as a body of 
independent experts, 
to evaluate key 
technical decisions 
made by Caltrans 
regarding the San 
Francisco-Oakland 
Bay Bridge. 

The City believes 
that, from the 
standpoint of cost 
and public safety, it 
is preferable to 
retrofit the East 
Span than to replace 
it with the currently 
proposed design. 

The City believes 
that the self­ 
anchored 
suspension design 
that Caltrans is 
currently proposing 
for the replacement 
span is not 
seismically safe. 
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Figure 1. Timeline 1996: Caltrans presents 30% design for replacement types. 

"Gray Report'' issued - Cost estimates for 10% design with 20% contingency. Report presents more the 7 alternative 
replacements. 

SB60 Senate Bill 60 introduced to fund replacement of SFOBB. 

SAB and Caltrans Peer Review Panel recommend replacement in letter to Caltrans Director. 

Decision to replace rather than retrofit. Ventry Engineering Value Analysis Study states replacement is less costly than retrofit 
and that seismic performance is better for replacement than retrofit. Fourteen alternatives considered and ranked with the top 
two alternatives being a cable stayed bridge followed by a concrete viaduct. 

1994: The Continuing Challenge - The Northridge Earthquake of 
January 17, 1994 - SAB Report to Caltrans. Changes to seismic 
design specifications and criteria. 

Caltrans begins Seismic Design Phase for the retrofit of the SFOBB. 

1990: Competing Against Time - Report 
from Governor's Board of Inquiry on the 
Loma Prieta Earthquake. 
Creation of Caltrans Seismic Advisory 
Board (SAB) - Executive Order D-86-90. 

1989: Loma 
Prieta 

Earthquake. 

1989 1990 1991 

1995: Preliminary SFOBB retrofit strategies 
presented to the SAB and the SAB raises 
issue for replacement due to predicted high 
cost of retrofit. 

30% Design Initiated for a Replacement 
Bridge. 

1997: Caltrans stops retrofit design and officially decides to go with replacement over retrofit. Governor's Action 
Request (GARO supports decision for Replacement. 

SB 60 passed. SB 60, in addition to providing a funding package for the SFOBB East Span, gave the MTC the 
authority to fund amenities such as a "signature" bridge structure and a pedestrian/ bicycle path. 

MTC forms SFOBB Task Force, EDAP, to select new replacement design. 

Four public meetings held to consider design concepts. 

MTC endorses EDAP's 17 recommendations which include two lifeline, cable-supported bridges on a northern, 
adjacent alignment and five lanes of traffic in each direction on two parallel, separated decks. 

City supports northern alignment concept. 

1992 1993 1994 1995 1996 1997 1998 1999 2000 

Caltrans 5-year sponsorship of university research of seismic retrofit design issues. 
(1990 - 1995) 1998: Formal 

recommendation of 
replacement in 
publication of draft 
EIS 

1999: Design 
continues on 
replacement 
bridge. 

2000: Design continues 
on replacement bridge. 

COE assessment on 
southern alignment impact 
on EBMUD sewer outfall. 
Significant project cost 
and schedule increases. 

City supports SFOBB 
retrofit rather than 
replacement. 

COE assessment and 
evaluation of proposed 
alternatives to retrofit / 
replace the east span of 
the SFOBB. 

O Key General Milestones 

I >:·I Key Milestones in Developing Performance Criteria Information on timeline was complied from Document 267 and from 
those documents listed in the Chronology Table in Appendix 1. 
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SCOPE OF WORK 

Per the scope of work (Appendix 2), the COE Team conducted its evaluation 
during the two-phase study. 

Phase 1, completed on July 25, 2000, included acquiring and cataloging (see 
Appendix 3 for the updated and current Data Catalog) all reports, data and 
analyses provided to the COE Team that address the City's two broad areas 
of concern. The COE team assessed the completeness and quality of that 
information and whether sufficient data was available to answer the four 
major questions in the scope of work. Also as part of the data assessment in 
Phase 1, the COE Team visited the East Span of the San Francisco-Oakland 
Bay Bridge. The visit included the Oakland Mole, Y erba Buena Island, the 
cantilever section, the failure span at E9, and the pile cap at E3. In addition, 
the COE Team viewed the bridge by boat and reviewed half scale test 
specimens for lattice members from a completed test for the Golden Gate 
Bridge. 

The results of Phase 1 are contained in the U.S. Army Corps of Engineers 
Interim Letter Report, Evaluation & Assessment of Proposed Alternatives to 
Retrofit/Replace the East Span of the San Francisco-Oakland Bay Bridge, 
dated July 25, 2000. 

Phase 2 answers the four major questions contained in the scope of work and 
presents the COE Team's findings in two letter reports: 1) Interim Final 
Report USA CE Evaluation & Assessment of Proposed Alternatives to 
Retrofit/Replace the East Span of the San Francisco-Oakland Bay Bridge 
and 2) Final Report USA CE Evaluation & Assessment of Proposed 
Alternatives to Retrofit/Replace the East Span of the San Francisco-Oakland 
Bay Bridge. 

This report is the Interim Final Letter Report and it addresses Questions 1 
and 2 of the scope of work. 

Phase 
Deliverables 

Phase 1 
Interim Letter Report - 
Data Gap Analysis 
(July 25, 2000) 

Phase 2 
Interim Final Report* 
(September 22, 2000) 

Final Report 
(October 20, 2000) 

*This document is the 
first of two deliverables 
under Phase 2. lt 
addresses Questions 1 
and 2 of the scope of 
work. 
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DATA ASSESSMENT 

The Data Catalog provided in Appendix 3 is current with over 387 
documents, some of which contain multiple volumes, and represent over 
75,000 pages of material. Most of the documents are loose-leaf three ring 
binders and cover such areas as: 

• Historical documents of the as-built structure including plans, news 
articles, and design and construction articles by the designers. 

• Test reports covering the performance of steel elements of the existing 
bridge towers and superstructure. 

• As-built analysis and retrofit design calculations. 
• Cost estimates for the retrofit contracts. 
• Value engineering studies. 
• Comparisons of the retrofit alternative to the replacement alternative 

ranging from Caltrans internal memos to the Governors Action Request 
(GAR) report. 

• Plans and specifications covering the design of the new replacement 
alternative. 

• Project Engineer/ Designer notes. 
• Seismic Safety Peer Review Panel (SSPRP) meeting minutes. 
• University Research. 

The data provided by Caltrans is voluminous. To locate information and 
clarify document content, several meetings have been held with Caltrans. 
These meetings have aided the team's effort at locating and understanding 
the data and the data gaps. The data provided by the City consists mainly of 
letters and reports authored by Professor Astaneh. The City has submitted 
neither design nor cost information. Follow up meetings have also been held 
with Professor Astaneh, who represents the City, to allow further 
clarification of the City's concerns. The COE Team has spent over 600 man­ 
hours in these meetings with Caltrans and City representatives. 

The information in the Data Catalog includes all reports, data, and analyses 
that have been provided by the City and Caltrans over the course of this 
study. This information represents the basis for the answers given by the 
COE Team in response to the questions in the scope of work. 

Data gaps were initially identified in the report titled Phase 1 Interim Letter 
Report, Evaluation & Assessment of Proposed Alternatives to 
Retrofit/Replace the East Span of the San Francisco-Oakland Bay Bridge, 
dated July 25, 2000. These Data Gaps havé been modified and/or lined out 
to account for additional data and information that has been submitted since 
the completion of Phase l. The revised Data Gap listing is as follows: 

Phase 1 of the 
project consists of a 
Data Gap 
Assessment. Phase 
2 consists of 
answering the 
questions provided 
in the scope of work. 
Through the course 
of this project, 
USACE team 
members have 
organized, reviewed, 
and cataloged over 
300 documents. 
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Significant Data Gaps 

1. Design criteria summary for the proposed retrofit alternative. Quantify 
these criteria in terms of allowable stress and strain levels, displacement 
limits, and other pertinent parameters. Significant to Questions 1, 2, 
and 3. 

Concise definition of the acceptable level of structural response 
quantities should be known for seismic performance evaluation of the as­ 
built and retrofitted bridge. Design criteria summary that outlines the 
pertinent parameters including acceptable stress and strain levels, 
displacement limits, and other factors that are essential for assessment of 
the bridge's seismic performance, was not provided in a single document. 

2. Documents outlining the decision process for data supporting costs in the 
Governor's Action Request (GAR). 8ignificant to Questions 1 and 2. 

Caltrans' recommendation for bridge replacement is summarized in the 
GAR. The GAR provides cost figures from various sources (i.e., Value 
Analysis 8tudy, Replacement 8tudy For The East 8pan of 8F0BB 
8eismic 8afety Project, and Retrofit vs. New Bridge Economic Analysis 
study). There is no outline of the criteria used by Caltrans to support their 
selection of costs that were used in the GAR. 

This information is needed to substantiate Caltrans' cost effectiveness 
position that a replacement bridge is more cost effective than retrofitting 
the existing bridge. 

3. Basic Geotechnical and Geology Data. Significant to Questions 1, 2, 
and 3. 

The information provided for the Oakland Mole contained in Document 
319, and in the other documents referred to in Document 319 is 
comprehensive and appears to be sufficiently complete. However, a 
similarly comprehensive presentation of geotechnical and geology data 
for the rest of the bridge alignment is important for foundation analysis 
of both the retrofit and the new bridge alternatives. 

Several key geotechnical design issues have been identified in the 
various documents. The information received to date does not include a 
comprehensive presentation of the resolution to the following issues: 

Soil/pile interaction loads, particularly for battered piles. 

Data gaps initially 
identified in the Phase 
1 Interim Letter 
Report, dated July 25, 
2000, that have since 
been filled due to the 
receipt of additional 
information are 
identified in this 
section using text 
strikethrough 
(example: 
strikethrough). 
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Soil structure interaction model incorporated into the global model of 
the various sections of the bridge. 

Geotechnical information (boring logs, CPT, field tests, laboratory 
tests, etc.). 

4. Seismology and Selection of Ground Motions. Significant to Questions 
I, 2, and 3. 

For the retrofit alternative, a comprehensive report on seismology and 
ground motions has not been made available to us. Only limited ground 
motion information in various design reports has been provided. 
However, this information does not provide an overall vie1,v of the 
methodology used to develop multi support ground motions for the soil 
structure interaction and the structural analysis of the bridge. 

5. Analysis and design calculation documents for portions of the bridge 
associated with Contracts 4 and 5 (Foundations E6- E16) on proposed 
retrofit. Significant to Questions 1, 2, and 3. 

Without this information it may not be possible to determine if sound 
analysis and appropriate criteria were used for the subject portions of the 
bridge. 

6. \Vorl( in progress/ most current cost data on currently proposed 
replacement 65 percent design reviev,. Significant to Question 3. 

Currently Caltrans has submitted for review a 65 percent design along 
1,vith a 3 5 percent cost estimate. To ensure accurate, realistic, and 
complete cost evaluation a 65 percent cost estimate is required. 
Significant to Question 3. 

Moderate Data Gaps 

7. Stage of design to which work each contract had progressed when the 
decision was made to go to replacement. Significant to Question 1. 

With many documents at various stages of design it is difficult to identify 
which documents are pertinent to the most current design. Without 
identifying the chronology of events, the decision making process is not 
clear. The level of design stage of each contract (i.e., conceptual, 
preliminary, final. designs) should be known to accurately evaluate the 
retrofit alternative. This information is only provided by Caltrans for 
contract 8, in Document 326. 

8. Meeting minutes, notes and/or letters of meetings for the following 
groups: 

Portions of Data 
Gap 7 were closed 
with additional 
information 
provided. However 
there was 
insufficient detail 
to close the gap 
entirely. 
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Caltrans Seismic Advisory Board (SAB) from 1990 to present. 
Caltrans Seismic Safety Peer Review Panel (SSPRP) from 1997 to 1998 
and March 2000 to present. 

Caltrans retrofit strategy meetings from 1990 to present, including design 
engineer's preparation for the meetings. 
Significant to Questions 1, 2, 3, and 4. 

This information is necessary in providing an outline of the review 
process and identifying changes in project direction recommended by 
these advisory groups. Significant to Questions 1, 2, 3, and 4. 

9. Analysis strategy using various computer models, including the 
relationship between the various global and local models for the retrofit 
alternative. Significant to Question 1. 

This information is necessary to show the relationship of local and global . 
models. Although specific sections of the bridge can be analyzed 
separately, ultimately the bridge must function as a whole. With the 
information provided it is difficult to determine whether or not the results 
of the local and global models are compatible. In addition, the 
information does not show consistency between bridge components. 

Minor Data Gaps 

10. Material test reports and/or summaries for the condition of the existing 
foundations, including concrete, steel, and timber. Significant to 
Questions 1, 2, and 3. 

Lack of this information limits the ability to assess studies of existing 
foundation information and proposed retrofit designs. Evaluation of soil 
structure interaction depends on an understanding of existing material 
properties. 

Portions of Data 
Gap 8 were closed 
with additional 
information 
provided. However 
there was 
insufficient detail 
to close the gap 
entirely. 
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DEFINITIONS 

Proposed Retrofit Alternative: The" proposed retrofit alternative" refers to 
the retrofit strategy in the "San Francisco-Oakland Bay Bridge East Span 
Seismic Safety Project Draft Environmental Impact Statement," September 
24, 1998. This alternative was to be designed to withstand a maximum 
credible earthquake (MCE) on the San Andreas or Hayward faults, but would 
not provide a lifeline connection. The retrofit strategy is to strengthen the 
foundations (piles and pile cap connections), stiff en the towers, and isolate 
and strengthen the superstructure [Document 276]. This strategy was 
modified for the cantilever spans. 

Original Replacement Alternative I Skyway: The "originally proposed 
replacement alternative" refers to the skyway design that was initially 
proposed by Caltrans and does not include the amenities of a self-anchored 
suspension structure and the bicycle/pedestrian path that were added by the 
Metropolitan Transportation Commission. The skyway design is a variable 
depth, haunched, concrete superstructure with spans between single column 
piers, and includes two parallel structures with each having five traffic lanes 
and inside and outside shoulders. Design is to be to lifeline conditions 
[Document 276]. 

Proposed Replacement Alternative I Signature Span: The "currently 
proposed replacement alternative" refers to a single-tower, self-anchored­ 
suspension, asymmetric, main span at the shipping channel near Y erba 
Buena Island with a skyway connecting to the Oakland shore. The bridge is 
to be on the N-6 alignment in the San Francisco-Oakland Bay Bridge East 
Span Seismic Safety Project Draft Environmental Impact Statement, 
September 24, 1998. The design includes two side-by-side roadway decks, 
each with five traffic lanes plus 3-meter shoulders on both sides and a 4.7- 
meter wide bicycle/pedestrian path on the south side of the eastbound deck, 
raised 1 foot above the roadway. Design is to be to lifeline conditions 
[Document 2 7 6]. 

Lifeline Condition: As stated in the project's scope of work, Appendix 2, 
"lifeline criteria" are above-average standards for bridge ( or other 
infrastructure) construction. A bridge constructed to meet lifeline criteria 
could accommodate emergency response vehicles and heavy equipment 
immediately following a maximum credible earthquake. By contrast, most 
bridges are constructed to meet a "no-collapse" criteria; these are lower 
standards that ensure against catastrophic failure or loss of life. The "lifeline 
condition" of a bridge is a measure of the degree to which the structure meets 
lifeline criteria." · 
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Lifeline Performance Criteria: Lifeline performance criteria describe the 
desired function of a structure after an earthquake. For the SFOBB, lifeline 
performance criteria provides for post-earthquake emergency relief access 
linking major population centers, emergency relief routes emergency supply 
and staging areas, and intermodal links to major distribution centers. This 
criterion provides full serviceability immediately after the maximum 
earthquake for which the structure is designed. It assumes emergency 
vehicles can pass over the bridge after only minor repair and within hours of 
the event and that limited public passage would be available within days 
[Document 267]. 

Lifeline Design Criteria: Lifeline design criteria are the specific engineering 
standards that must be met and designed into the structure to meet lifeline 
performance criteria. A review of Caltrans work shows that Caltrans hoped 
to achieve lifeline condition by limiting stresses to or below the elastic limit 
and demand-capacity ratios to unity. 
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KEY QUESTIONS 

In preparing a response to the scope of work's key questions, the COE 
Team's approach is to state the question and present a summary conclusion. 
Detailed analysis for each question are referenced and contained in the 
appendixes. 

In responding to the key questions, the COE Team has based its conclusions 
on the data submitted and documented in the Data Catalog. During the 
course of the study, discussions were held with Cal trans and City 
representatives to help the team gain a better understanding of the project 
and to assist in locating relevant information within the documents provided. 
Only written, verified documents have been used in development of the 
conclusions. The COE Team performed no new analyses. Where data can be 
corroborated and supported by a document in the Data Catalog the 
document's number is referenced in brackets. 

This study combines a short time schedule with the daunting task of 
reviewing a massive amount of documentation on both the retrofit and 
replacement projects (studies, university research, plans, specifications, etc.). 
The documents span nearly a decade since the Loma Prieta earthquake. It 
has been a challenge for the COE Team to separate and review all the 
pertinent project data. The goal has been to piece together the relevant data 
needed to give unqualified answers to the key questions. Both Caltrans and 
the City have gone to great lengths to provide the needed data to the COE 
Team, However, for the data provided, the level of completeness is only 
sufficient for the COE Team to give qualified answers . 

The questions are in and of themselves complex and difficult to answer in a 
straightforward manner. The COE Team provided the most complete answer 
possible, using the information provided. The answers are based on a holistic 
(global) perspective, encompassing the total length of the bridge. 

The following section makes reference to stages of project planning and. . 
design using acronyms; 'the following provides a key to these design stages 
as defined by Cal trans., "'. · ' · · ' ,. · "'. · · · · · · 

. -~ . !=·~~ 

. Advanced Plan~ing (AP) . 
General Plans (GP)· · · , 
Plans, Specifications, & .Estimates .(PS&Ef 

, :,-,:l,/' . «' ¥ ~< ·. 

