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1. Executive Summary
The Columbia River Crossing (CRC) project convened a panel of bridge and geotechnical
engineers (the Panel) with relevant seismic design and retrofit experience to consider and discuss
critical issues concerning the seismic vulnerability and retrofit possibilities of the existing I-5
Interstate Bridges.
The Panel was asked by the CRC project team to specifically address three questions. The
questions and the responses from the Panel are as follows:
1. Is it feasible to retrofit the existing structures? If so, how?
Yes, it is technically feasible to retrofit the existing bridges to the current seismic safety
standards. The Panel identified expected vulnerable elements of the bridges and discussed
potential retrofit concepts to address these vulnerabilities. Retrofit concepts could include
strengthening or replacing significant portions of the existing bridges.
2. How would a retrofit affect the existing structure with regard to 4(f) sensitivities?
For the purpose of protecting the structures' historic significance, the design effort can
minimize changes in the structures’ appearance. Examples of this include:
○

Foundation and pier strengthening could follow the outline of the existing bridge
elements, and although the resulting elements would be larger, there would be
minimal visual impact.

○

Bearing retrofit or replacement would be virtually unnoticeable to the untrained eye.

○

If truss member strengthening and tower reconstruction is required, member shapes
could be reasonably replicated.

3. What is the cost to seismically upgrade the existing bridges?
The Panel discussed and developed their opinion of estimated raw bridge construction
costs to retrofit both bridges. This opinion ranges from $88 million to $190 million. This
opinion of cost increases from $125 million to $265 million when design, permitting,
right-of-way, construction inspection and management, agency oversight, and
contingencies are added. (Note: The Expert Panel determined an opinion on ranges of
construction costs and did not estimate the added costs.)
Discussion of these issues and others, including recommended next steps for more clearly
defining the retrofit, if needed, are developed in more detail in the body of this report.
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2. Introduction
As part of the Alternatives Analysis, the CRC project team will recommend which alternatives to
drop and which to carry forward into the Draft Environmental Impact Statement (DEIS). These
recommendations will include narrowing the river crossing options, with a key choice being
whether to remove or keep the existing bridges over the Columbia River. The “replacement”
alternatives would remove the existing I-5 bridges and build new structures. The “supplemental”
alternatives would keep the existing bridges in addition to building a new structure.
One of the key factors in considering the "reuse" of the existing bridges (in the Supplemental
Alternatives) will depend on the required level of seismic upgrading to withstand loss or
significant damage from a major earthquake, and meet the current standards for highway bridges.
Questions that need to be answered include:
1. What is the seismic vulnerability of the existing bridges?
2. Is it feasible to retrofit them to current seismic safety standards?
3. What retrofit would be needed for the various uses (interstate, arterial, Bus Rapid Transit,
Light Rail, bike/pedestrian)?
4. How would these upgrades change the bridges' appearance?
5. What is the cost to seismically upgrade the existing bridges?
Limited existing information is available to answer these questions. In 1995, ODOT contracted
with DGES, Inc. to perform a limited seismic vulnerability study which concentrated on the lift
spans, truss span pier foundations, and the typical span bearings. This study did not include
subsurface investigation or foundation analysis. Cost estimates were based on information
developed in the study and simple extrapolation to the entire structure. This gross approximation
of the vulnerability is considered in the Panel’s discussions and referenced occasionally in this
report.

2.1 Use of an Expert Review Panel as a First Screening Step
The CRC project team convened a Panel of experts with relevant experience in seismic retrofit
projects to conduct a “reasonableness” response to the above questions. CRC project team
members from David Evans and Associates, Inc. (DEA) and Parsons Brinckerhoff (PB), under
Professional Services Consultant Agreement No. Y 9245 with the Oregon Department of
Transportation (ODOT) and the Washington Department of Transportation (WSDOT), organized
and assembled the Panel members.
In a two-day workshop held August 28 and 29, 2006, the Panel considered the potential and
expected seismic risks and provided conceptual retrofit solutions and an opinion of the
construction costs associated with the concepts. To estimate the construction costs for the
Alternatives Analysis, approximations of member size, extent of retrofitting, and unit cost
averages from similar retrofit projects were used.
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The Panel members and their role in the project are listed in Table 2-1. Table 2-2 lists workshop
attendees who were observers.
Table 2-1 Seismic Expert Panel Members
Participants

ROLE

ORGANIZATION

Jugesh Kapur, P.E., S.E.