O ~ 35% Complete 
35 - 75% ·Complete· ... ;: 
75 :- 95% Complete 

lt should be noted: 

Comments contained 
herein only reflect 
consideration of 
technical issues. 

Responses are based 
solely on information 
made available to the 
COE Team, absent of 
independent analyses. 
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Answers to Questions 

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

Conclusion: Caltrans had separated the retrofit design into eleven design 
projects. These designs were in various stages of completion from AP to 
PS&E. It is the COE Team's conclusion that Caltrans initially used a 
structured approach to evaluate alternate retrofit strategies, but as explained 
below, the selected retrofit strategy does not appear to be reasonable due to 
concerns regarding the isolation strategy, incompleteness of design, and 
definition of performance criteria. 

Isolation Strategy 

Caltrans' proposed retrofit alternative is seismic isolation of truss systems 
with the exception of the cantilever section. The suspended portion of the 
cantilever section is cut off and isolated using two new pier supports, while 
the rest of the cantilever section remains fixed to its piers but is strengthened 
by edge trusses. Ordinarily, an isolation system is considered for relatively 
rigid structures to elongate their period of vibration in order to reduce 
seismic force demands and to provide additional damping through friction or 
other means. Most spans of SFO BB are long-period structures with 
fundamental periods of vibration in the range of several seconds. 

The seismic force demands for such long-period spans in their existing 
conditions are approximately at the same level of the proposed isolated 
spans. On this basis, the use of an isolation system appears unreasonable. 
Documents submitted for review do not demonstrate why a flexible structure 
with low seismic force demands should be stiffened by concrete encasement 
and then softened back to its original condition using isolation bearings. 
Computer analyses of the isolated bridge are based on unrealistic modeling 
and input assumptions and they provide limited results. The validity and 
effectiveness of the isolation retrofit strategy has not been demonstrated. 

The following statement, from the Seismic Advisory Board's meeting 
minutes (January 3 and 4, 1991 ), supports the concerns stated above: 
"Because of the sensitivity of base-isolated structures to the longer periods of 
free-field ground motion, base isolation should be avoided at very soft sites 
such as those on San Francisco Bay fill" [Document 372]. Two letters to 
Director James van Loben Sels (December 4 and 5, 1995) also document the 
concern regarding unprecedented use of an isolation system. 

lt is the COE Team's 
conclusion that 
Caltrans initially 
used a structured 
approach to evaluate 
alternate retrofit 
strategies, but as 
explained, the 
selected retrofit 
strategy does not 
appear to be 
reasonable due to 
concerns regarding 
the isolation 
strategy, 
completeness of 
design, and 
definition of 
peñormance criteria. 

The seismic force 
demands for such 
long-period spans 
in their existing 
conditions are 
approximately at 
the same level of 
the proposed 
isolated spans. On 
this basis, the use 
of an isolation 
system appears 
unreasonable. 
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Incomplete Design 

The proposed retrofit strategy design of the entire bridge is incomplete. None 
of the 11 design projects that comprise the retrofit have a finalized, verified 
retrofit solution, particularly the cantilever truss spans and their foundations. 
Retrofit designs for the cantilever portion of the bridge including the 
superstructure and foundations, have not been completed and only 
preliminary concepts have been derived. No analyses have been provided to 
demonstrate that they are reasonable and workable. 

Criteria 

A general statement for seismic design criteria has not been defined. Criteria 
is inconsistently applied and continually modified. Criteria appear to change 
as the efforts on the cantilever portion of the bridge progressed. 

As can be expected for a bridge of this complexity, Caltrans appeared to 
struggle with design and cost issues to meet lifeline criteria. Further, they did 
not have any reasonable degree of confidence that a retrofit alternative could 
be designed to meet lifeline performance criteria. At the time that the 
decision was made to proceed with the replacement alternative, Caltrans' 
documents indicate that the retrofit design did not meet lifeline criteria and 
was being designed to meet the lesser criterion of no-collapse. 

COE Team's detailed review of the data supporting this question can be 
found in Appendix 4, Retrofit Support Documents. 

Question la: Did Caltrans adequately consider/evaluate other retrofit 
alternatives, including a West Span-type retrofit and other steel 
retrofits, and did this evaluation include consideration of realistic, 
accurate and complete cost figures? 

For informational Purposes: The West Span retrofit scheme is to directly 
strengthen the steel tower members with additional steel components (as 
verbally provided by FHWA). The West Span refers to the suspension bridge 
west of Y erba Buena Island. 

Conclusion: The COE Team has found that Caltrans considered numerous 
other retrofit alternatives as reflected in Table 1. The alternatives considered 
apply to all aspects of the retrofit including foundations, towers and 
superstructure. The alternatives were not usually evaluated to a level of being 
able to produce realistic, accurate and complete cost figures. However, to 
make prudent decisions for retrofit, this is not always necessary. Even 
though the COE Team questions the reasonableness of Cal trans' selected 

The proposed 
retrofit strategy 
design of the entire 
bridge is 
incomplete. No 
analyses have 
been provided to 
demonstrate that 
they are 
reasonable and 
workable. 

At the time that the 
decision was made 
to proceed with the 
replacement 
alternative, Caltrans' 
documents indicate 
that the retrofit 
design did not meet 
lifeline criteria and 
was being designed 
to meet the lesser 
criterion of no­ 
collapse. 

Even though the 
COE Team questions 
the reasonableness 
of Caltrans selected 
retrofit alternative, it 
does not disagree 
with the decision 
process that led to 
that selection. 
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retrofit alternative, it does 
not disagree with the 
decision process that led to 
that selection. 

Table 1 
Retrofits Considered 

Towers • Steel Strengthening 
• Hollow Concrete Encasement 
• Solid Concrete Encasement 
• Solid X-Bracing Encasement 
• Boxed Section Steel Retrofit 

Superstructure Cantilever Truss Spans 
• Cable System 
• Edge Arch System 
• Superstructure Frame 
• Substructure Frame 
• Additional Towers with Supplemental Tube 
• Additional Towers with Base Isolation and Articulated 

Superstructure 
Cantilever and 504' and 288' Truss Spans 
• External Edge Truss System 
• Retrofitted Towers and/or Additional Towers 

Foundations • Ground Improvement (Grouting) 
• Small Diameter Piles 
• Large Diameter Vertical and Battered Steel Piles with 

New Pile Cap/Load Transfer Structure Above the Water 
Surface 

• Post Tension Rock Anchors 

The pursuit of a valid 
retrofit scheme should not 
be compared to the 
preliminary design stages of 
a new bridge structure as 
this question suggests. 
Choosing several global 
schemes for the retrofit and 
taking them to a 3 0% design 
level in order to find the 
"best" solution is not the 
normal process for retrofit. 
This is more practical for a 
new structure because the 
type is not restricted by 
existing conditions. Retrofit 
alternatives, however,'are 
limited by the existing bridge. 

An accepted process in developing a valid retrofit scheme is to consider 
(brainstorm) possible options and, based on discussions of technical 
feasibility, aesthetics, and preliminary costs, bring forward the most 
promising overall scheme or strategy. Caltrans conducted an initial analysis 
to identify the seismically vulnerable items for the existing "as-built" bridge. 
Given these items, various retrofit schemes for all the components of the 
bridge were brainstormed and discussed. Schemes considered are shown in 
Table I. 

Two general retrofit strategies typically evaluated are: I) to strengthen 
elements; or 2) to divert (reduce) forces away from elements that lack 
capacity for the design load. Forces can be diverted by adding members or 
by using seismic isolation. These two retrofit strategies are generally 
considered on two levels: I) global (entire bridge, or at least by 
superstructure, frame-by-frame, type), or 2) local (individual components or 
elements). The selected retrofit includes both of these strategies. 

On the local element-by-element level, valid "alternatives" should have been 
thoroughly evaluated. The COE review team could not verify in the 
documents provided that an adequate evaluation took place at this level to 
support several key decisions regarding the strategy path taken. The critical 

The critical step of 
abandoning a more 
typical 
"strengthening" 
scheme for the 
selected scheme 
using seismic 
isolation bearings 
was not adequately 
documented. 
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step of abandoning a more typical "strengthening" scheme for the selected 
retrofit scheme (using seismic isolation bearings) was not adequately 
documented. 

Considering the West Span type retrofit, Caltrans had evaluated this retrofit 
in a comparison with the selected concrete-encasement type. The evaluation 
was done by the Contract 2 design team for the towers on Y erba Buena 
Island. The foundations for these towers are supported by rock. Therefore, 
the effect of the additional concrete dead load is not as detrimental to the 
tower foundation as it is on the foundations for the caisson and pile 
supported piers. This comparison, which led to the conclusion that the 
concrete encasement was the better solution (steel versus concrete), 
considered only the cost of the tower retrofit and not the impact to the pile 
and caisson foundations. 

As stated in the conclusion for Question 1, a final valid scheme for the 
selected retrofit alternative had not been achieved. However, the decision 
process that Caltrans had followed for this project was adequate. After 
consideration of various alternatives, what Caltrans considered to be the most 
promising retrofit scheme, was brought forward into the analysis and design 
phase. This approach makes use of the vast experience and knowledge 
available at Caltrans, by quickly considering and eliminating less plausible 
solutions, and saving the expense of investigating non-viable alternatives. 

COE Team's detailed review of the data supporting this question can be 
found in Appendix 4, Retrofit Support Documents. 

Question lb: Did Caltrans adequately consider/evaluate the ability of 
other retrofit alternatives, including a West span-type retrofit and other 
steel retrofit, to meet lifeline criteria? Which (if any) retrofit 
alternatives meet lifeline criteria? 

Conclusion: The documents provided did not demonstrate that any retrofit 
alternative met lifeline criteria. Consequently, Caltrans did not evaluate in 
detail the ability of other retrofit alternatives to meet lifeline criteria. 

COE Team's detailed review of the data supporting this question can be 
found in Appendix 4, Retrofit Support Documents. 

Caltrans did not 
evaluate in detail 
the ability of other 
retrofit alternatives 
to meet lifeline 
criteria. The 
documents 
provided did not 
demonstrate that 
any retrofit 
alternative met 
lifeline criteria. 

SFOBB Interim Final Report-Retrofit v _Final 091800 
09/21/2000 

Page 16 



I 
I 
I 
I 
I 
I 
I 
I 
li 
I 

I 

INTERIM FINAL REPORT USACE Evaluation & Assessment of Proposed Alternatives 
to Retrofit/Replace the East Span of the San Francisco-Oakland Bay Bridge 
September 19, 2000 

Question le: Did Caltrans adequately consider/evaluate the costs of 
retrofitting the span to meet lifeline criteria? 

Conclusion: The data reviewed clearly shows that Caltrans did not have a 
reliable retrofit solution. Therefore, a retrofit solution that could be classified 
as meeting lifeline performance criteria did not exist. The cost data reviewed 
by the COE Team were found to be adequate and supportable to the level of 
design completed. ln this case, that level, as stated by Caltrans, was to no­ 
collapse and not lifeline conditions [Document 267]. Analysis to 
substantiate either performance level is not evident. The COE Team found 
that Caltrans used sound judgement and estimating procedures, including the 
use of appropriate cost items, which were consistent and accurate to the level 
of design under consideration. A cost was not specifically developed for an 
alternative that would meet lifeline criteria. 

COE Team's detailed review of the data supporting this question can be 
found in Appendix 4, Retrofit Support Documents. 

Question 2: Was Caltrans' cost-benefit analysis comparing the originally 
proposed replacement alternative vs. the proposed retrofit alternative 
reasonable -- i.e., was it based on appropriate criteria and sound 
analysis, including consideration of realistic, accurate and complete cost 
figures? 

Conclusion: The COE Team found that the procedures used by Caltrans to 
form the cost-benefit analyses were reasonable, and Caltrans used sound 
judgment and estimating procedures, including the use of appropriate cost 
items. The items are consistent and accurate for the level of design under 
consideration. 

Caltrans' cost figures for the retrofit strategy include the appropriate 
elements needed to produce a reasonable budgetary tool commensurate with 
the level of design. The cost presented represent a broad range of numbers 
and values that were based on engineering and cost assumptions. The 
lifecycle costs used in the economic analyses could not be substantiated by 
the data submitted and reviewed, but did represent a reasonable range of 
costs for this type of analysis. 

Caltrans' cost figures for the originally proposed replacement alternative are 
based on appropriate criteria and sound analysis. Support documentation is 
provided in Appendix 5. 

Cost items considered in the cost-benefit or lifecycle analysis include traffic 
delays, hazardous work areas, lane closures, work conducted in traffic, lead 
base paint abatement, worker and public safety, and maintenance as well as 

Data reviewed 
clearly shows that 
Caltrans did not 
have a reliable 
retrofit solution. 
Therefore, a retrofit 
solution that could 
be classified as 
meeting lifeline 
performance criteria 
did not exist. 

The COE Team found 
that Caltrans cost­ 
benefit analysis 
procedures were 
reasonable and used 
sound judgment and 
estimating 
procedures, including 
the use of appropriate 
cost items, which 
were consistent and 
accurate to the level 
of design under 
consideration. 

Key documents 
conclude that the 
replacement 
approach is much 
more desirable from a 
lifecycle cost 
standpoint. 

The lifecycle costs 
suggest that the 
decision to select a 
replacement 
alternative may have 
been made even if the 
retrofit alternative 
construction costs 
were substantially 
less. 
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costs associated with working with steel and concrete construction over 
water. 

Document 250 is the primary lifecycle/economic analysis report while 
Documents 23 and 249 also address the lifecycle costs of the retrofit 
alternative and the originally proposed replacement alternative. Document 
250 is supported by Documents 23 and 249. These documents make the 
same conclusion, i.e. that the replacement approach is preferable based on 
lifecycle costs. 

Even though backup data is limited, the economic or lifecycle analyses 
sufficiently addresses the significant issues and costs (limited data includes 
cost items and probabilistic methods to estimate seismic damage, etc.). The 
lifecycle analyses are reasonable. The lifecycle costs as presented by 
Caltrans indicate that the decision to select a replacement alternative would 
be justified given a retrofit with substantially less construction costs. 

Question 3: How does the currently proposed replacement alternative, 
including as well any work in progress, compare to various retrofit 
alternatives in terms of a) cost and b) seismic reliability (including 
ability to meet lifeline criteria)? 

Question 3 will be addressed in the Final Letter Report to be dated October 
20, 2000. 

Question 4: Is the currently proposed replacement alternative 
seismically safe? How will the currently proposed replacement 
alternative perform in a maximum credible earthquake? Specifically, 
does the currently proposed replacement alternative meet lifeline 
criteria? To what extent and how quickly could it accommodate 
passenger vehicles? 

Question 4 will be addressed in the Final Letter Report to be dated October 
20, 2000. 

SUPPLEMENTAL QUESTIONS 

During the course of this study many questions, some of which were not 
specifically contained in the agreed to scope of work, were asked of the COE 
Team. In an effort to help all parties reach agreement and make informed 
decisions, the COE Team, within the context of its mandated scope of work, 
is compiling and addressing these questions. The COE Team's response to 
the questions will be included as an appendix item in the Final Letter Report 
to be dated October 20, 2000. 

SFOBB Interim Final Report-Retrofit v _Final 091800 
09/21/2000 

Page 18 



INTERIM FINAL REPORT USACE Evaluation & Assessment of Proposed Alternatives 
to Retrofit/Replace the East Span of the San Francisco-Oakland Bay Bridge 
September 19, 2000 

Conclusion - Questions 1 and 2 

The COE Team can summarize its review of the data concerning Questions 1 
and 2 by stating the following: 

• Documents provided did not demonstrate that any retrofit alternative 
met lifeline criteria. 

• Caltrans' proposed retrofit strategy is not reasonable due to concerns 
regarding the isolation strategy, incompleteness of design, and 
definition of performance criteria. 

• Based on safety considerations, it is the COE Team's opinion that, at 
this point in time, a replacement alternative is preferable to a retrofit 
alternative. A replacement alternative is the path that most quickly 
resolves the exposure of the public to the seismic vulnerabilities of 
the existing structure. 
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List Acronyms and Abbreviations 

AASHTO 
AISC 
AP 
ASA 
ATC 
Caltrans 
CISS 
City (the City) 
COE 
CPT 
DIC 
EDAP 

FEE 
FHWA 
GAR 
GP 
MCE 
MTC 

PS&E 
SAB 

SEE 
SFOBB 
SSI 
SSPRP 
Task Force 

TBPRP 

THA 
UCB 

American Association of State Highway & Traffic Officials 
American Institute of Steel Construction 
Advance Planning 
Assistance Secretary of the Army, Civil Works 
Applied Technology Council 
State of California Department of Transportation 
Cast-In-Steel-Shell 
City and County of San Francisco 
US Anny Corps of Engineers 
Cone Penetration Test 
Demand Capacity Ratio 
MTC Task Force Engineering and Design Advisory Panel - 
Established early 1997 
Functional Evaluation Earthquake 
Federal Highway Administration 
Governor's Action Request 
General Plans 
Maximum Credible Earthquake 
Metropolitan Transportation Commission - Regional 
transportation planning agency for the Bay Area 
Plans, Specifications, and Estimates 
Caltrans Seismic Advisory Board - Established Summer 
1990 by Governor's Executive Order D-86-90 
Safety Evaluation Earthquake 
San Francisco Oakland Bay Bridge 
Soil-Structure Interaction 
Seismic Safety Peer Review Panel - Established Spring 1997 
MTC Bay Bridge Design Task Force - Established early 
1997 
Caltrans Toll Bridge Peer Review Panel - Established 1994 
to review & guide retrofit strategies for State owned toll 
bridges 
Time-History Analysis 
University of California, Berkeley 

Proprietary Compute Software Referenced 

SHAKE 
GTSTRUDL 
GROUP 

WFRAME 
ADINA 

XSECTION 
COM624 
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Appendix 2 

13 June 2000 
Scope of Work 

for Services provided by the U.S. Army Corps of Engineers 
to Evaluate and Compare Proposed Alternatives to Retrofit and Replace 

the East Span of the San Francisco-Oakland Bay Bridge 

BACKGROUND 

In response to the 1989 Loma Prieta earthquake, the State of California Department of 
Transportation (Caltrans) began a program to seismically retrofit all bridges in the state, 
including the damaged east span of the San Francisco Oakland Bay Bridge. As its plan to retrofit 
the east span progressed, Caltrans concluded preliminarily that it would cost little more to 
replace the structure altogether. Caltrans considered several designs for a replacement span and 
in 1997 selected a "skyway" design as the best alternative. Based on the cost of that design, 
Caltrans formally decided to replace rather than retrofit the east span. Subsequently, the 
Metropolitan Transportation Commission, representing nine Bay Area counties and acting under 
authority granted it by the California legislature, decided to pay the cost of adding "amenities" to 
the replacement span. These amenities included a self-anchored suspension bridge design, which 
the Commission felt was more distinctive than the skyway design, and a bicycle/pedestrian path. 

The City and County of San Francisco (the City) and the State of California have asked the U.S. 
Army Corps of Engineers (COE), as a body of independent experts, to evaluate key technical 
decisions made by Cal trans. Specifically, the purpose of the CO E's assessment is to examine 
two broad concerns raised by the City, outside experts, including Professor Abolhassan Astaneh 
of the University of California, Berkeley, and others. First, the City believes that, from the 
standpoint of cost and public safety, it is preferable to retrofit the east span than to replace it with 
the currently proposed design. Second, the City believes that the self-anchored suspension 
design that Caltrans is currently proposing for the replacement span is not seismically safe. To 
expedite the CO E's study of these two concerns, the Federal Highway Administration (FHWA), 
in cooperation with the U.S. Navy, will facilitate the COE's communication with appropriate 
Federal, State and Local Agencies, consultants to those agencies and other outside experts. The 
U.S. Coast Guard will participate as well. 

SCOPE OF WORK 

Approach and Major Questions: The COE will evaluate technical assumptions, engineering 
analyses and cost estimates as contained in existing sources of data -- specifically reports, 
backup data, and other analyses provided by Caltrans, the City, their consultants, other Federal 
and State Agencies, and relevant outside experts. (The parties must provide 4 copies of all 
pertinent information=including information that has not yet been made public-- to the COE at 
least one week prior to "kickoff' meetings, as discussed below.) The aim is to address the two 
broad concerns identified above: whether retrofit is preferable to the currently proposed 
replacement alternative; and whether that same replacement alternative is seismically safe. 
Specifically, the COE will answer the following four major questions, to which the City, the 
State and key Federal agencies (Federal Highway Administration, Navy, Coast Guard and the 
National Economic Council) have all agreed: 
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l. Was Caltrans' selection of the proposed retrofit alternative reasonable -- i.e., was it based on 
appropriate criteria and sound analysis, including consideration of realistic, accurate and 
complete cost figures? 

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

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

c. Did Caltrans adequately consider/evaluate the costs of retrofitting the span to meet 
lifeline criteria? 

2. Was Caltrans' cost-benefit analysis comparing the originally proposed replacement 
alternative vs. the proposed retrofit alternative reasonable -- i.e., was it based on appropriate 
criteria and sound analysis, including consideration of realistic, accurate and complete cost 
figures? 

3. How does the currently proposed replacement alternative, including as well any work in 
progress, compare to various retrofit alternatives in terms of a) cost and b) seismic reliability 
(including ability to meet lifeline criteria)? 

4. Is the currently proposed replacement alternative seismically safe? How will the currently 
proposed replacement alternative perform in a maximum credible earthquake? Specifically, 
does the currently proposed replacement alternative meet lifeline criteria? To what extent 
and how quickly could it accommodate passenger vehicles? 

Assumptions: 

• The COE will rely on existing sources of information; it will not generate any new data or 
analyses. 

• If the parties to the study do not provide information or data to the COE, the COE will 
assume that it does not exist. 

• The parties providing analyses to the COE will review them for quality and accuracy. 
• Caltrans has supporting documentation for its identification of the currently proposed 

replacement alternative as the preferred alternative. Experts and others who share the City's 
concerns have supporting documentation for their concerns. 

• If any party withholds critical data or documentation, the Federal Government may cease 
further activity related to this scope of work. 
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Definitions: 

I • The "originally proposed replacement alternative" refers to the skyway design that Caltrans 
initially proposed; it does not include the amenities (the self-anchored suspension structure 
and the bicycle/pedestrian path) that were subsequently added. 

• The "currently proposed replacement alternative" refers to the N-6 alignment in the "San 
Francisco-Oakland Bay Bridge East Span Seismic Safety Project Draft Environmental 
Impact Statement," September 24, 1998. It includes the self-anchored suspension structure 
and pedestrian/bicycle path. 

• The "proposed retrofit alternative" refers to the retrofit approach described in the "San 
Francisco-Oakland Bay Bridge East Span Seismic Safety Project Draft Environmental 
Impact Statement," September 24, 1998. 

• "Lifeline criteria" are above-average standards for bridge (or other infrastructure) 
construction. A bridge constructed to meet lifeline criteria could accommodate emergency 
response vehicles and heavy equipment immediately following a maximum credible 
earthquake. By contrast, most bridges are constructed to meet "no-collapse" criteria; these 
are lower standards that ensure against catastrophic failure or loss of life. (For more detail on 
lifeline criteria, see the "San Francisco-Oakland Bay Bridge East Span Seismic Safety 
Project Draft Environmental Impact Statement," September 24, 1998.) The "lifeline 
condition" of a bridge is a measure of the degree to which the structure meets lifeline criteria. 

TASKS AND SCHEDULE: PHASE ONE 

} 

The COE will conduct its evaluation in two distinct phases. During Phase One, which is 
scheduled to take four weeks, the COE will a) receive from the parties all reports, data and 
analyses that pertain to the four major questions, and b) assess the completeness and quality of 
that information. At the conclusion of Phase One, the COE will meet with the parties to review 
this information and identify any significant gaps in the information needed to answer the major 
questions. If such gaps exist, the Corps may decide not to proceed to Phase Two. If the 
available information is adequate to answer the major questions, the COE will begin Phase Two. 

Task I. Hold Kickoff Meetings (Week 1) 

The COE will begin Phase One one week after a Memorandum of Agreement has been signed. 
It will hold two meetings in the first week to receive briefings from, and ask questions of, the 
parties. The first meeting will feature the City and its experts. The second meeting will feature 
the State and its experts. Both meetings will include FHWA, Navy, Coast Guard and other 
relevant Federal agencies. 

In advance of these meetings, the COE will receive specific reports, backup data, and analyses 
from the parties. Parties must provide at least 4 sets (original and 3 copies) of this and any other 
material (including pertinent information that has not yet been made public) to the COE at least 
one week prior to the meeting. Each party also will provide the COE with information on a 
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primary point of contact and an alternative point of contact, including name, telephone number, 
mailing address and e-mail address. FHWA, in cooperation with the Navy, will schedule these 
meetings and in other ways facilitate the study. 

Task II. Assess Data {Week 2) 

The COE will catalog the reports, data, analyses and design review processes that the parties 
provide. This data catalog will include the CO E's initial assessment of the quality and 
completeness of the data for answering the major questions. Each member of the COE team will 
catalog the data within his or her area of technical expertise 

Task III. Identify Data Gaps {Week 3) 

Using this data catalog, the COE will determine whether or not sufficient data is available to 
address the major questions. The COE will document any data deficiencies and contact the 
relevant parties to determine whether additional data is available. 

Task IV. Determine Significance of Data Gaps (Week 3) 

The COE will assess how significant the remaining data gaps are to its ability to answer the 
major questions. Each data gap will be rated as having a low, moderate, or high degree of 
significance. 

Task V. Prepare Interim Letter Reports (Week 4) 

The COE will prepare an interim letter report summarizing the availability and quality of data for 
each of the two broad concerns addressed by its evaluation: retrofit vs. the proposed replacement 
alternatives, and the seismic safety of the currently proposed replacement alternative. In 
addition, the letter reports will indicate whether sufficient data is available to answer the four 
major questions and recommend whether to undertake Phase Two. One day in advance of the 
meeting to conclude Phase One (see Task VI), the COE will provide copies of these interim 
letter reports to the City, Caltrans and key Federal agencies. 

Task VI. Hold Review Meeting to Conclude Phase One {last day of Week 4) 

At the end of Phase One, the COE will meet with the City, Cal trans and key Federal agencies to 
brief them on the status of its work and the significance of any data gaps. If the data gaps are not 
significant, the parties will adjust and/or finalize the scope of work for Phase Two. If the data 
gaps are significant, the COE may recommend that it terminate the study. 

C:\Data\.lerry\Appendix\scopeFINAL3 _ I 3Jun.doc 4 



I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

Appendix 2 

TASKS AND SCHEDULE: PHASE TWO 

During Phase Two, the COE will review the information it has collected so as to answer the four 
major questions. As part of that process (and to the extent necessary to answer the four major 
questions), the COE will evaluate key design alternatives -- the originally proposed replacement 
alternative, the currently proposed replacement, and various retrofit alternatives (including the 
one proposed by Caltrans and another championed by Professor Astaneh). The criteria for 
evaluating these alternatives, as reflected in the major questions, include cost-effectiveness, 
seismic safety, and lifeline condition. 

Task VII. Evaluate Alternatives 

To determine whether the data/analyses support key conclusions by Caltrans and the City, the 
COE will look at the relevant alternatives in terms of three major criteria: 

Cost-effectiveness reflects life-cycle costs associated with the construction, maintenance, and 
operation of the relevant alternative. These include initial construction costs, costs to maintain 
traffic during construction, construction-related accidents, traffic delay, on-going maintenance 
and operations costs (including inspection, painting, replacement and servicing of structural 
elements, and resurfacing), and the time value of money. 

Seismic safety refers to the performance and reliability of the relevant alternative during mild, 
moderate and maximum credible earthquakes. This measure takes into account the exposure of 
bridge users (drivers, passengers, maintenance crews, etc.) to risk, the extent of damage, the 
costs of having the bridge closed following a seismic event, costs ofrepair, and loss of life or 
injury to motorists. 

Lifeline condition reflects the degree to which the relevant alternative meets lifeline criteria. 
This criterion takes into account whether, immediately following a maximum credible 
earthquake and during the post-earthquake recovery, the structure could accommodate 
emergency vehicles, heavy equipment, and other vehicles transporting critical supplies. 

Task VIII. Answer Four Key Questions 

Based on its evaluation of key design alternatives in terms of the major criteria, the COE will 
answer the four major questions identified on page two. 

Task IX. Identify Remaining Concerns 

The COE will identify which, if any, of the four major questions cannot be answered because of 
insufficient information. 

Task X. Prepare Final Letter Reports {Week 12) 
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The COE will prepare two final letter reports: The first, due week 12, will summarize the 
evidence comparing the retrofit alternative with the originally proposed replacement alternative 
in terms of cost-effectiveness, seismic safety, and lifeline condition; and with the currently 
proposed replacement alternative in terms of cost-effectiveness. The second letter report, due 
week I 6, will summarize the evidence on the seismic safety/reliability of the currently proposed 
replacement alternative. The letter reports will state whether the major questions are adequately 
answered. If any questions are not answered, the letter reports will explain why and identify 
what actions are needed to answer the questions. One day prior to the final assessment meeting, 
the COE will provide copies of its final letter reports to the City, Caltrans and key Federal 
agencies. 

Task Xl. Hold Final Assessment Meeting (last day of Weeks 12 and 16) 

The COE will meet with the City, Caltrans and key Federal agencies to brief them on the final 
results of its study, as reflected in the final letter reports. The COE will present the results of its 
"retrofit study" on the last day of week 12, and the results of the "replacement study" on the last 
day of week 16. The COE anticipates that this meeting will conclude its involvement in the 
study. 
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Appendix 4. Retrofit Support Documents 

Executive Summary for the Proposed Retrofit Alternative 

This appendix discusses the proposed retrofit for the East Span of the SFO BB. The 
retrofit was divided into 11 separate contracts that included various portions of the 
proposed retrofit. Seismic and geotechnical considerations as they pertain to all contracts 
are discussed, followed by independent evaluation of each contract. For each contract, 
geotechnical and seismic issues and analysis and criteria are described and evaluated. 
Conclusions drawn for individual contracts do not necessarily reflect conclusions for the 
entire retrofit. Comments in this summary are based on evaluation of the entire retrofit 
proposed. 

Although various alternatives had been considered, only a conceptual design had been 
completed for the cantilever portion. With exception of the cantilever portion of the 
bridge, the proposed retrofit alternative was based on an isolation strategy. Foundations 
and towers were to be strengthened and stiffened, isolation bearings were to replace 
existing bearings and the superstructure was to be strengthened at various locations. The 
cantilever portion of the bridge was to be modified by reinforcing the pier foundations, 
modifying the towers, adding two new towers, and separating the trusses into three spans. 

A consistent and formal definition of performance and design criteria that pertains to the 
bridge as a whole has not been identified. It appears that the initial goal was to provide 
lifeline conditions, and ensure elastic behavior; however, this criterion was not clearly 
defined for all portions of the structure, and criterion is not consistent for all portions of 
the structure. The design criteria for the cantilever portion of the bridge were apparently 
relaxed and a no-collapse or no-drop criteria was considered. Analysis to substantiate the 
performance level was not complete. 

Adequate and appropriate subsurface and physical property investigations were carried 
out to determine the soil properties. Appropriate procedures were employed to develop 
five ground motions for the site, and the maximum earthquake magnitudes and rock 
ground motions are appropriate. However, kinematic interaction of the foundations and 
soil for retrofitted foundations was not considered, and the effects of possible differential 
permanent displacements that could occur between the adjacent piers for a situation 
where one support is founded on rock (Pier E 1) and another on soil (Pier E2) were not 
considered. 

Analysis and design calculations are included in various documents, most of which are 
incomplete and unorganized, with few narratives, plots, figures, or tables describing the 
actual procedures or results. The documentation does not provide a clear statement on 
specific requirements regarding the type and sequence of analysis, or how the various 
analyses are inter-related. Several types of models of varying complexity were generated, 
but it is not explained how results of these various analyses were coordinated in 
determining retrofit strategies (Data Gap 9). For certain contracts (Contracts 4 and 5 and 
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9), there is very little evidence of time history analyses, and summaries of the meaning of 
results are not available. Verification of various models was not fully determined (Data 
Gap 5). 

It is evident that a considerable effort was given to development and utilization of a 
global model of the full structure employing ADINA. There is, however, no detailed 
description of the model or discussion of results. Furthermore, there are questions 
regarding validity of the analyses that were carried out. In various analyses, it was 
reported that the structure damping was increased from 5% damping to 10% damping, 
apparently to reduce the isolator displacement demand. The level of damping used in the 
analysis was never justified and is inappropriate for a nonlinear dynamic analysis. In 
analyses that include isolation bearings (i.e. retrofitted structure) it is apparent that the 
properties of the retrofitted cantilever structure were not included. 

Various other retrofit alternatives were considered on a local basis for given contracts. 
There were no other global retrofit alternatives that were considered with any level of 
detail. 

Conclusion Statement 

• The validity of a base isolation strategy has not been demonstrated and is 
questionable. 

• The basis for a demand capacity ratio (D/C) limit of one to satisfy lifeline 
performance criteria has not been demonstrated and is questionable. 

• Analyses were not adjusted to reflect the proposed retrofit concepts for final 
design efforts. 

• The retrofit design was not developed to a level that substantiates the validity 
of the retrofit strategy. 

Given the items noted above, the seismic reliability and reasonableness of the retrofit 
cannot be assumed. This conclusion does not imply recommendation of either retrofit or 
replacement. Rather, it is not clear that the decision to replace was based on a 
substantially completed engineering effort. 

l. Introduction 

This appendix describes the proposed retrofit alternative. lt is organized first to cover 
those factors relating to the East Span retrofit as a whole, followed by a summary of the 
retrofit contracts and evaluation of each contract. 

Considering the East Span as a whole, the current retrofit strategy considered relies 
heavily on one item- isolation of the superstructure. This concept resulted in 
modification of a long period structure that resulted in a structure with similar period. 
The concept, therefore, does not appear to improve the overall performance, and analyses 
were not conducted to substantiate the viability of this chosen retrofit alternative. 

2 
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I Criteria 

The SFOBB has been designated as a lifeline route on the State Highway System. As 
such, it has been deemed critical that the bridge remain open immediately following a 
major earthquake for emergency response/life saving activity use. This project has been 
subject to a two-part performance criteria as described in the following paragraphs. 

A formal definition of lifeline and associated performance and design criteria that 
pertains to the bridge as a whole has not been identified. It is evident, however, that 
various qualitative and quantitative criteria were established. In a letter from James 
Gates, Chief, Office of Earthquake Engineering (1993), requirements for a functional 
evaluation earthquake (FEE) and a safety evaluation earthquake (SEE) are specified (a 
similar, somewhat refined version, is provided in the 1997 GAR, [Document 329]). For 
important bridges including the SFOBB, immediate service level with minimal damage 
following the FEE event is required. Terminology such as "minimal damage" is 
ambiguous and requires further definition to define design requirements. In a 
performance criteria statement from January 21, 1997, the following is stated [Document 
354]: 

I 

• The original performance goal was to provide full serviceability immediately 
following the SEE, (the maximum earthquake that the retrofit bridge is 
designed for). This goal was in accordance with the recommendation from the 
Governor's Inquiry Board following the 1989 Loma Prieta Earthquake. 

• However, a series of analyses for varying strategies (apparently related to the 
cantilever span) and cost-benefit studies caused Caltrans managernení to 
retreat from this idealistic goal. 