State Bridge Engineer

Washington DOT

Bruce Johnson, P.E., S.E.

State Bridge Engineer

Oregon DOT

Bill Hegge, P.E.

Geotechnical Engineer

Washington DOT

Jan Six, P.E.

Geotechnical Engineer

Oregon DOT

Tim Rogers, P.E.

FHWA Bridge Engineer

OR-FHWA

Mark Hirota, P.E.

Chief CRC Bridge
Engineer

Columbia River
Crossing/PB

Frieder Seible, P.E.

Panel Consultant,
Bridge Engineer

David Evans & Assoc.

Steve Thoman, P.E., S.E.

Panel Consultant,
Bridge Engineer

David Evans & Assoc.

Farid Nobari, P.E.

Panel Consultant,
Bridge Engineer

Parsons Brinckerhoff

Joe Wang, P.E.

Panel Consultant

Parsons Brinckerhoff

Thomas Cooper, P.E.

River Crossing Bridge
Design Engineer

Columbia River
Crossing/PB

Table 2-2 Others Attending All or Parts of Meetings
ATTENDEES

ROLE

ORGANIZATION

Kris Strickler, P.E.

Deputy Project Director

CRC

Lynn Rust, P.E.

Engineering Manager

CRC

Frank Green, P.E.

Assistant Engineering
Manager

CRC

Jay Lyman, P.E.

Project Manager

CRC/DEA

Ron Anderson, P.E.

Deputy Project Manager

CRC/DEA

Tom Hildreth, P.E.

CRC Engineering
Manager

CRC/PB

John Horne, P.E.

Geotechnical Engineer

PB

Matt Deml, P.E.

Senior Bridge Engineer

CRC/PB

This report documents the results of the Panel’s discussions during the workshop and
summarizes the conclusions and recommendations of the Panel.
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2.2 Relevant Background Information of the Structures
The northbound bridge was built in 1917, originally with a flat grade. It was the first bridge built
across the Columbia River and is listed in the National Register of Historic Structures. The
through-truss superstructure is comprised of laced steel members, which are typical for structures
of that era.
The southbound bridge, which is similar to the 1917 bridge, was built in 1958. Instead of laced
steel members, the superstructure consists of perforated steel plates. This was also typical for
structures of this era. At the same time, the 1917 structure was revised to provide for a better
(higher and wider) ship channel. This reconstruction work included replacing two short spans
with one long span and adding the hump, to make the older structure configurations compatible
with the southbound structure.
Both bridges include an operable vertical lift span at the northern end near the Vancouver shore.
The bridges’ superstructures are supported on rocker bearings, concrete piers, and timber piles
that extend into the alluvium river bed material, but not to rock.
There is little to no information available for the foundation and pier construction of the 1917
bridge. As a result, there is little or no information regarding the pile capacity and pile tip
elevations. There is also little or no data on reinforcement in the piers, so the level of seismic
performance can only be estimated from the reinforced concrete jacket applied during the 1958
retrofit. Pile records were available for the 1958 bridge and the remedial pile foundation work
performed on the 1917 bridge at this time. These records include “As-Constructed” pile tip
elevations and this information was very useful in evaluating the effects of liquefaction on the
lateral stability of both existing bridges.
As a part of the regular ODOT bridge inspection process, some investigation of the existing
footings/scour holes has been done. These investigations include the following observations:
•

Pile caps (underwater) have 3 feet to 27 feet of exposure.

•

There is no visible undermining of the pile caps.

•

No piles are exposed.