• The current goals will allow access to emergency vehicles within hours of the 
event; limited public access within one month; 3 lanes of public traffic each 
direction after 6 months; and full traffic after one year. (This criteria is not 
substantiated by quantifiable criteria.) 

• The goal is designed to be consistent with expected damage on both sides of 
the bay in a SEE event, and the limited need for public traffic to cross the 
bridge under those circumstances. 

On this basis, Caltrans' engineers developed the following qualitative criteria: 

• deck system and supports must remain elastic 
• damage of service load carrying members limited to minor yielding 
• minor buckling of service load carrying members allowed if capacity not 

reduced 
• local buckling of wind bracing allowed 
• permanent deflections must be less than a few inches 
• expansion joints and seats will be designed for 1.25 times the maximum 

calculated displacement 
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• damage to foundations, piles, and all portions of structure below water is not 
allowed. 

These criteria are somewhat vague, and a summary of how these criteria were met with 
the given retrofit is not provided in any of the documents. This statement did provide a 
direction during the early parts of the studies (mid-year 1995). 

Criteria regarding structure response to the ground motion were not clearly defined for all 
portions of the structure, and consistent criteria were not utilized for all portions of the 
structure. A 1994 ( Cal trans) letter provided preliminary guidelines on determining 
capacity of various steel and concrete members and specified a limiting DIC of 1.2. These 
criteria were provided as a guide to develop a preliminary cost estimate. Later documents 
pertaining to superstructure and tower retrofit show that this limit was taken as 1.0. This 
was consistent with the original lifeline performance goal and was followed for most of 
the bridge excluding the cantilever portion. The relaxation of the criteria from the lifeline 
criteria is apparently a result of the studies for the cantilever section. Similar specific 
performance criteria were never developed for foundations. 

It is evident that the goal of retrofit was to provide a structure that would remain elastic 
under the SEE. The criteria, however, is not consistent, may be over-conservative, and 
were not fully developed for foundations. Elastic DIC was used for the 288' and 504' 
spans and these elastic criteria were apparently abandoned for the cantilever portion of 
the bridge. A no-drop strategy was specified and specification criteria were not 
developed. It appears that Caltrans relaxed the elastic requirement to a realistic goal for 
the cantilever spans as alternatives were identified and analyzed. Regarding the 
requirements to remain elastic, it is arguable as to whether such conservative limitations 
(DIC < 1.0) are necessary to satisfy the lifeline or service level requirements. Studies to 
pursue structural behavior with allowance of DIC greater than 1.0 were not conducted. 
For foundations, specific performance criteria in terms of acceptable DIC ratios were not 
developed. Designers were given the latitude to develop retrofit strategies that would 
accomplish the overall lifeline performance objective. 

2. Seismic Evaluation 

2.A. Description 
The SEE ground motions for the existing and retrofitted East Span were developed 
deterministically for two maximum credible earthquake events on the Hayward and San 
Andreas faults. The maximum magnitudes for these events were based on a Geomatrix 
Consultants study of seismic hazard for the Northern California bridges and the 1992 
study by Bolt and Gregor for the East ~pan. The 84th percentile ground motions were 
developed for each event. According to the Geomatrix probabilistic hazard assessment of 
ground motions for the Northern California bridges, the 84th percentile level of ground 
motion is between 1000- and 2000-year return period equal hazard spectra. The estimated 
peak bedrock ground accelerations for these events ranged from 0.55 g to 0.65 g 
[Documents 72, 96,189,325,363,375]. 
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I 
2.B. Earthquake Ground Motion Criteria 
The safety evaluation earthquakes adopted for the East Span of Bay Bridge were two 
maximum credible earthquake events on the Hayward and San Andreas faults. A moment 
magnitude of M; =7.3 was assigned to the Hayward fault located 8 km from Pier E23 
and a M, = 8 to the San Andreas Fault located 19 km from Pier YB 1. The ground 
motions were characterized in terms of two response spectra at Pier E23 for the Hayward 
event and at Pier YB3 for the San Andreas event. These response spectra were developed 
for the g4th percentile level of ground motions using a composite of the most recent 
attenuation relationships. The average horizontal response-spectra obtained in this 
manner were adjusted to obtain fault-normal and fault parallel components. The rock 
motion acceleration time histories for each event were developed to match the respective 
response spectra and then were computed at each pier location by applying the spatial 
variation effects. 

2.C. Rock Motions 
Rock motion target response spectra were developed at Pier E23 for the Hayward event 
and at Pier YB 1 for the San Andreas event using a composite attenuation relationship at 
the direction of the Peer Review Panel. Two sets of three-component acceleration time 
histories were developed for the Hayward event. The first set developed using the 1993 
procedures was conservatively not attenuated along the length of the bridge and was 
judged deficient in the long period energy. Leaming from the 1994 Northridge 
earthquake, the second set was developed to include sufficient amount of long-period 
energy and the recommended composite attenuation relationship. These modifications 
increased the target response spectra by 12% at periods greater than 1 second. The initial 
time histories used as a seed for the Hayward event were the Corralitos recording from 
the 1989 Loma Prieta earthquake. The initial seed records were then modified to be 
compatible with the target spectra. 

Three sets of three-component acceleration time histories were developed for the San 
Andreas event. Again, the first set developed using the 1993 procedures was 
conservatively not attenuated along the length of the bridge and was deficient in the long 
period energy. The second and third sets developed after the 1994 Northridge earthquake 
were modified to include sufficient amount of long-period energy and the recommended 
composite attenuation relationship. The long-period energy was increased up to a period 
of 3 seconds for the second set and up to a period of 1 O seconds for the third set. Since 
there are no recordings at close distances from a magnitude 8 strike-slip event, numerical 
simulation procedures were used to generate initial seed motions for the San Andreas 
event. The initial seed motions were then modified to be compatible with the respective 
target response spectra. 

The response-spectrum-compatible time-histories at Pier E23 for the Hayward event and 
at Pier YB 1 for the San Andreas event were further modified using the spatial variation 
effects to generate rock motion time histories at the location of each pier. For each event, 
the resulting multi-support sets of time histories are similar in waveforms and frequency 
contents and only differ with respect to long-period energy and attenuation along the 
length of the bridge. 
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2.D. Site Response Effects 
The rock motions discussed above were further modified by propagating through soil 
columns to obtain site-specific ground motions at appropriate foundation levels for the 
structural analysis. Three-component free-field acceleration and displacement time 
histories were generated at Piers El to E23 and YBl to YB4 using the program SHAKE. 
The soil .properties were based on 1 O borings and were interpreted for piers between the 
test borings. For E6 to E23, the ground motions for pile foundations were developed at 
the bottom of pile caps. Where the pile caps were located in the Bay Mud, the ground 
motions were generated at a depth just beneath the Bay Mud. The ground motions for 
spread footings at YB2 to YB4 were generated at the bottom of the footing. The motions 
at caisson piers E3 to ES were generated at dense sand directly underlying the Bay Mud. 
The ground motions at pier YB 1 were computed at a depth of 23 feet from the ground 
surface. The resulting acceleration time histories were then used to develop acceleration 
and displacement response spectra at these locations for the response-spectrum analysis 
of various segments of the bridge. 

lt should be noted that the foundation ground motions developed in this manner do not 
account for the kinematic interaction effects of the pile foundation. The kinematic 
interaction analysis was conducted only for existing caissons beneath the cantilever 
section as discussed below. The kinematic interaction analysis was also not performed for 
the retrofit pile foundations, which are substantially larger than the exiting timber piles. 

2.E. Soil Structure Interaction 
The first step of the soil structure interaction analysis consisted of the performance of 
seismic soil response analysis for the soil profile specific to each pier location, in the 
absence of the foundation structure, i.e. it constituted an analysis of the free field 
conditions. Our review of these analyses indicated that they were performed using 
reasonable assumptions and a commonly used computer program (SHAKE). Specifically 
the shear wave velocity profile assumed at each location was consistent with field­ 
measured values, which are reasonable for the soil types present at each pier. The 
earthquake records used in the analysis were consistent with the bedrock motions selected 
for the SFO BB project and were appropriately input at the bedrock level. 

For piers E2 through ES, which are supported on caissons, an analysis of the seismic 
interaction of the caisson with the adjacent soils was performed. A stick model was used 
for the caisson, connected to the adjacent soils by means of a series of both horizontal 
and vertical springs (referred to asp-y and t-z respectively). The vertical and horizontal 
ground motions computed from SHAKE were then applied to the end of the 
corresponding springs opposite the caisson at various elevations. The movements 
obtained for the top of the caissons were then used as input to the bridge piers with 
springs representing the caisson foundation. The springs were uncoupled ( e.g. coupling 
between horizontal and rocking modes was not considered). The analyses indicated 
overstressing of the caissons and thus a discussion was presented on alternatives for 
strengthening the caisson foundations. However, an actual design for retrofitting the 
caissons was not included in the information available to us. 
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For piers E6 through E23, which are pile supported, we found no information as to 
whether a seismic soil-structure interaction (SSI) analysis was performed. It appears that 
the seismic input to the superstructure was chosen as the SHAKE output at the base of the 
pile cap elevation. Thus the potential change in the seismic motion caused by the 
presence of the piles was ignored. While this assumption would be reasonable if only the 
existing timber piles were present, it is not apparent that the presence of the much stiffer 
60-in. diameter piles included in the retrofit can be ignored. 

There was no information available to us that indicated an analysis was performed of the 
stresses in the piles due to the ground movements computed from SHAKE, often referred 
to as kinematic effect. In our opinion, these effects may be significant for the 60 in 
diameter piles and for any batter piles. 

Permanent ground movements. The potential for permanent ground movements 
associated with accumulation of seismically induced strains in the soils surrounding 
and/or beneath the caissons and the pile foundations was not specifically addressed in the 
documents made available to us. Note that if such movements were to occur they may be 
additive to the tectonic differential movements that occur between piers. In response to 
this issue, the Caltrans seismic advisory board offered an estimate of less than 1 cm 
differential permanent bedrock movement between two adjacent piers. Although this 
estimate is appropriate for supports founded on rock, it may not be suitable for a situation 
where one support is founded on rock (Pier El) and another on soil (Pier E2). 

2.F. Appropriate Criteria 
The Caltrans criteria for the maximum earthquake magnitudes and rock ground motions 
are appropriate. The criteria follow standard procedures that were available at that time 
and were later modified to account for the long-period energy observed in the 1994 
Northridge earthquake. However, the effects of possible differential permanent 
displacements that could occur between the adjacent piers were not considered. 

3. Geological and Geotechnical Site Investigations 

3.A. Description 
Subsurface investigation and field and laboratory testing was performed to provide data 
for evaluation of retrofit schemes and design. The historic data (prior to Loma Prieta) was 
supplemented by investigations in 1994 through 1996. Downhole geophysical 
measurements were made to establish and/or confirm the seismic soil properties. 
Additional and more extensive investigations were performed starting in 1998 for the 
replacement structure, but these were not available during the retrofit study. 

Except for the portion of the bridge on Y erba Buena Island, the generalized subsurface 
profile consists of the following stratigrafie sequence: Young Bay Mud underlain in 
succession by the Merritt/Posey/San Antonio Formation, the Yerba Buena (Old Bay) 
Mud, the Upper and Lower Alameda Formation, and lastly the Franciscan Complex 
(bedrock). Bedrock slopes steeply from the east side of Y erba Buena Island to 
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approximately elevation -300 ft and then slopes gently down to the east to approximately 
elevation -440 ft. in the vicinity of the Oakland touchdown. Y erba Buena foundation 
conditions consist of alluvial deposits over the Franciscan Formation or just the 
Franciscan. 

3.B. Geotechnical Considerations [Documents 27,267, and 363] 
Sufficient subsurface exploration, insitu testing and laboratory testing exists to 
adequately characterize foundation conditions along the SFOBB alignment. The 
subsurface and physical property investigation appears adequate to support a retrofit 
design, including new larger and longer piles and seismic characteristics. 

3.C. Condition of Existing Foundations 
Only the condition of the exposed portions of the foundations was apparently checked 
following the Loma Prieta earthquake. No documentation of the condition of the buried 
foundations, in particular the timber piles, was found in the documents. Research and 
load tests of old timber piles was planned but was abandoned due to deterioration of the 
wood outside of its saturated environment [Document 2]. Caltrans notes speculate that 
some battered timber piles may have been damaged during the Loma Prieta earthquake 
[Document 3 73]. 

The assumption of minimal or insignificant deterioration of the timber after 65+ years is 
not unreasonable based on experience in Bay Area and previous timber pile research. 
Whether physical damage to the piles has occurred as a result of excess lateral loads is 
unknown. Caltrans apparently assumed no damage. This is a potentially significant data 
gap in the retrofit scheme since the intent was to add new Cast-In-Steel-Shell (CISS) 
piles to supplement the capacity of the timber piles. The net effect of confirmed or 
assumed damage to the timber would likely be to increase the cost of the retrofit. 

4. Global Model 

4.A. Description 
Documentation of the ADINA global baseline model is incomplete and vague 
[Documents 72, 325]. It includes a computer-generated plot of the model, a few 
presentation viewgraphs, and some notes, but no description of the assumptions and 
discussion of the results. The notes indicate four global models, which are a fixed base 
model, a rocking model, a spherical isolator model, and a cylindrical isolator model. The 
isolators are friction pendulum bearings with a period of 5 seconds and friction 
coefficient of 6%. The purposes of the various global models and their relationship to 
local models were not defined. This was identified as Data Gap No. 9 in our Phase 1 
report. From the limited output data it appears that the global model was intended to 
provide an estimate of the maximum displacements and the maximum loads exerted on 
the footings to assess the base isolation retrofit scheme. Apparently, displacement 
histories from the global model were used as the input for a more detailed analysis of the 
504' truss system. 
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I The superstructure, in the global model, was represented using frame elements with 
lumped masses. The properties of the frame members and masses were derived from 
separate GTSTRDL models developed for 288', 504', and cantilever truss spans. The 
lumped properties of the superstructure included axial and bending stiffness, and total 
mass of the truss. The mass of the truss was located at superstructures center of gravity. 

The effects of pile foundation were represented by uncoupled translational and rotational 
springs included at the base of towers. The tower was fixed in the vertical direction, thus 
no vertical and torsional foundation springs were included. Mass of tremie, pedestal, and 
enclosed water was represented as a point mass at the center of gravity. Tremie and 
pedestal were considered rigid due to expected retrofit. 

It appears that contact surfaces were included at the tower-foundation interface for towers 
YB2-YB4 and E2-E16 to model rocking response. Expansion joints at towers YB3, E4, 
E 11, and E 1 7-E23 were modeled using gap elements. Elements to represent friction 
pendulum bearings were included at Piers E4 to E23, but the adequacy of these elements 
in capturing the actual behavior of the bearings was not discussed. 

4.B. EQ loading and Application 
Earthquake loading consisted of multi-support displacement histories. The input 
displacement histories were obtained from the SSI analysis. Such a SSI analysis was not 
referenced, but we assume it is referring to the kinematic interaction analyses conducted 
for the caissons (Document 325]. We did not find any kinematic interaction analysis for 
the timber piles, which implies that input at Piers E6 to E23 were free-field displacement 
histories from the SHAKE analyses. 

4.C. Sound Analysis 
Nonlinear time-history analysis using multi-support excitation was performed for the 
global model. Initially a Rayleigh damping of 5% with an 8-second isolator having a 
friction coefficient of 6% was used, which resulted in a maximum isolator displacement 
of 60 in. at Pier ES. In a subsequent analysis a 5-second isolator having a friction 
coefficient of 6% with a 10% Rayleigh damping was employed, resulting in a reduced 
maximum displacement of 40 inches at Pier E4 (Document 325]. At 5% damping, the 
computed maximum transverse displacement (60 in.) exceeds the isolator displacement 
capacity of 44 inches, while at 10% damping, the maximum displacement drops below 
the isolator capacity. A nonlinear dynamic analysis, which explicitly models the isolators 
and gaps, does not justify increasing the elastic structural damping from 5% to 10%. The 
energy dissipation due to sliding of isolators and opening and closing of the gaps has 
already been accounted for through their nonlinear force-displacement relationship, and 
that the foundation damping effects were considered separately in development of the 
seismic input using SHAKE and SSI analyses. 

The results of analysis are limited to tables of maximum displacements for 
superstructures, isolators, towers, soil springs, gaps, and footing reactions [Document 
325]. No plots of displacement and force histories were provided to examine the results. 
The isolator permanent displacements, possible steel yielding, and the demand-capacity 
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ratios of pile foundations were not determined. The computed force-displacement 
relationships for the isolators were not provided to check the accuracy of the ADINA 
modeling procedures. 

In summary, the validity of the global baseline model and its results could not be 
determined. The foundation springs and the seismic input used in the model are those 
developed for the existing timber pile foundation and not for the retrofitted pile 
foundation. At a reasonable level of 5% damping, the maximum displacement demand of 
5 ft exceeds the isolator displacement capacity of 44 in. It appears the isolator retrofit 
would work only if a damping value of 10% can be justified. Possible permanent 
displacements of isolators were not determined. 

5. Base Isolation Considerations 

S.A. Description 
Seismic isolation bearings were proposed and incorporated into the retrofit scheme in 
response to concerns with the superstructure steel truss elements. The intent was to 
reduce relative horizontal displacements between each comer of a truss span thus 
relieving stresses caused by warping of the truss as well as reducing inertial forces of the 
truss mass [Documents 59, 72, 98, 146, 168]. 

Seismic isolation bearings were to be located at the top of each column (leg of tower) at 
all piers with the exception of the original support points of the cantilever structure, E 1, 
E2, E3, and E4. The final retrofit concept that was being considered prior to termination 
of the retrofit project was to add two new piers, E2A and E2B, between E2 and E3. These 
new piers would support the joints attaching the drop-in truss segment between the two 
cantilever sections. The retrofit scheme is to separate the two superstructure types with 
the end of the cantilever sections fixed to the new pier and the drop-in section supported 
by isolation bearings. 

5.B. Sound Analysis 
The computer program ADINA was used for the overall global modeling of the SFOBB. 
This program has the capability of evaluating nonlinear (such as bearing stiffness and 
friction) and one directional effect (such as expansion joint gaps) under a dynamic time 
history. Typically in such an analysis, a global damping of 5% is used for the elastic 
range of behavior, and damping due to the nonlinear behavior is accounted for by explicit 
modeling of the nonlinear mechanisms. 

Caltrans increased damping for the global ADINA model from 5% to 10% [Document 
325]. This increase of damping reduced displacements across the bearings from about 60 
inches to about 40 inches. The bearings are designed for a maximum displacement of 44 
inches [Document 146] and, therefore, it is assumed the isolation design is based on the 
10% damped model. The justification to increase the damping is apparently based on 
using a higher global damping that is attributed to soil yielding, sliding of bearings 
(friction pendulum type), concrete cracking, and steel yielding [Document 72]. This is 
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inconsistent with the expected linear-elastic performance of the structural members and 
other considerations discussed below. 

As stated in the "Description" above, the isolation strategy was to reduce stresses in the 
superstructure spans, caused by warping of the truss geometry and due to the inertial 
forces of the truss mass. As such the superstructure elements, towers and foundations, 
were designed to remain within the elastic range and should not be analyzed for greater 
than 5% damping. 

The bearings were intricately modeled using the friction and restoring characteristics of 
the bearings. The isolator damping, whatever its value, was therefore directly accounted 
for in the nonlinear ADINA model. No additional damping based on isolator bearings can 
be justified. 

Damping generated by soil deformations also seems to have been accounted for in the 
SHAKE and kinematic interaction analyses that generated seismic input motion and 
foundation springs for the ADINA model. The SHAKE analyses employed strain­ 
dependent damping curves to produce free-field motions. Kinematic interaction analyses 
were based on nonlinear p-y and t-z springs to account for the nonlinear soil behavior. 
Therefore, no further damping for the soil-pile foundation is warranted. 

In conclusion, an increase in damping above the typically accepted global application of 
5% is not prudent for the retrofitted structure designed to respond elastically. An increase 
of damping based on inclusion of isolation bearings for the soil structure interaction 
effects has not been adequately justified in the documents provided. 

5.C. Seismic Reliability - Lifeline Criteria or No Collapse: 
The use of seismic isolation bearings is an attempt to increase the overall reliability of the 
structure by reducing damage to the members and joints of the existing steel truss 
elements. However, the bearings themselves cannot be directly evaluated under this 
criterion. One must look at the results of their use on various portions of the structure and 
evaluate the various portions as to their seismic reliability. One such area of concern is 
the expansion joints between the superstructure spans. Seismic isolation bearings trade 
off a reduction in force for increased displacement. It was noted in the "Description" 
above that the bearings would reduce the relative displacement within a truss span. 
However, the inter-truss displacement at expansion joints would increase. Therefore, the 
extent of damage to the expansion joint elements may dictate the overall time delay in 
allowing safe passage of emergency vehicles. Another concern is that the isolation 
scheme works for a 10% damping but not a 5% damping. Overall the seismic isolation 
strategy may not be as effective for a long period bridge as it is for short period 
structures, as described in 4.D. In fact the notes of the 30 October 1995 Peer Review 
Meeting reference a statement by Professor James Kelly of UC Berkeley, an expert in 
base isolation, stating "Caltrans may be making a mistake using the isolation strategy for 
SFOBB." We could neither find a Caltrans response to Professor Kelly's concerns nor 
any documentation that would support the effectiveness of such a large isolation unit for 
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SFOBB. Similar concerns were also raised by the seismic advisory board on several 
occasions [Document 372]. 

5.D. Validity of Isolation Strategy 
Seismic base isolation is typically used to reduce seismic force demands by shifting the 
period of structure away from the peak of the earthquake response spectra and providing 
additional damping through friction or other means. As such the base isolation concept is 
both cost effective and technically sound for stiff structures, where seismic force 
demands are high. 

The as-built periods of vibration for the long-period piers such as Piers E7 [Document 
115] and E13 [Document 106] of the East Span ofSFOBB are 6.3 and 4.2 sec, 
respectively. At these periods of vibration the seismic force demands for most of the as­ 
built truss systems are not much different from those for the retrofitted bridge with the 5- 
sec friction pendulum isolators. On this basis the validity and effectiveness of isolation 
strategy is questionable because the as-built flexible steel piers transmit approximately 
the same level of seismic forces to the truss system. Shortening the period of vibration by 
stiffening piers with the concrete encasement, and then using isolators to elongate the 
period approximately to the same level of the as-built condition does not appear prudent. 

6. Summary of Retrofit Contracts 

The proposed retrofit includes work between pier YB 1 on Y erba Buena Island and Pier 
E23 in Oakland. The SFOBB East bay span retrofit project was divided into various 
separate contracts organized by Cal trans. Each of these contracts is described and 
discussed in the following sections. The overall retrofit strategy was to reinforce the piers 
and foundations to provide pure elastic response, and to isolate the superstructure from 
the substructure by replacing the existing bearing shoes with isolator bearings. In all 
portions of the bridge except the cantilever, such a scheme was followed. The proposed 
retrofit as interpreted by the COE design team (the proposed retrofit is not defined 
anywhere for the bridge as a whole) is summarized by the following. 

(1) Span between Pier YBl and Pier El (Contract No.2 and Contract No. 10). The 
YB2, YB3 and YB4 foundations were to be reinforced by enclosing the existing 
spread footing foundations with a new pile cap and new cast-in-drilled-hole 
concrete piles placed around the perimeter of the existing spread footing. The 
existing steel towers were to be encased in concrete and a bearing support was to 
be constructed at the top of the tower. Isolation bearings were to be installed, and 
various truss members and connections of the four 288' superstructure trusses 
were to be reinforced or replaced. Expansion joints were to be modified to 
accommodate differential truss displacements. 

(2) Span between Pier El and Pier E4 (Contracts No.3 and 8). This portion of the 
bridge includes the cantilever superstructure and supporting piers. Various 
strategies had been considered, and it is not clear that a final retrofit strategy had 
been selected for this portion of the bridge. The retrofit design was not complete 
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for either the superstructure or the foundations (see Sections 6.D and 6.G below). 
lt appears that the following scheme was the selected retrofit used for cost 
estimating purposes. 

• New piers were proposed to support the structure where the cantilever and 
suspended spans join. Foundations had not been designed for these piers. 

• The suspended span was to be separated from the cantilever and was to be 
supported on isolation bearings mounted on top of the new piers. The ends of 
the existing cantilever spans were to be pinned to the new piers. 

• The anchor span anchorages at Pier E 1 and Pier E4 were to be modified such 
that the superstructure would be tied down and damped transverse and 
horizontal release would be provided. 

• Superstructure retrofit was to involve reinforcement of various members and 
connections and a stiffening edge truss were to be added to the outside faces 
of the trusses ( details are not known). 

• Foundations at E2, E3 and E4 were to be reinforced with large diameter 
concrete filled steel pipe piles surrounding the caissons and precast concrete 
pile caps. 

• Towers were to be modified by removing the lateral bracing and encasing the 
existing steel towers with new concrete box towers. A large concrete 
crossbeam was to be constructed between the tops of the box towers. 

• Articulated joints were to be necessary to accommodate large differential 
displacements between truss segments. 

(3) Span between Pier E4 and Pier E23 (Contract Nos. 4, 5, 6, 7, 9 and 10). This 
portion of the bridge includes five 504' truss spans (between Pier E4 and Pier E9) 
and fourteen 288' truss spans. The overall retrofit strategy is to stiffen the 
substructure and isolate the superstructure. 

• The retrofit strategy for all of the foundations excluding ES includes the 
installation of large diameter steel pipe piles around the perimeter of the 
existing foundations and pile caps and construction of new pile caps. The piles 
will be driven open ended, partially reamed, and the upper ends will be 
backfilled with reinforced concrete. 

• The foundations at ES will be reinforced with large diameter concrete filled 
steel pipe piles surrounding the caissons and precast concrete pile caps. 

• For towers ES through E16 (with exception of Tower E9), tower members 
(legs, cross braces, joints) will be encased with a reinforced concrete jacket, 
and a permanent concrete platform will be provided at the top. Tower E9 will 
include strengthening of various members by replacing lacing with perforated 
plates, and adding jacking platforms. 

• Isolation bearings will be installed at each pier. 
• Various members and connections of the 288' trusses will be reinforced or 

replaced. 
• Various members and connections of the 504' superstructure trusses will be 

reinforced. In addition, an edge beam will be constructed and mounted to each 
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truss. The beam is a box beam that is mounted horizontally along the entire 
length of each truss just below the mid panel points. 

I 

6.A. Contract 2, YB2-YB4 Towers. 
Description: This contract includes YB2, YB3, and YB4 towers and foundations 
supporting the 288' trusses on the east side of the Yerba Buena Island. YB2 and YB4 are 
single towers; YB3 is a double steel tower. The tower legs are made of built-up steel 
sections and all of the cross bracing are laced members. All of the towers are supported 
on spread footings. [Documents 31 O, 3 54] 

The existing steel tower will remain in place and will be encased in concrete. The isolator 
bearings will be installed on a large ledge at the top of the towers. The new pile cap and 
cast-in-drilled hole concrete piles will enclose the existing footings. All existing loads 
and expected seismic loads will be transferred to the new foundations. 

Appropriate Criteria: Caltrans established a seismic retrofit performance objective for 
this contract. The objective was to keep the foundation for all the towers in the elastic 
range during the Safety Evaluation Seismic Event. Meets lifeline criteria as stated in 
Section 1, Criteria. 

Geotechnical Considerations: Sufficient subsurface exploration, insitu testing and 
laboratory testing exists to adequately characterize foundation conditions along the 
SFOBB alignment. Information was obtained from historical sources as well as recent 
project specific data acquisitions. 

Yerba Buena foundation conditions consist of alluvial deposits over the Franciscan 
Formation or just the Franciscan. Adequate foundation conditions exist to support the 
retrofitted SFOBB. 

Existing foundations for YB 1 through YB4 and E 1 are shallow or deep footings bearing 
on rock (YBl, YB4 and El) and soil (YB2 through YB3). Notes indicate the existing 
foundation capacities are not adequate and will be replaced. The new foundations at YB2 
through YB4 consist of five and six-foot diameter drilled piers (CIDH piles) that will 
develop the required vertical (tension and compression) and lateral capacities. Detailed 
evaluation of existing foundation capacities and design of new CIDH piles was not found. 
The retrofit scheme for E 1 and YB 1 was not found except notes indicating the need for 
increased uplift capacity. 

Rock slope stability on YBI at Piers El and E2 was evaluated using field mapping, 
borings, and laboratory data. A two-dimensional analysis was performed using bridge 
loads and earthquake accelerations. A static three-dimensional analysis was performed 
using a Steronet. Some of the input data for the stability analyses was not contained in the 
document we reviewed. Thus, we can evaluate general conclusions and not detailed 
results. We could not determine if a sensitivity analysis was performed. Caltrans 
concluded the rock slopes at Piers E 1 and E2 will be stable during a maximum credible 
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earthquake with factors of safety against sliding of about 3.5. The scope of the study and 
the conclusions appear reasonable. 

Seismic Considerations: Refer to Sections 2.B. Earthquake Ground Motion Criteria, and 
2.C. Rock Motions for seismic and earthquake considerations on this contract. Due to 
proposed installation of isolation bearings, it was assumed the isolation device would 
only transmit 0.1 g longitudinally and 0.2g transversely at the top of the towers. 

Sound Analysis: The SFO BB retrofit design is complex. The design presents numerous 
challenges and requires considerable engineering judgement for this contract. Decisions 
were based on a sound design strategy and appropriate analyses. 

From the review of various documents, it was assumed that computer modeling was 
accomplished using recognized software (WFRAME, XSECTION, GTSTRUDL). 
Analyses were performed .using typical methodology and common references and 
procedures. An equivalent static analysis was coordinated with a global dynamic 
nonlinear analysis (ADINA model). 

The as-built baseline model was developed using foundation springs. The as-built model 
revealed that the tower legs, the laced member bracing, the anchor bolts, and the concrete 
pedestals and footing did not have sufficient capacity to meet the established performance 
criteria of DIC of less than 1. O the DIC greater than 3. O was reported for various 
structural elements. 

A "Push Over" model was used to determine the seismic demand on the retrofitted 
towers. A Caltrans in-house program was used in the push over analysis. The towers were 
assumed fixed at the base and allowed 1 to 1.5 inches movement of the foundation. The 
results from static analysis compared favorably with results from the ADINA global 
model analysis 

Seismic Reliability: The foundation retrofit design is essentially elastic and damage to 
towers and foundations would not be expected. Therefore, design meets lifeline criteria. 

Other Alternatives: There were two seismic retrofit alternatives considered for the 
existing towers and foundation. Alternative 1 was a steel strengthening and Alternative 2 
was concrete encasement of the existing tower. 

Cost Analysis: The cost estimates were developed to GP level. This included 10% 
mobilization and 20% contingencies as is standard with GP estimates. At the time the 
retrofit study was discontinued the cost estimate was realistic and accurate for the design 
level completed. It was not complete. There is adequate pricing data with backup. The 
towers were at a PS&E level and the foundations were at a GP level. 

15 



I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

' I 
I 
I 

Appendix 4. 

6.B. Discussion of Contract 3, E2-ES Caissons 
Description: This contract includes the retrofit of caissons at Piers E2 to ES. The 
foundations for the two new piers, E2A and E2B, supporting the cantilever spans, were 
apparently to be designed by the Contract 8 team. · · 

E2 is basically a large spread footing founded on rock at the edge of Y erba Buena Island. 
E3 to ES are deep caissons extending into the bay mud. The concept for the new piers, 
E2A and E2B, is to use large diameter steel pipe piles protruding down into the bay mud 
and underlying soils, with a reinforced concrete cap at the Bay's water surface. 

Appropriate Criteria: Refer to Section 1. Criteria. 

Geotechnical Considerations: The generalized subsurface profile consists of the 
following stratigrafie sequence Young Bay Mud underlain in succession by the 
Merritt/Posey/San Antonio Formation, the Yerba Buena (Old Bay) Mud, the Upper and 
Lower Alameda Formation, and lastly the Franciscan Complex (bedrock). Bedrock slopes 
steeply from the east side of Yerba Buena Island to approximately elevation -300 ft and 
then slopes gently down to the east to approximately elevation -440 ft. in the vicinity of 
the Oakland touchdown. Adequate foundation conditions exist to support the retrofitted 
SFOBB. See Contract 2 for geotechnical comments for E2. 

Seismic Considerations: Refer to Section 2. Seismic Evaluation. 

Sound Analysis: For Caissons of Piers E3, E4 and ES - The as-built baseline model was 
developed using Com624P to provide an initial rough look at the behavior of the 
caissons. Patran and ADINA were then used to provide more refined analysis. Existing 
bearing capacities and settlement behavior were determined to be unacceptable in order 
to add load to caissons E2 through ES. 

It is stated in the calculations that the resulting displacement time histories from the local 
caisson ADINA models were then used as the input for the global ( entire bridge including 
superstructure) model. This poses a problem in that this procedure would not have 
resulted in the capture of the actual behavior of the caissons as the effect of the pier 
(towers) and superstructure mass were not included in the local caisson model. 

The initial concept of using post-tension tendons anchored into the underlying rock layer 
was rejected by Caltrans Office of Structural Foundations (Geotechnical engineering). 
This concept would relieve stresses induced by overturning moments by redirecting the 
overturning forces via tension into the rock. However, the additional prestressing forces 
resulted in an effective increase in the vertical loading on the caissons to the point of 
overstressing the underlying soil. This scheme was abandoned [Document 375]. The 
revised and current scheme is to internally stress the caisson by coring through the outer 
concrete walls of the caissons, installing prestress tendons, and locking the bottom end of 
the tendons off against the bottom of the caissons. This would add moment capacity to 
the existing concrete structure but would not reduce the rocking displacements, as would 
the rock anchors. In addition, this alternative had several remaining concerns. First, a 
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construction method for locking off the tendon end against the bottom of the caisson had 
not been developed. Second, this alternative would not be adequate to support additional 
dead load from retrofits of the towers and superstructure. It was the designers' conclusion 
that an additional external support system, perhaps using large diameter pipe piles would 
have to be developed to carry these additional forces. No calculations or plans were 
provided for this concept. 

In summary, it is apparent that a valid retrofit scheme had not been reached. For Caissons 
of Pier E2: The analysis procedure and initial retrofit scheme is similar for that described 
above for Piers E3, E4, and ES. However, this pier is founded on the outcropping rock of 
Yurba Buena Island and the prestress force of the tiedowns was not a problem. Actually 
the inverse was determined in that if the pier were allowed to rock, the edge stresses 
under the footing could overstress the rock. Therefore, the use of rock anchors to prevent 
rocking and control stresses at the edge of the footing was acceptable. The analysis and 
details provided indicate that the rock anchors would be placed around the exterior 
perimeter of the existing foundation. They would be attached to the existing caisson with 
a reinforced concrete cap surrounding the caisson. 

The ADINA models provided indicate that for this pier, the towers and superstructure 
mass were included. 

Additional Foundation for new Piers E2A and E2B: Refer to the section covering 
Contract 8. 

Seismic Reliability: A viable solution had not been obtained as of the date the retrofit 
project was abandoned in favor of the complete bridge replacement alternative. 

The foundations (caissons) for E2, E3, E4, and ES, with the internal prestress retrofit, are 
designed to remain fully elastic: 

Demand < Elastic Capacity 

Therefore, damage to the caissons would not be expected, which could be interpreted as 
meeting lifeline criteria at least for these elements. However, this is irrelevant as the 
internal prestressing represents only a partial retrofit. It does not address other concerns 
such as excessive rocking which could result in excessive displacement at the top of the 
towers, and settlement caused by the additional weight of the tower and superstructure 
retrofits. 