Potential Alternatives for the Columbia River Crossing Project
The Alternatives Analysis has identified 12 Alternatives for crossing the Columbia River.
Alternatives 1 and 2 consider no action or only Transportation System Management (TSM)
improvements and do not include any structural modifications. Alternatives 3 through 7 keep and
reuse the existing structures in some capacity – either for carrying mainline I-5 (Alternative 3) or
in conjunction with a supplemental structure to carry some portion of I-5 traffic and/or other
modes of transportation such as light rail, buses, pedestrians, local roadway, etc. Only
Alternative 3 places all of the mainline I-5 traffic on the existing structures.
Alternatives 8 through 12 call for removal of the existing structures and replacement with new
structures to carry all modes of transportation required.
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2.3 Previous Seismic Study
In 1995, ODOT commissioned David Goodyear Engineering Services, Inc. (DGES, Inc.) to carry
out an abbreviated and simplified study of the seismic performance of the bridges. The scope of
the study did not include liquefaction assessment, soil structure interaction, and non-linear
behavior of members within seismic load paths, and was conducted for an earthquake event with
a 500-year return period, only. The study only considered the lift span and then extrapolated the
analytical results to the fixed spans.
The study identified the following seismic deficiencies in the structure for the 500-year event (it
should be noted that ODOT and WSDOT desire a 500-year serviceability and a 1,000-year nocollapse performance criteria for a seismically retrofitted structure of this type and location):
•

Bearings are inadequate (stability and shear at anchorages).

•

Piles will have uplift forces, yet very limited uplift capacity exists between the pile cap
and piles.

•

Piles are overloaded in shear.

•

Piles were not checked for bending, but are likely overloaded.

•

Piers have steel reinforcing ratios below current code requirements (where pier
reinforcement data is available).

•

Piers do not have ductile details (confinement steel), required for inelastic performance
expected in a 1,000-year event.

•

Piers have marginal shear capacity for a 500-year event.

•

The infill pier walls have little reinforcement and the connections between the piers and
wall are inadequate for structural coupling between the bridge piers.

•

Lift span tower members are overstressed.

Overloaded truss members include buckling for nearly all “X” bracing members, buckling of
lateral cross frames and portal cross frames, inelastic behavior of bottom lateral diagonals, and
bending/buckling of truss vertical members.
Based on a traditional retrofit approach, the DGES, Inc. report provides an estimated seismic
retrofit cost of $47 million for the foundations and $6.3 million for bearings (an isolation system
was suggested as part of seismic retrofit strategy, but no analysis of this approach was carried
out). The estimates did not include cost for retrofitting the piers, substructure, or lift span
mechanical and electrical systems. These cost estimates did not include soft costs such as project
administration, design, traffic control, or construction inspection. The estimates were based on
1995 unit costs. Liquefaction (which is now known to be the most significant concern for these
structures) was not considered in the retrofit strategy for the foundation retrofit.
The analyses did not include modification of the seismic forces to represent non-linear behavior
of members, fusing of bearings, etc. As a result, the forces and displacements determined in the
study, while indicative of general behavior and deficiencies, are gross estimates.
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Other areas of potential vulnerabilities include: expansion joint performance, buckling of gusset
plates, inadequate force transfer between gusset plates and members, strong member/weak
connection issues, and lack of diaphragm action of the concrete deck.
Recent Liquefaction Study
Preliminary geotechnical investigations conducted by WSDOT in-house geotechnical staff in
August 2006 (that are not part of the DGES, Inc. report) indicate that the site will likely
experience liquefaction during a 500-year seismic event (to depths of about 50 feet, and to depths
of about 60 feet under the 1,000-year event). The potential for loss of lateral support from such
liquefaction will require that major retrofit work be performed on the foundation system (likely a
complete supplemental system) should the structure retrofit proceed. This is discussed in detail
later in this report.
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3. Seismic Retrofit Criteria
Foremost in determining the vulnerability and appropriate retrofit measures for any structure is a
determination of the appropriate seismic loadings and levels of performance to be expected. For
major structures throughout the U.S. and including the retrofit program for the California Toll
Bridges, it is common practice to specify dual level earthquake and performance levels (i.e.,
Serviceability and No-Collapse.)
A Serviceability level can be defined in several ways:
•

Require that damage is limited to that which will still allow the structure to function as an
evacuation route and an emergency access route for reconstruction.

•

Limit damage to only occurring on “secondary” members – those elements that will not
impact use of the structure significantly and that can be inspected and repaired in a very
brief period (i.e., 24 to 48 hours) or under traffic.

•

Prohibit damage entirely by keeping the structural responses within the elastic range for
the prescribed seismic event.