Other Alternatives: There were two general retrofit alternatives considered for the 
existing caissons. Alternative one is to internally strengthen the caisson for overturning 
moments by installing tiedown anchorages. Within this scheme, several different methods 
ranging from internal stressing of the existing reinforced concrete caisson to external 
(protruding below the bottom of the caissons) tiedown anchorages into bedrock. 
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Alternative two is similar to that used for piers 6 through 23, which is an external 
strengthening using large diameter pipe piles around the perimeter of the existing caisson 
with a concrete cap tied to the caisson to produce monolithic behavior of old and new. 

Alternative one, using external tiedowns into bedrock was the original concept chosen. 
All calculations and plans supplied by Caltrans are for this scheme. However, late in the 
design process a geotechnical review concluded that the additional vertical load induced 
by the additional tiedowns may result in unacceptable settlement due to overstressing of 
the underlying soils. At this point Alternative one was modified to eliminate the rock 
anchors and use internal prestressing. After it was concluded that this was insufficient to 
address all of the deficiencies associated with the existing structure, Alternative two was 
discussed. No calculations or plans were provided regarding this alternative. 

Cost Analysis: The cost estimates were developed in a GP level. This included 10% 
mobilization and 20% contingencies as is standard with GP estimates. At the time the 
retrofit study was discontinued the cost estimate was realistic and accurate for the design 
level completed, GP. It was not complete. 

6.C. Discussion of Contract 4, Contract 5 and Contract 6 E6-E23 Foundations. 

Contract 4 Description: This contract includes the retrofit of the existing foundations at 
Piers E6 through E9 supporting the 504' trusses and towers. The existing steel towers 
will remain in place and will be encased in concrete under separate contract. The footing 
block rests on top of an existing non-reinforced concrete seal/pile cap and consists of 
numerous timber piles. 

_The retrofit strategy is to isolate the 504' superstructure spans from the towers with 
isolation bearings. Thus the substructure was designed to withstand the seismic force of 
approximately 20% of the superstructure mass and 100% of its self-weight. 

The retrofit consists of constructing a sheet pile cofferdam, dredging mud from within the 
cofferdam, driving a single row of large diameter piles to a specified tip elevation around 
the perimeter of the existing foundation, and constructing a pile cap enlargement. A 
reinforcement cage will be inserted in shells and the shells will be concrete filled. The 
new piles were to be designed to a strength and stiffness criteria sufficient to provide 
composite load and displacement resistance in combination with the existing timber piles 
[Document 3 54]. 

Data Gap: A significant data gap exists (Date Gap 5) for Contracts 4 and 5. Without this 
information it is difficult to determine if sound analysis and appropriate criteria including 
lifeline were used for this portion of the bridge. However, it is reasonable to assume that 
the criteria and analysis for these contracts were similar to that used for Contract 6. 
Therefore, for the purpose of this study we have assumed the same conclusions on 
geotechnical consideration, seismic and earthquake consideration, appropriate criteria, 
sound analysis, seismic reliability - lifeline criteria or no collapse, and other alternatives 
as those concluded on Contract 6. 
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Contract 5 Description: This contract includes the retrofit of the existing foundations at 
Piers El O through E16 supporting the 288' trusses and towers. The existing steel towers 
will remain in place and will be encased in concrete under separate contract. The footing 
block rest on top of an existing non-reinforced concrete seal/pile cap and consist of 
numerous timber piles. 

The retrofit strategy was to isolate the 288' superstructure spans from the towers with 
isolation bearings. Thus the substructure was to be designed to withstand the seismic 
force of approximately 20% of the superstructure mass and 100% of its self-weight. 

The retrofit consists of constructing a sheet pile cofferdam, dredging mud from within the 
cofferdam, driving a single row of large diameter piles to a specified tip elevation around 
the perimeter of the existing foundation, and constructing a pile cap enlargement. A 
reinforcement cage will be inserted in the shells and the shells will be concrete filled. The 
new piles will be designed to a strength and stiffness criteria sufficient to provide 
composite load and displacement resistance in combination with the existing timber piles. 

Data Gap: A significant data gap exists (Date Gap 5) for Contracts 4 and 5. Without this 
information it is difficult to determine if sound analysis and appropriate criteria including 
lifeline were used for this portion of the bridge. However, it is reasonable to assume that 
the criteria and analysis for these contracts were similar to that used for Contract 6. 
Therefore, for the purpose of this study we have assumed the same conclusions on 
geotechnical consideration, seismic and earthquake consideration, appropriate criteria, 
sound analysis, seismic reliability - lifeline criteria or no collapse, and other alternatives 
as those concluded on Contract 6. 

Contract 6 Description: This contract includes the retrofit for existing foundations and 
pedestals at Piers E 17 through E23, which support the 288' trusses. The towers and 
footings are hollow walls three to four feet thick. The footing block rest on top of an 
existing 12.5 ft. thick non-reinforced concrete seal/pile cap, supported by approximately 
300 timber piles. 

The retrofit strategy is to isolate the 288' superstructure spans from the towers with 
isolation bearings. Thus the substructure was designed to withstand the seismic force of 
approximately 20% of the superstructure mass and 100% of its self-weight. 

The retrofit includes the construction of a cofferdam, excavation to the bottom of the 
existing seal course, driving large diameter steel piles, partially filled with concrete to 
limit the deflection in the timber piles to acceptable levels. The construction of footing 
and buttress walls are to connect the retrofitted and existing footing together. 

Due to the reduced clearances below the trusses, dredging was planned to precede the 
cofferdam construction. The cylindrical steel piles will be driven to the side of the 
existing pile cap. The piles were to be filled with reinforced concrete. The isolation 
bearings will isolate the 288' superstructure spans from the towers. The foundation and 
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tower at E 1 7 would no longer act as an anchor pier for spans E 11 through E 16 
[Documents 323, 354, 152, 36]. 

Appropriate Criteria: Caltrans established a clear seismic retrofit performance objective 
for this contract. The objective was to keep the foundation for all the towers in the elastic 
range during the Safety Evaluation Seismic Event. Localized exceptions to the "totally 
elastic" philosophy would be acceptable as long as the serviceability goal was not 
compromised. The serviceability goal is the often referred to "lifeline criteria" of being 
able to accommodate immediate post earthquake emergency relief access and public 
access within a short time frame. 

Capacities of timber piles were determined using soil data at each tower, published 
properties of wood piles, and plans/specifications for the original construction. Vertical 
capacities were based on skin friction using the minimum specified pile butt and tip 
diameters. Some calculations used nominal pile diameters rather than the minimum 
[Document 74]. No uplift (tension) capacity was recommended because of the lack of a 
good structural connection of the pile to the cap [Document 73]. However, some 
calculations assumed tension capacity. We do not know if these discrepancies were 
resolved. Lateral capacities were determined using p-y curves. Supplemental CISS piles 
were designed to augment the existing timber piles by limiting deflections and bending 
[Document 323]. No reduction in the timber pile capacities appears to have been taken to 
account for possible historic structural damage. 

Vertical, 5-foot diameter steel pipe piles were selected to augment the timber pile 
foundation capacity and control loads and deflection in the timber piles. Lateral 
capacities were determined using p-y curves. Drivability studies for these piles were 
performed and pile load tests were planned to confirm capacities. Various retrofit 
schemes were selected. The selected scheme appears reasonable. 

Geotechnical Considerations: The generalized subsurface profile consists of the 
following stratigrafie sequence: Young Bay Mud underlain in succession by the 
Merritt/Posey/San Antonio Formation, the Yerba Buena (Old Bay) Mud, the Upper and 
Lower Alameda Formation, and lastly the Franciscan Complex (bedrock). Bed rock 
slopes steeply from the east side of Yerba Buena Island to approximately elevation-300 
ft and then slopes gently down to the east to approximately elevation --440 ft. in the 
vicinity of the Oakland touchdown [Documents 27, 74, 89, 189]. 

Adequate foundation conditions exist to support the retrofitted SFOBB. 

Seismic Considerations: A significant effort was exerted in defining the seismic setting 
for the SFOBB. Rock motions were determined and propagated through developed soil 
columns to provide a series of site specific time histories and response spectra at 
appropriate foundation levels. Rock motion was propagated using equivalent linear 
(SHAKE) and nonlinear analysis. Soil-Foundation-Structure Interaction analyses were 
not performed on retrofitted foundation. Foundation stiffness and force-deflection and 
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moment-rotation curves were developed for each foundation. The kinematic interaction 
analysis was not performed for as-built and retrofit foundation. 

Sound Analysis: The SFO BB retrofit design is complex. The design presents numerous 
challenges and requires considerable engineering judgment. Decisions were based on a 
sound design strategy and appropriate analyses. From the review of various documents, it 
was assumed that computer modeling was accomplished using recognized software 
(ADINA, COM624, GROUP, SHAKE, GTSTRUDL, etc.). Analyses were performed 
using typical methodology and common references and procedures. The COM624 and 
GROUP programs were used for the analyses of both as-built and retrofitted foundations. 
The demand and capacity were calculated from the above and equivalent static analysis 
for lateral displacement, axial, moment, shear. These results were coordinated with a 
global dynamic nonlinear analysis. The closing of Data Gap 9 would have confirmed our 
assumptions. 

The stresses in the timber piles to the ultimate capacities, Fb = 5000 psi and F, = 450 psi 
were used in the design of the retrofit foundation (Document 323]. The foundation needs 
to be retrofitted to withstand the seismic force of approximately 20% of the 
superstructure mass and 100% of its self weight. The large diameter steel piles were used 
to limit the deflection in the timber piles to acceptable level. 

Design assumption for timber piles, footing stiffness, design assumption for the concrete 
pier foundations were reviewed [Document 152]. 

Strut and tie were analyze and designed using AASHTO LRFD bridge design 
specifications. 

Seismic Reliability: The foundation retrofit design is essentially elastic and damage to 
towers and foundations would not be expected. Therefore, design meets lifeline criteria. 

Other Alternatives: Alternative foundation retrofit strategies were considered. These 
alternatives included ground improvement (grouting) schemes, small diameter piles, and 
large diameter vertical and battered steel piles with a new pile cap / load transfer structure 
above the water surface. 

Micropiles [Document 323] - This retrofit concept was to drill through the lightly 
reinforced footing block and concrete seal ( elevation +8 to -45) and install micropiles to 
take uplift and compression. Caltrans determined the micropiles would not significantly 
increase the lateral capacity of the foundation and therefore this strategy was dismissed. 

Floating Cofferdam - This retrofit concept was to dredge out to the bottom of the footing 
block and float precast concrete cofferdams into place. Then the precast units would be 
connected, the bottoms knocked out and large diameter steel piles driven. After the piles 
were driven, a new pile cap would be stressed to the existing footing block. Due to large 
amount of dredging and the uncertainty involved in construction, this option was not 
selected. 
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Cost Analysis: The cost estimates were develop by Caltrans represented PS&E level 
estimates. At the time the retrofit study was discontinued the cost estimate was realistic 
and accurate for the PS&E level of design. However, 100% plans and specification and 
estimates were not complete. 

6.D. Discussion of Contract 7, E5-E16 Towers 
Description: Contract 7 includes the steel towers supporting the 504' and the 288' truss 
spans from piers ES to E 16, with the exclusion of the steel tower at pier E9. All steel 
towers are supported on concrete pedestals. The steel towers at piers ES to E8 have 
double X-braces that are 120 ft to 140 ft tall, whereas steel towers at piers El O to E16 
have single X-braces that are 60 ft to 90 ft tall (see Contract for E9). In addition, pier El 1 
has double steel towers to allow for thermal expansion and contraction. All steel towers 
consist of built up steel sections and rest on timber pile foundations with the exception of 
the steel tower at pier ES, which is supported on a concrete caisson foundation 
[Document 354]. 

The isolation retrofit strategy involves decoupling the top of the towers from the trusses 
by installing friction pendulum isolation bearings in between at each existing truss shoe 
location. First, the tower members (tower legs, X-braces and joints) are encased with a 
reinforced concrete jacket, and a permanent concrete jacking platforms is constructed at 
the top of the towers [Document 354]. The trusses are then to be jacked from the top of 
the towers, and the top of the tower members are to be cut. This would be followed by 
attaching the isolation bearing to the top of the tower members and to the bottom of the 
existing shoe base plate. For the low height towers at piers E 13 to E 16, the space between 
members is to be filled to form a solid in-fill wall [Documents 38, 354]. 

Appropriate Criteria: The portions of the criteria referenced in Section 1 that pertain to 
the evaluation and design of the steel towers include discussions on the allowable tensile, 
compressive, and shear capacities of the steel and concrete members, as well as gusset 
joint, shear and tensile rivet capacities. Acceptable DIC for both evaluation and design of 
steel and concrete members were also defined. 

In 1995, more refined guidance for the evaluation and retrofit design of latticed members, 
rivet and gusset plate connections were published by Caltrans, based on the work of its 
Steel Committee and other researchers (see also "Seismic Design of Components of the 
East Bay Crossing" by A. Astaneh, 1995) in the so called white paper report [Document 
373]. 

Geotechnical Considerations: Refer to Section 3. Geological and Geotechnical Site 
Investigations. 

Seismic Considerations: See Section 2, Seismic Evaluation, for general considerations. 
For the local tower models, ARS curves (see Caltrans Bridge Design Specifications) were 
generated for each pier by Caltrans' Structure Foundations Section for pushover analyses 
[Documents 38, 311]. 
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Sound Analysis: Caltrans' analysis approach is to start with a simple model and then add 
complexity to it gradually until the model captures all of the system's response to an 
acceptable degree [Document 357]. For the stand alone steel tower analysis, this involves 
a simple plane frame model with in plane and out of plane motions in both the 
longitudinal and transverse directions. If required, foundation flexibilities, plastic 
deformations, rocking motions, softening of soil modulus and etc. can also be included in 
the analysis. 

For all steel towers in this project, some or all of the following types of the analysis were 
performed, 

• static push over analysis; 
• linear elastic 3D response spectrum modal analysis; 
• linear elastic time history analysis; 
• nonlinear time history analysis with geometric and/or material nonlinearities. 

I 
Modeling Assumptions: Global baseline GTStrudl and ADINA models of all the existing 
East Bay Bridge spans were created to assess the overall seismic behavior and to capture 
interactions between adjacent spans, using different (rocking, fixed, soil spring) boundary 
conditions [Documents 180, 197]. The global results are useful for comparison with 
results from the local tower models. In some cases, global data were extracted and used 
as input for the local tower models. 

For the stand alone tower models, the steel tower legs were assumed to be connected to 
the foundation by rigid links with translational and rotational springs. Rigid links were 
also used to account for connection stiffness (gussets). The contact surfaces were 
included at the bottom of the tower legs to allow for rocking motions. The pedestals 
supporting the tower legs were modeled as beam elements using actual stiffness. The 
masses of the foundation, pedestal, tremie, and enclosed water were modeled as a point 
mass, and this mass was attached to the end of a vertical rigid link. Gap elements were 
used at the top of the towers to _model expansion joints. For retrofit anal y sis, base 
isolation bearings were modeled as springs with additional masses placed at the top of the 
piers. 

Damping is used to dissipate energy through deformation during seismic motions. The 
values used for the SFO BB studies range from 5% to 15% of the critical damping 
depending on the type of system being analyzed and the level of peak deformation 
assumed [Document 72]. Each tower model was subjected to full static and dynamic 
loads with 3 dimensional (fault normal, parallel, and vertical) time histories. Time history 
analyses were carried out to 1 O, 20 and/or 40 seconds, with 0.02 increments. Different 
displacement time histories were applied to the base of each tower, accounting for wave 
passage, coherency, attenuation, and other local effects. Questions on the validity of 
global analysis regarding damping and verification of the selected strategy are discussed 
in Section 4, Global Model. 

I 
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In analyzing the retrofitted steel towers, the demand loads were obtained from the worst 
case of two methods, which were the global model using ADINA with foundation springs 
and displacement time histories applied at each support, and the stand alone local 
pushover models using GTStrudl and ADINA, with assumed isolation bearing transfer 
loads of 10%-20% g applied at the top. Member geometric properties were based on the 
cracked section, and the inertia forces were based on maximum accelerations from ARS 
curves generated by Caltrans' Structure Foundations Section. 

Capacities of retrofitted tower members were analyzed using computer program "X­ 
Section" and are based on the combined existing steel section and the new reinforced 
concrete encasement as a composite section [Document 122]. Capacities of the concrete 
encased joints were analyzed with "X-Section" using the combined yield capacities of the 
existing gusset plates and the new joint reinforcement. The main steel, which would be 
continuous across the jacking platform, was checked using the strut and tie method as 
suggested by the peer review panel [Document 311]. Buckling and slenderness of gusset 
plates were not considered since the joints are fully encased in concrete [Documents 161, 
311]. I 
Analyses conducted by Caltrans indicated that many members of the existing steel towers 
are overstressed. Some of these have the potential to buckle and induce instability. 
Connections were identified as possessing capacities below the capacities of the adjacent 
members. Given the large demand-to-capacity ratios reported in Caltrans' as-built 
analyses, Caltrans felt that it would not be economical to retrofit all deficient bridge 
members such that they will behave elastically during major seismic events. 

The soundness of analysis cannot be determined independently by the COE Team. All 
analysis and design calculations are scattered in different documents provided by 
Caltrans. Most of these are incomplete and unorganized, with few narratives, figures, or 
tables describing what was actually done. Given the limited amount of time and the large 
volume of material that are available, it is not possible to thoroughly review each of these 
documents. However, it can be stated qualitatively that, in general, the analyses and 
design follow accepted current procedures and practice. 

Seismic Reliability: Given acceptance of the propose retrofit (not justified by analysis as 
described in Section 4, Global Model), retrofit work of this contract satisfies the lifeline 
criteria. 

Other Alternatives: Different ways to strengthen the deficient structural members were 
evaluated by Caltrans to various degrees. Some of those that were considered are listed as 
follows [Document 311]. 

• boxed section steel strengthening - remove lacings and rivets and replace with steel 
plates and high strength bolts and strengthen existing gusset plates and connections; 

• hollow concrete encasement - encase existing tower with hollow concrete pier wall; 
• solid concrete encasement - encase existing tower with solid concrete pier wall; 
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• solid X-bracing encasement - encase individual tower members with reinforced 
concrete jacket. 

The following are reasons listed by Caltrans, however many "lessons were not 
substantiated by analysis and the COE Team does not necessarily agree with justification. 
Concrete encasement was chosen by Caltrans as the preferred method for member 
strengthening after comparing different alternatives. The biggest advantages are to 
provide increased stiffness of the tower and reduce rotation at the top; minimize local 
buckling problems of the existing steel members, lacings, and gusset plates; avoid 
structural solutions for which little physical testing exists; eliminate the need to retrofit 
the existing steel tower anchorage by providing a continuous connection between the new 
base of tower longitudinal steel and the new foundation retrofit steel; provide a 
permanent jacking platform at the top of tower for jacking the trusses for the installation 
of the isolation bearings or for future replacement, and to eliminate lead paint removal 
and future painting and maintenance costs [Document 161]. Retrofit of the existing steel 
members, on the other hand, will require replacing the existing rivets with high strength 
bolts in addition to building up the existing steel tower legs in the longitudinal direction, 
which would also require staging the retrofit process in order to remove existing rivets 
and lacings while maintaining traffic on the bridge [Documents 311, 3 54]. 

Cost Analysis: The cost estimates were developed by Caltrans in a PS&E level estimate. 
At the time the retrofit study was discontinued the cost estimate was realistic and accurate 
for the PS&E design level completed. lt was not 100% complete as design was not 
completed, finalized, checked, or stamped. 

6.E. Discussion of Contract 8, Cantilever Towers and Superstructure. 

Description: Contract 8 consists of three separate contracts. Contract 8A consists of 
installation of two new towers and foundations supporting the suspended span between 
the east and west cantilever spans (Document 188). The towers are reinforced concrete 
moment frames with inclined legs. The foundation consists of a precast hollow cellular 
pile cap with large diameter pipe piles. The piles at pier E2A are anchored 1 O feet into 
bedrock while piles at pier E2B are driven into dense sand. Tie-downs are included to 
reduce tension loads on piles due to longitudinal loads. The towers support isolator 
bearings installed on top of the tower cross beams. 

Contract 8B consists of separating the cantilever spans into 3 independent, long period 
structures and retrofit of towers E 1, E2, E3, and E4. The proposed retrofit of pier E 1 
includes installing a reinforced concrete jacket around tower columns and web wall, and 
installing prestressed tie-down anchors through the piers into rock. Retrofit of the 
remaining piers includes encasing tower columns in reinforced concrete, removing tower 
cross bracing, installing a stiff prestressed bent cap between top of tower col urnns, and 
strengthening the connection between tower legs and pier. Connections of the suspended 
spans at piers E 1 and E4 are released and replaced with a vertically restrained bearing. 

Contract 8C consists of seismic retrofit of the three-span steel truss superstructure 
spanning from Pier E 1 to Pier E4 to include installation of edge trusses, minor retrofit of 
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suspended spans, Pier E 1 knee joint strengthening, Pier E 1 and Pier E4 release and hold­ 
down strategies, extensive deck joint construction possibly with large dampers where 
joint impact cannot be avoided, installing tiedown bearings (to keep I-bars in tension) at 
Piers El, E2A, E2B, and possibly E4, strengthening connections (rivet and gusset plate 
replacement), strengthening portal frame members, top lateral members, top and bottom 
cross bracing, vertical truss members, floor beams, and, anchor shoes, and extending 
stringer seats with steel plates [Document 227]. The investigations were in various stages 
of completion when the cessation directive was issued. 

Appropriate Criteria: Design criteria were presented in the form of allowable stresses, 
material strengths, strain limits, capacity equations, and acceptable demand-capacity 
ratios. Performance criteria were presented in the form of expected performance of the 
retrofitted bridge. The initial performance criterion (1994) was to achieve full 
serviceability (full access to traffic immediately following the earthquake) after the 
design earthquake. This was to be achieved by limiting stresses to or below the elastic 
limit and demand-capacity ratios to unity. This goal became increasingly difficult to 
achieve as the analyses progressed and complexity and cost of the retrofit increased. 
Acceptable performance at the time the project was terminated included allowing some 
damage and yielding of material (1997) [Documents 224,354]. Under this scenario, it 
was expected that three lanes would be serviceable in six months, and full service would 
be available in one year. Documentation identifying the level of excedan ce (D/C) of the 
affected components of the respective alternatives has not been identified to date. 

Member capacities were based on an upper bound yield strength, e.g. Fy of 3 7 ksi for 
steel yield strength of 33 ksi. Capacities for steel members in combined axial bending or 
compression, flexure, shear, and torsion were based on AISC or AASHTO LRFD design 
criteria with increased resistance factors. Acceptable stresses in as-built truss members 
were limited to 60% of yield [Documents 44, 230]. This limiting value was to account for 
the expected controlling mode of failure (buckling) of compression members. lt was 
reported that 94% of truss members failed under this limitation. Concern was also 
expressed regarding behavior of riveted connections and their impact on the capacity of 
truss members. Concrete and reinforcement strains for concrete towers were limited to 
0.003 and 0.002 respectively. Concrete and reinforcement strengths for concrete towers 
were limited to 5 and 60 ksi respectively. 

Geotechnical Considerations: Not applicable. 

Seismic Considerations: Several computer models were developed to analyze the 
components of Contract 8. A global baseline model was develop for the entire structure 
using the ADINA computer program. A detailed model of the cantilever span trusses 
(from pier El to Pier E4) was developed using GTSTRUDL [221] and ADINA [224]. 
Several local models, including the El anchorage [Documents 222, 224], vertically 
restrained bearings, truss portal frames [Document 228], and pier towers and foundations 
[Documents 97, 116], were also developed. The separate ADINA and GTSTRUDL 
results were compared to develop a level of accuracy and confidence in the models 
[Documents 215,228]. The documents reviewed did not indicate that a level of 

26 



I Appendix 4. 

confidence required for this type of analysis was achieved in the models. Source of input 
loads was never well defined [Document 219]. 

Earthquake loads were represented in the form of time history displacements and 
accelerations used in linear and non-linear dynamic analyses and acceleration-response 
spectra used in linear static pushover analyses. It appears that for the time-history 
analyses, input loads are applied at the foundation (at least for tower and foundation 
analyses). Loads are applied to tops of towers for tower and foundation analyses and to 
truss members in the superstructure analyses (in three dimension) for pushover analyses. 
The origin of loads was not clear in the documents reviewed, except that accelerations of 
O.lg and 0.2g for longitudinal and transverse directions respectively were generally 
applied to tops of towers with isolation bearings to account for bearing effects. 

Sound Analyses: Reasonable procedures using well-established criteria were employed 
in the evaluation of steel member capacities. Material properties appear reasonable. An 
upper bound material strength and resistance factor is a reasonable approach. Computer 
modeling, analysis, and design efforts were undertaken using commercially available 
software and recognized procedures. 

Confidence in model development and performance did not appear to be fully achieved. 
The requirement to achieve fully elastic behavior may have been too restrictive for a 
loading event expected to occur no more than once in the life of the structure. The 
relaxation of this requirement further into the evaluation process seems more reasonable 
and perhaps would lead to different conclusions if this strategy were pursued in the 
beginning. Results from testing of lattice members may have provided more confidence 
in structural performance of the existing members. 

Several advantages of concrete encasement over steel retrofit of towers were presented. 
However, little support for these contentions was provided. The argument that concrete 
towers can be sized for strength and ductility, does not require testing, does not require 
highly specialized labor and careful staging, requires shorter construction time, and 
provides easier installation for isolation bearings can be made for steel as well. 

Seismic Reliability: The seismic reliability of the retrofit of the cantilever superstructure 
cannot be assessed because Caltrans did not conclude their efforts to establish a viable 
retrofit strategy prior to the cessation of work on the retrofit effort. 

Other Alternatives: Several other strategies for support of the cantilever truss spans were 
evaluated including a cable system, an edge arch system, and external strut truss system. 
These alternatives included retrofitted towers and in some cases additional towers. These 
alternatives were evaluated qualitatively, with minimal analysis, and eliminated from 
further study. 

Cost Analysis: Not applicable. 
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6.G. Discussion of Contract 9,504' Trusses From E4 to E9, Tower E9 and 50 ft 
Long Deck Slabs Above E9 
Description: The East Span of the SFO BB includes five 504' truss spans between Pier E4 
and Pier E9. Project 9 includes retrofit of the 504' trusses, tower E9, and deck slabs 
above tower E9, and installation of isolation bearings. All five of the trusses are to be 
connected to form a truss train. Tower E9, 50-ft slab supports, and truss heel areas must 
be modified to accommodate installation and support of the isolation bearings. The 
proposed retrofit for the 504' spans is shown by the General Plan- 504' Span plans 
(Document 31). 

The proposed retrofit of the trusses involves installation of a horizontal edge beam along 
the length of each truss, reinforcement of vertical members, strengthening of the heel area 
adjacent to bearings, and strengthening of floor beam connections. The edge beam is 
located at approximately mid-height of the truss and is composed of a built-up 2' -8" by 
2'-5" box beam. The beam is to be installed in the same plane as truss members, so the 
beam intersects each vertical and lower diagonal member requiring a significant bolted 
connection at each intersection. Four vertical members on each truss will be retrofitted by 
replacing the existing lacing with new perforated cover plates. Rivet removal and 
temporary support of "un-laced" members will be required. Significant reinforcing of the 
heel area with plates and stiffeners and local strengthening of adjacent end posts and 
diagonal members is required. All connections between floor beams and the supporting 
truss will be strengthened. 

Tower E9 would have to be modified to provide a platform for jacking the trusses and 
installing the isolation bearings. Upper connections at each corner are to be strengthened 
by adding gusset plates and stiffeners resulting in significant bolted and welded 
connections. Tower diagonals are also to be reinforced by replacing lacing with 
perforated cover plates. 

Due to overall structural modifications, an alternate support system is to be provided for 
the 50 ft span deck slabs located above tower E9. Cantilever corbels are to be mounted to 
the adjacent floor beam to provide an extended seat for the stringers. In addition, deck 
expansion joints must be installed at each end of the upper and lower deck slabs, and 
sidewalks must be modified. 

Prior to installation of the isolation bearings, the top portion of the existing towers must 
be removed, anchor bolts for the bottom portion of the bearing must be installed, and 
adjacent truss heels must be connected. After the truss is jacked, the bearings are to be 
slid into position and the upper portion of the bearing is to be attached to the truss heels, 
and the lower portion bolted and grouted to the towers. Much drilling and specialized 
construction is involved. 

Appropriate Criteria: Although a formal statement of criteria is not provided by a single 
document, there is evidence in several documents [Documents 60, 61, 79, 309] that 
specific criteria for capacity determination and DIC limits were developed for retrofit of 
the 504' spans. The criteria have evolved over time with the most recent criteria 
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[Documents 61, 3 54] supporting a near lifeline condition (fully elastic response in the 
504' trusses to a maximum event with some offsets expected at the ends of isolated 
trusses). As outlined in Section 1, qualitative definitions of performance criteria have 
been provided. lt is also evident that member capacities were well defined using 
appropriate criteria and capacities were calculated for all primary structural members in 
the 504' trusses. Concise and well-defined analysis guidelines, however, are not included. 

Criteria for determining capacity of tension, compression and flexural members were 
developed through an extensive effort [Document 61]. Design criteria of AISC, 
AASHTO and CAL TRANS were each considered in development of guidelines. In 
addition, a specific study on the strength of latticed members [Document 373] was 
carried out to determine truss member strengths. Extensive efforts were undertaken to 
determine the capacities and section properties of each structural member. The need for 
retrofit was determined based on a D/C limit of 1.0. 

Geotechnical Considerations: Not Applicable. 

Seismic Considerations: For the superstructure, earthquake loads are based on 
accelerations of 0.2g in the transverse direction and 0.1 g in the longitudinal direction. 
This is justified on the basis that friction pendulum isolation bearings are used to support 
the structure. 

Sound Analysis: It is stated in various documents that linear, nonlinear and time-history 
analyses (THA) have been conducted. A global model of the entire east portion of the 
SFO BB, local truss models and detailed finite element models of various connections 
were developed and utilized. lt is not clear, however, how these analyses were 
coordinated. The documentation does not provide a clear statement on specific 
requirements on analysis type, description of required sequence for type of analysis, or 
how various analyses are inter-related. 

In a December 1996 presentation to the pier review panel, it is stated that linear 
(GTSTRUDL), nonlinear (ADINA), and dynamic time history analyses (THA) were 
conducted to determine the as built and retrofitted performance of the structure 
[Document 61]. A single span space frame model and a plane frame model of all five 
spans were developed. Additionally, several detailed models of various connections were 
developed. The time-history analysis (THA) is not described and no summary of results 
is provided. 

Special analyses were conducted for jacking and temperature. Finite element models 
were developed to model gusset plates at the truss support heel [Document 309]. 
Additionally, a temperature analysis was conducted. In the temperature analysis, it was 
assumed that the truss was fully expanded when the towers were retrofitted, and then 
after retrofit of the towers, the truss was allowed to contract with temperature. Shears at 
support points were checked to determine if sliding of the joint would occur. The 
document states that all shears were under the limit of 0.7 times the dead load reaction, so 
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sliding would not occur. This is inconsistent with the friction value of the isolation 
bearings, which is between 0.1 and 0.2. 

Static push analyses using a 3-D model were conducted for longitudinal and transverse 
loading [Document 58]. Static loads that are equivalent to 0.2 times the dead load were 
applied at end nodes for longitudinal analysis and at truss panel points for lateral analysis. 
Memberforce results were provided; however, the results do not correspond with any 
other results presented. Push analyses were not used to determine ultimate capacity and 
failure mechanisms of the truss. 

Analysis Results: In a January 1996 strategy meeting, existing structure and retrofitted 
DIC plots for a general 504' truss model were presented [Document 309]. In a December 
1996 peer review meeting plots for a general 504' model and for models that represent 
spans E4, E6 and E8 were presented [Document 61]. These apparent most recent results 
show that the retrofitted structure would have all members with a DIC of less than 1.0 
with exception of four vertical members in span 8 (all are less than 1.3). In early to mid 
1996, results for capacity calculations and demand to capacity ratios are shown by 
spreadsheet type printouts [Document 57]. Results in each document are consistent for . 
the general case 504' model; however, results for spans E4, E6 and E8 are not consistent. 
In no case are the input loads described. This presents some confusion in the 
interpretation of results and it is not clear exactly what type of analysis was conducted to 
determine the demands used in formulation of the results. 

There is evidence that appropriate analysis was carried out, but due to the inconsistencies 
and lack of summary, a definite conclusion cannot be made. 

Seismic Reliability: The retrofit strategy involves isolation of the superstructure so the 
superstructure demands are dependent on the performance characteristics of the isolation 
bearings. The reported analysis loads have been based on these characteristics; however, 
displacement demands are not well summarized. Given the conservative definition of 
capacity and conservative DIC limit, high seismic reliability is likely considering force 
effects on the structure. Regarding displacement effects, however, a solution to account 
for the effects of displacement demands and interaction with adjacent truss trains (impact 
between unattached segments of structure) has not been developed or is not documented 
appropriately. Furthermore, the global analysis was not conducted using retrofitted tower 
and foundation properties, so the isolation strategy was not verified. 

Considering only the structural aspects of the 504' truss spans (not including end of truss 
displacements), a lifeline condition is apparently met. The DIC limitation of 1.0 ensures 
elastic behavior in the superstructure trusses. 

Other Alternatives: Document 60 presents two alternative schemes. Both schemes would 
employ additional towers placed adjacent to existing towers. In the first alternative, the 
truss would be isolated from the existing tower and new additional towers would be 
constructed to catch an un-seated truss. These towers would be located under the bridge 
to the east and west of each pier. The second alternative would include a set of towers 

30 



Appendix 4. 

placed on either side of the bridge adjacent to each existing tower. These would not 
support the trusses, but would restrain lateral movement of the trusses during an 
earthquake. Analysis of towers was conducted and a planning budget level design was 
completed. These alternatives were examined to provide cost information for alternative 
schemes. 

Cost Analysis: The cost elements were developed by Cal trans in a GP level. Included are 
10% mobilization and 20% contingencies as standard at the GP level. At the time retrofit 
study was ordered discontinued, the cost estimates appear to be realistic and accurate for 
the GP level. It was not complete. 

6.H. Discussion of Contract 10, 288' Trusses 
Description: Contract 1 O includes all the superstructure work from piers YB 1 to E 1 and 
from piers E9 to E23. These spans include four 288' trusses between pier YBl and pier 
El on Yerba Buena Island and fourteen 288' trusses between pier E9 and pier E23. 

The retrofit strategy selected by Caltrans is to substitute isolation bearings for existing 
bearing shoes at various locations from pier E9 through pier E23 to reduce excessive 
relative truss displacements and to reduce shock due to impact. The trusses from pier E9 
to pier E 11 and from pier E 11 to pier E 17 are to be connected as in the existing condition. 
The trusses from E 1 7 to E23 are also to be connected in similar manner. The thermal 
expansion joints at piers YB 1, E 1, E9, E 11, E 17, and E23 at the ends of the truss train 
will be modified to allow for the significant displacement associated with the isolation 
bearings (Documents 146, 354, 360]. 