Defining the required level of service is important to determining the level of seismic retrofit
since it will have a direct relationship to the types and extent of the retrofit. For example, in the
case of piers which must remain serviceable and free of major repair following a design
earthquake, the allowable strain in the pier reinforcement and concrete must be limited to
prohibit permanent damage. Higher levels of allowable damage (and hence higher levels of
repair following the design earthquake) will result in a “lesser” level of retrofit, or even a
different approach to retrofitting.
A retrofit strategy that only results in a “no-collapse” level of performance can permit significant
damage as long as collapse is prevented and there are no types of damage which could pose a
threat to public safety.
In addition to the levels of performance, the Seismic Design Criteria must also define the level of
design earthquakes to be considered, typically in terms of return period. This is commonly
referred to as the Seismic Hazard. Two dominant sources contribute to the seismic hazard along
the Bridge Influence Area:
•

Portland Hills Fault (PHF) Zone (along the base of the West Hills).

The PHF is 6 km from the bridge site. The Maximum Credible Earthquake (MCE) on this
fault is M 6.8. This event can result in peak ground (rock) accelerations (PGA) of 0.4 g to 0.7 g.
•

Cascadia Subduction Zone (CSZ) off the Pacific Coast.

The CSZ is 100 km from the bridge site (along the coast). The MCE on this fault is
M 9.0. Because of the distance from the site and the subsequent attenuation of the ground
motions, the PGA is only 0.1 to 0.2 g. However, because of the type of fault (subduction zone),
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more than one (1) minute of strong motion shaking can be expected and the resulting
liquefaction potential may be roughly equivalent to that caused by the closer PHF.
No active faults are known to traverse the Bridge Influence Area. The United States Geologic
Survey (USGS) 2002 PSHA reveals the following rock PGAs for the Bridge Influence Area:
•

0.42 g for 2,500-year recurrence.

•

0.27 g for 1,000-year recurrence.

•

0.19 g for 500-year recurrence.

No additional sources are expected to be added to the next iteration of USGS maps that would
affect the seismic hazard along the Bridge Influence Area. It is unclear how the attenuation
model changes in the next generation of USGS maps, and how it will affect the hazard along the
Bridge Influence Area.

3.1 Study Events – Return Periods
Based on the input of ODOT and WSDOT State Bridge Engineers and with concurrence of the
Panel, three sets of earthquake loading-performance goals were considered in evaluation of
potential retrofit scenarios. These corresponded to the following return periods and service
levels:
1. 100-year serviceability with 500-year non-collapse performance criterion.
2. 500-year serviceability with 1,000-year non-collapse performance criterion.
3. 500-year serviceability with 2,500-year non-collapse performance criterion.
For the CRC project alternatives that use the existing structures for arterial, pedestrian and
bicycle, or transit (i.e., the Supplemental alternatives with Agency oversight), the 500-year
serviceability with 1,000-year no-collapse performance criterion was selected since it is
consistent with the criteria for other retrofitted structures in Oregon and Washington.
For Alternative 3, ODOT and WSDOT State Bridge Engineers stated that the 500-year
serviceability with 1,000-year non-collapse performance criterion would also be appropriate
since it is consistent with existing seismic retrofit criteria, even though construction of a new or
supplemental bridge would require the application of the 2,500-year event, which was selected
by the Agencies for the “No Collapse” service level for the new structures. The Panel does not
concur with this approach for defining the Design Criteria for Alternative 3 because they view it
as not consistent with the level of performance for the new structures.
The 100-year serviceability with 500-year non-collapse performance criterion was reserved as
lower bound criteria for use only if the cost of retrofit to the 1,000-year event was excessive.
However, based on the Panel study, the difference between the 500-year no-collapse and 1,000year no-collapse criteria was estimated not to be excessive. Even though the 500-year nocollapse is used in Washington as a retrofit criterion for typical bridges, the importance and
critical nature of this crossing was found to justify the higher 1,000-year criteria.
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4. Approach to Evaluation
In evaluating the retrofit options, the Panel considered the previous (though limited) seismic
evaluation conducted in 1995, the eras in which the structures were designed and constructed,
past similar vulnerability and retrofit studies of other major river crossing structures, and most
importantly, the liquefaction analysis results recently completed by WSDOT.
Based on the results of the liquefaction analysis and the expected levels of shaking for the design
events, one must assume that the subsequent loss of lateral (and possibly also vertical)
foundation support associated with liquefaction at the depths noted will result in overall
instability of the structures. For this reason, the Panel considered full retrofit of the foundations
and a commensurate retrofit of the piers to provide the strength and ductility required for the
target performance.
In order to achieve serviceability in the superstructure and bearings, these elements were also
considered for retrofit. Retrofit strategies and techniques that were successful on other similar
projects were considered as likely options for the retrofits on the Interstate Bridges.