The truss vertical hanger members are to be strengthened to prevent excessive drift. New 
lateral bracings will be added and existing diagonal and vertical bracings will be 
strengthened to increase load carrying capacity and to allow load transfer to deck without 
inducing bending of the floor beams about their weak axes. Existing knee bracings will 
be upgraded to improve shear and torsion resistance. In addition, longitudinal bracings 
are to be added, reinforcement of connections between stringers and floor beams, 
diagonals, lower chords, upper chords, gusset plates, sidewalks, barriers, floor beams are 
to be strengthened, I-bar assemblies are to be added and new diagonal kickers will be 
installed to restrain upper deck floor slab movement (Documents 29, 79, 155, 158, 159, 
360]. 

Appropriate Criteria: The portions of the criteria referenced in Section 1, Criteria, that 
pertain to the evaluation and design of the 288' span superstructure include discussion on 
the allowable tensile, compressive, and shear capacities of the steel members, as well as 
gusset joint, shear and tensile rivet capacities. Acceptable DIC for both evaluation and 
design of steel members were also defined. 

In 1995, more refined guidance for the evaluation and retrofit design of latticed members, 
rivet and gusset plate connections were published by Caltrans, based on the work of its 
Steel Committee and other researchers (see also "Seismic Design of Components of the 
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East Bay Crossing" by A. Astaneh, 1995) in the so called white paper report [Document 
373]. 

Geotechnical Considerations: Refer to Section 3, Geological and Geotechnical Site 
Investigation. 

Seismic Considerations: Refer to Section 2, Seismic Evaluation. 

Sound Analysis: Caltrans' analysis approach is to start with a simple model and then add 
complexity to it gradually until the model captures all of the system's response to an 
acceptable degree [Document 357]. For the stand alone segment analysis, this involves a 
series of simple plane frames with beam elements in between subjected to seismic 
motions in both the longitudinal and transverse directions. If required, lumped masses, 
foundation flexibilities, plastic deformations, rocking motions, softening of soil modulus 
and etc. can also be included in the analysis. 

For all segment models in this project, some or all of the following types of the analysis 
were performed, 

• static push over analysis; 
• linear elastic 3D response spectrum modal analysis; 
• linear elastic time history analysis; 
• nonlinear time history analysis with geometric and/or material nonlinearities. 

Modeling Assumptions: Global baseline GTStrudl and ADINA models of all the existing 
East Bay Bridge spans were created to assess the overall seismic behavior and to capture 
interactions between adjacent spans, using different (rocking, fixed, soil spring) boundary 
conditions [Documents 180, 197]. The global results are useful for comparison with 
results from the local segment models. In some cases, global data were extracted and 
used as input for the local segment models. 

The 288' spans in the stand alone segment models were modeled by interconnected beam 
elements with lumped masses at the quarter points along the superstructure length 
between steel towers [Documents 76, 113]. The steel tower legs were assumed to be 
connected to the foundation by rigid links with translational and rotational springs. Rigid 
links were also used to account for connection stiffness (gussets). The contact surfaces 
were included at the bottom of the tower legs to allow for rocking motions. The pedestals 
supporting the tower legs were modeled as beam elements using actual stiffness. The 
masses of the foundation, pedestal, tremie, and enclosed water were modeled as a point 
mass, and this mass was attached to the end of a vertical rigid link. Gap elements were 
used at the top of the towers to model expansion joints. For retrofit analysis, base 
isolation bearings were modeled as springs with additional masses placed at the top of the 
piers. 

Damping is used to dissipate energy through deformation during seismic motions. The 
values used for the SFO BB studies range from 5% to 15% of the critical damping 
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depending on the type of system being analyzed and the level of peak deformation 
assumed [Document 72]. Each segment model was subjected to full static and dynamic 
loads with 3 dimensional (fault normal, parallel, and vertical) time histories. Time history 
analyses were carried out to 1 O, 20 and/or 40 seconds, with 0.02 increments. Different 
displacement time histories were applied to the base of each tower, accounting for wave 
passage, coherency, attenuation, and other local effects. Questions on damping and 
verification of selected strategy regarding the validity of global analysis are discussed in 
Section 4, Global Model. 

In analyzing the retrofitted superstructure, the stand alone local structural models were 
extracted from the global baseline model with all spans assembled as trains, assuming 
that all the 288' trusses are coupled both transversely and longitudinally [Document 146]. 
These segment models were analyzed as a series of lollipops, including refinements such 
as material nonlinearities, banging between adjacent spans and superstructure damping 
[Document 113]. Member geometric properties were based on the cracked section, and 
the inertia forces were based on maximum accelerations from ARS curves generated by 
Caltrans' Structure Foundations Section. 

The basic steps in the analysis procedures are: 

• establish demands using results from the global baseline model and perform stand 
alone analysis on the segment models; 

• establish member capacities using criteria discussed above; 
• strengthen member or redistribute loads to other members when the demand is greater 

than its capacity. 

Analyses conducted by Caltrans indicated that many members of the existing steel 
superstructure are overstressed. Some of these have the potential to buckle and induce 
instability. Connections were identified as possessing capacities below the capacities of 
the adjacent members. Given the large demand-to-capacity ratios reported in Caltrans' as­ 
built analyses, Caltrans felt that it would not be economical to retrofit all deficient bridge 
members such that they will behave elastically during major seismic events. 

The soundness of analysis cannot be determined independently by the COE Team. All 
analysis and design calculations are scattered in different documents provided by 
Caltrans. Most of these are incomplete and unorganized, with few narratives, figures, or 
tables describing what was actually done. Given the limited amount of time and the large 
volume of material that are available, it is not possible to thoroughly review each of these 
documents. However, it can be stated qualitatively that, in general, the analyses and 
design follow accepted current procedures and practice. 

Seismic Reliability: Given acceptance of the isolation strategy (not justified by the global 
analysis, see Section 4, Global Model), retrofit work of this contract satisfies the lifeline 
criteria. 

33 



I 
I 
I 
I 
I 
I 
I 
I 

Appendix 4. 

Other Alternatives: Different ways to strengthen the deficient structural members were 
evaluated by Caltrans to various degrees. Some of those that are listed below were 
eventually incorporated into the project: 

• "surgery" - remove existing members and joints one by one and replace with new 
ones [Document 358]; 

• modification - attach new plates, angles, beams and/or other structural shapes to 
stiffen existing members; 

• addition - add new, but separate plates, angles, beams and/or other structural shapes 
to existing structural system to redistribute demand loads. 

Cost Analysis: The cost elements were developed by Caltrans in a GP level. Included are 
10% mobilization and 20% contingencies as standard at the GP level. The cost estimates 
appear to be realistic and accurate for the GP level achieved at the time retrofit study was 
ordered discontinued. It was not complete. 

6.1. Other Alternatives 
Even though significant additional work would be necessary to complete the proposed 
retrofit scheme, Caltrans has adequately considered other retrofit alternatives. There is no 
other global retrofit alternative defined using a consistent retrofit strategy for the entire 
bridge. There are, however, many local alternatives that were explored in the 
development of each individual contract. Many of these alternatives were disregarded for 
various reasons prior to developing a detailed alternative design. In many cases, it was 
not possible to develop a complete and accurate cost estimate, and it is not possible to 
determine whether or not many of these alternatives would satisfy lifeline criteria. The 
design process is an evolving process in which many alternatives are given due 
consideration without completing a design and cost estimate. Because many factors 
control design decisions, complete and accurate cost analysis is not always necessary in 
the decision process. Some of the considered alternatives are summarized below. 

( 1) Regarding the towers, a steel strengthening and various concrete encasement 
seismic retrofit alternatives were considered. Concrete encasement was selected 
based on several factors. 

(2) Alternative foundation retrofit strategies were considered. These alternatives 
included ground improvement (grouting) schemes, small diameter piles, and large 
diameter vertical and battered steel piles with a new pile cap / load transfer 
structure above the water surface. 

(3) For the 504' span trusses, two alternative schemes that employ additional towers 
placed adjacent to the existing towers were considered. In the first scheme, the 
additional towers serve to restrain lateral movement of the trusses, and in the 
second scheme, the towers provide platforms to catch an unseated truss. 

(4) Several strategies for support of the cantilever truss spans were evaluated 
including a cable system, an edge arch system, a superstructure frame, a 
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substructure frame, and an external strut truss system. These alternatives included 
retrofitted towers and in some cases additional towers. These alternatives were 
evaluated qualitatively, with minimal analysis, and eliminated from further study. 

(5) There were two general retrofit alternatives considered for the existing caissons 
(E2 to ES). Alternative one is to install tiedown anchorages and the second 
alternative was to add large diameter pipe piles around the perimeter of the 
existing caisson with a concrete cap tied to the caisson. 
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Appendix 5. Review of Originally Proposed Replacement Alternative 
(Skyway or Viaduct Type Bridge) 

Purpose of Review: Review of this design alternative assists in answering Question 2 
from the scope of work. Question 2 as stated in the scope follows: 

Was Ca/trans' cost-benefit analysis comparing the originally proposed replacement 
alternative vs. the proposed retrofit alternative reasonable -- i.e., was it based on 
appropriate criteria and sound analysis, including consideration of realistic, accurate 
and complete cost figures? 

This alternative essentially is the least cost replacement alternative that provides the 
required seismic performance (lifeline). It was used by Caltrans in late 1996 and early 
1997 to compare cost of the retrofit alternative to a replacement alternative and was the 
primary basis for recommending replacement over retrofit. Replacement was 
recommended by Cal trans and the State of California in early 1997. This review 
primarily focuses on the appropriateness of the design effort as related to the 
alternative costs that were used in the comparison. A discussion of lifecycle costs is 
also given. 

Documents Reviewed and Chronology of the Skyway Design 

Doc Provided Description or Title Date 
No. by 
371B Caltrans Skyway Desizn Calculations - 300ft spans 03/96 
371C Caltrans Skyway Design Calculations - 500ft spans 08/96 
169 Ventry Value Analysis Summary of SFOBB Replacement 08/96 

Engr 
252 Caltrans "The Gray Report" Cost Estimate Investigation for the East Spans 09/96 

Replacement 
170 Ventry Value Analysis Summary of SFOBB Replacement Bridge Retrofit 09/96 

Engr Project - "Structural Report" 
23 Ventry San Francisco-Oakland Bay Bridge East Bay Crossing Replacement 12/96 

Engr Value Analysis Findings 

249 Caltrans "The Yellow Report" Replacement Study for the East Spans of the 12/96 
SFOBB Seismic Safety Project 

329 Caltrans Governor's Action Request (GAR) 02/97 
250 Caltrans RETROFIT VS. NEW BRIDGE 04/97 
263 Caltrans 30% Type Selection 05/98 
276 Caltrans Draft Environmental Impact Statement (DEIS) 09/98 
267 Caltrans Replacement vs. Retrofit 04/00 
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Description of Alternative: The originally proposed replacement alternative is generally 
described as haunched girder skyway structure and would follow the same alignment as 
any other replacement bridge. This type of structure makes up a significant portion of the 
SAS and Cable Stayed alternatives with the difference being in the main span. Document 
276 describes the Skyway Design as a structure constructed of either concrete or steel, 
supported from under the bridge by piers. With this structure type, each bridge would be 
constructed as a separate, independent structure. Under the skyway design alternative, 
spans over the navigation channel area could be a maximum of 490-550 feet in length 
which would require 3 spans as compared to the 2 spans for the self anchored suspension 
and cable-stayed alternatives. It is noted that there were several variations of the skyway 
alternative over time and subsequently several different cost estimates. Indeed, the cost 
estimate used in two of the primary reports (docs 249 and 250) that demonstrated the 
lifecycle cost superiority of the replacement over the retrofit approach was a composite of 
several different replacement alternatives including cable stayed. 

Geotechnical Consideration: Geotechnical information for the 1996 designs was 
extrapolated from the retrofit alternative. Site-specific geotechnical data was developed 
for the 1998 design. 

Seismic and Earthquake Consideration: Site-specific seismology for the retrofit 
alternative was utilized for the 1996 replacement designs. This essentially included the 
response spectras for six different ground motions. The 1998 design also utilized the 
retrofit ground motions as the updated ground motion data was not yet complete. A 
significant effort was exerted in defining the seismic setting for the SFOBB. Rock 
motions were determined and propagated through developed soil columns to provide a 
series of site-specific time histories and response spectra at appropriate foundation levels. 
Rock motion was propagated using equivalent linear (SHAKE) and nonlinear analysis. 
Soil-Foundation-Structure Interaction analyses were also performed. 

Sound Analysis/Design Criteria: The following documents were reviewed that contain 
design information and/or calculations related to the originally proposed replacement 
alternative (skyway/viaduct). 

1) Documents 3 71 B and 3 71 C contain design calculations that appear to be for the 
viaduct designs contained in document 252 with 3 71 B including designs of 300 ft 
spans and 3 71 C including designs of 500 ft spans. 

2) Document 252 contains design criteria, drawings and cost estimates for the 
preliminary replacement alternatives. The originally proposed replacement 
alternative is not actually included in this document though a similar 
skyway/viaduct alternative is. 

3) Document 170 contains seismic design calculations (pushover analyses, column 
design, foundation evaluations), drawings and cost estimates for the V A 
al ternati ves. 

4) Document 263 contains 30% design level drawings, design criteria, costs, 
geotechnical data and selected analysis results and discussions. The Skyway was 
analyzed using a SAP2000 global model that included nonlinear springs and 
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beams to represent the pile foundations. Response spectrum analysis was used 
with this model. ADINA was used to perform 2D and 3D parametric analyses of 
the pile foundations (soil-foundation-structure interaction). This included 
nonlinear soil properties and inelastic properties of the piles and columns. 

The design and analysis for the originally proposed replacement appears to be reasonable 
and appropriate for the level of design. The more detailed 1998 design confirms the 
adequacy of the earlier designs. 

Seismic Reliability - Lifeline Criteria or No Collapse: The design intent of the originally 
proposed replacement alternative was to meet lifeline criteria, with seismic events 
defined and the expected performance for the events given [Document 252]. Ductility 
and displacement goals are also given (Document 252]. The 1996 versions of this 
alternative were based on preliminary design efforts (appropriate) and therefore the 
design to lifeline criteria is not actually demonstrated; however, based on the provided 
design documents it is clear that Caltrans and various consultants felt very comfortable 
that this bridge type could be designed to lifeline standards and that this bridge type 
would provide the best seismic performance, i.e. better than cable stayed or suspension 
bridges. Caltrans' 30% design (1998) describes a more refined design effort with 
performance criteria, site-specific data and selected design/analysis results though no 
actual calculations/analyses were provided [Document 263]. It is concluded, based on 
the documents provided and engineering judgment, that this bridge type would provide 
better seismic performance than the other alternatives due to its relatively simple design 
and construction. The designs used for the comparison to the retrofit are reasonable and 
appropriate for the intended purpose and are representative of a lifeline bridge. The 
skyway design, which was completed after the replacement versus retrofit decision, 
appears to confirm the earlier designs and cost estimates [Document in 263 J. 

Cost Figures - Realistic, Accurate and Complete: Though there were variations in the 
alternative over time and different reported costs, it does appear that reasonable first cost 

· figures were developed for the originally proposed replacement alternative and the cost 
figures used in the primary decision reports may have actually been conservative. 

Reported Costs for SkywayNiaduct Alternative 

Doc Provided Description or Title Date Reported 
No. by Cost (1) 
169 Ventry Value Analysis Summary of SFOBB Replacement 08/96 605 

Enzr 
252 Caltrans "The Gray Report" Cost Estimate Investigation for the 09/96 NA (2) 

East Spans Replacement 
170 Ventry Value Analysis Summary of SFOBB Replacement 09/96 660 

Engr Bridge Retrofit Project - "Structural Report" 
23 Ventry San Francisco-Oakland Bay Bridge East Bay Crossing 12/96 797 

Engr Replacement Value Analysis Findings 

249 Caltrans "The Yellow Report" Replacement Study for the East 12/96 987 (3) 
Spans of the SFOBB Seismic Safety Project 
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Appendix 5 

Doc Provided Description or Title Date Reported 
No. by Cost (1) 
329 Caltrans Governor's Action Request (GAR) 02/97 1,075 
250 Caltrans RETROFIT VS. NEW BRlDGE 04/97 990 
263 Caltrans 30% Type Selection 05/98 1,100 (4) 
276 Caltrans Draft Environmental Impact Statement (DEIS) 09/98 1,200 (4) 
267 Caltrans Replacement vs. Retrofit 04/00 1,170 

( 1) Millions of$, Includes Construction and design costs, including approaches, demo, 
interim retrofit, temporary structures. 

(2) Report did not include original replacement alternative, however a similar viaduct 
structure was presented with a $531/SF cost. 

(3) Average of 4 different replacement alternatives including 2 cable-stayed and 2 viaduct 
types. 

(4) 1998 dollars, DEIS included rounding otherwise the same as 30% Type Selection 

Life-Cycle Cost: Documents 23, 249 and 250 address the life-cycle costs of the retrofit 
alternative and the originally proposed replacement alternative. These documents all 
make the same conclusion, i.e. that the replacement approach is much more desirable 
from a lifecycle cost standpoint. Based upon the data received it is difficult to confirm 
some of the actual numbers ( and methodologies) used in the economic or lifecycle 
analyses; however the analyses appear to address the significant issues and costs. The 
lifecycle analysis appears to be reasonable and realistic. Given the initial costs of the 
proposed retrofit and the originally proposed replacement being similar, from a 
qualitative point of view it appears, even without performing the actual 
lifecycle/economic analysis, that the replacement would be preferred. (Seismic 
reliability, operations and maintenance, traffic issues, etc.) 

The lifecycle cost as presented suggest that the decision to select a replacement 
alternative may have been made even if the retrofit alternative costs were substantially 
less. 

Summary: The design for the originally proposed replacement was based on appropriate 
criteria and sound analysis, which results in realistic, accurate, and complete costs. 
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