4.1 Conceptual Retrofit
Foundation and Pier Retrofit: The foundations will comprise the largest element and cost of the
retrofit. Two alternatives were considered: one that retrofits the foundations at the pile cap level
and below and one that constructs a new pile cap at or above the water level. For costing
purposes, both options assumed pile groups that consist of large (8 feet to 12 feet) diameter
shafts around each pier, and that the piles would be up to 200 feet long, reaching far below the
liquefaction layers and to or nearly to the Troutdale formation (rock).
Having the new pile cap at or above the water level could eliminate the need for cofferdams. The
lower range of values reflects this alternative. The higher-end costs include a cofferdam and
work below the water line.
For the retrofit of the piers, primarily to provide additional ductility, the concept assumes that #8
welded hoops are placed at 6-inch spacing along the entire face of the pier. This includes drilling
through the in-fill walls between the columns and running the hoops through the drilled holes.
The entire pier would then be encased in a shotcrete jacket either 6 inches or 12 inches thick.
These concepts are shown in Figures 4-1 and 4-2.
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Figure 4-1. Foundation and Pier Retrofit Alternative 1
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Figure 4-2. Foundation and Pier Retrofit Alternative 2
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Bearings

Bearings are assumed to be replaced or retrofitted for strength. The cost opinions reflect both of
these alternatives. No relevant data was available to the Panel to determine optimum bearing
types and/or sizes.
Vertical catcher/jacking blocks were assumed to be added at all piers, as were lateral and
longitudinal restrainer assemblies.
Superstructure

A minimum level of member replacement and retrofit was assumed to be required to provide for
a superstructure that would not experience damage. A weight of additional superstructure steel
was estimated at 10 pounds per square foot of deck based primarily on the retrofits of major steel
truss bridges in California; namely, the I-80 Carquinez, I-580 Richmond-San Rafael, and I-680
Benicia Martinez toll bridges.
The Lift Span Towers were assumed to be replaced in parts and phases, as there are several
deficiencies related to the up position of the counterweights and/or the lift spans. The costs of
mechanical and electrical modifications or upgrades were not considered.
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5. Cost Opinions
A range of cost opinions is provided below for the concept retrofit for each element. The range
of costs was determined by very rough approximations using element sizes and costs from
previous retrofits and experience and has been escalated (roughly) to 2006 dollars.
Performance
Cost Range –
Serviceable
Seismic Design
Criteria
100y –
Serviceability &
500y – No-Collapse

500y –
Serviceability &
1,000y – NoCollapse

500y –
Serviceability &
2,500y – NoCollapse

Level
Cost Range –
No-Collapse

Low

High

Low

High

Foundation

$50

$100

$50

$100
$30

Pier

$10

$30

$10

Bearing

$6

$6

$6

$6

Superstructure

$22

$31

$22

$31

Subtotal

$88

$167

$88

$167

Foundation

$55

$105

$55

$105

Pier

$10

$30

$10

$30

Bearing

$9

$9

$9

$9

Superstructure

$26

$36

$26

$36

Subtotal

$100

$180

$100

$180

Foundation

$60

$110

$60

$110

Pier

$10

$30

$10

$30

Bearing

$13

$13

$13

$13

Superstructure

$29

$40

$29

$40

Subtotal

$112

$193

$112

$193

(Note: Values are in million dollars)
Lifecycle costs were not considered explicitly by the Panel, though in determining the real cost
of keeping the existing structures, a complete LC cost analysis would be prudent.
Qualifiers

Due to the limited available data and seismic analyses as well as the short duration of the
workshop, the Panel makes no guarantees as to the accuracy of the raw construction cost
estimates/opinions provided. Only raw bridge construction costs were considered, which do not
include soft costs such as project administration, design, traffic control, or construction
inspection. Values shown are in 2006 dollars.
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6. Next Steps
The panel identified the following steps which are recommended to determine a more reliable
understanding of the vulnerabilities and potential retrofits and construction cost estimate, which
would be necessary as part of the DEIS should the alternatives that include keeping the existing
structures move into the DEIS phase.
•

Simple push-over analysis can be conducted to get a better idea of the seismic load paths,
deficiencies, and rehabilitation that would be required at the foundations/piers.

•

Compare similar projects (e.g., California toll bridges) and the DGES, Inc. reports to
calibrate and adjust for this site and to determine the superstructure and bearing retrofits.

•

Perform preliminary design verification of retrofit schemes for foundation and pier
elements.

•

Estimate the bearing replacement size and reconstruction requirements.

•

Compare lbs/sf cost for steel retrofit based on California toll bridges.

•

Perform quantity takeoff for cost estimates, given the cases in the table above, and
expand for each bridge.

•

Review the bid tabs from similar projects (e.g., California toll bridges) to use as a cross
check for reasonability of the estimates derived above.

•

Complete the ongoing geotechnical study to validate the preliminary findings presented
in this report.

•

Prepare a tech memo (or report) summarizing the tasks above.

6.1 Other issues for consideration
Impact of pier modifications on navigation channel:
Significant retrofit to the existing piers could impact the available width of the navigation
channels.
Aesthetics and importance of maintaining historical perspective:
Similar structures with historic significance have been retrofitted, both in the superstructure and
substructure, to comply with the requirements for preservation of historic structures. If
approached with care and consideration of these requirements, the retrofit can be accomplished
without severe (though still “significant”) impacts to the historic character of the structures.
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7. Summary
The primary hazard posed to the bridge is liquefaction of the supporting soils during a seismic
event. A seismic retrofit of the existing I-5 Interstate Bridges is not only feasible, but is also
recommended for any future use of the bridges. Retrofit strategies can be developed which
would have minimal effect on the appearance of the bridge. A conceptual cost opinion of $88
million to $190 million for raw construction was determined by the Panel, based upon three
different seismic hazards and two levels of performance. Although further analysis and
refinement of a retrofit scheme and associated cost are needed to get an accurate number,
decision makers can use the cost estimates given in Section 5 to gain an appreciation for the
magnitude of cost associated with seismic retrofitting of the bridges to different levels of
performance.
Further documentation of the workshop proceedings is included in Appendices A, B, and C
following.
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Meeting Summary
MEETING:

Seismic Vulnerabilities Study Panel

MEETING DATE:

August 28 – 29, 2006

ATTENDEES:

FROM:

Panel Members

Mark Hirota (Chair) PB, Jugesh Kapur and Bill
Hegge- WSDOT, Bruce Johnson and Jan SixODOT, Tim Rogers- FHWA, Steve Thoman- DEA,
Frieder Seible- UCSD, Tom Cooper, Farid Nobari
and Joe Wang-PB

Guests

Kris Strickler, Lynn Rust, Frank Green- WSDOT,
Jay Lyman and Ron Anderson -DEA, John Horne
and Matt Deml-PB

Matt Deml

The following is a meeting summary which includes meeting minutes and subsequent comments expressed
by panel members.
Purpose of the Study Panel
The disposition of the existing bridges is unknown at this time.
The purpose of this panel is to consider and respond as well as reasonably possible within the limited
time the following questions
■

Is it feasible to retrofit the existing structures for seismic loads? If so, how?

■

How would retrofit affect the existing structure with regard to 4(f) sensitivities?

■

What are the costs associated with retrofitting the structures?

■

Within the context of the Environmental process currently being undertaken, what additional steps
should be taken to properly address the issue of seismic retrofit of the existing I-5 Interstate Bridges?

Background of the Structures
The Northbound bridge was built in 1917, originally with a flat grade. It was the first crossing of the
Columbia River.
The Southbound bridge was built in 1958. At the same time, the 1917 structure was retrofitted to provide
a better opening for river traffic. This included replacing two short spans with one long span and
modifying piers and bearings to match the profile of the newer structure, increasing the vertical clearance.
Bridges consist of steel through truss superstructures, rocker bearings, concrete piers, timber piles, and
lift spans.
Little to no information is known about the foundation and pier construction of the 1917 bridge.
■

There is little or no pile information is available regarding the pile capacity and pile tip elevations

■

There is little or no data exists on reinforcement in the piers

Some investigation of the existing footings/scour holes has been done.
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■

Investigations show that footings (underwater) have 3’ – 27’ of exposure.

■

No undermining of the footings was observed.

■

No piles are exposed.

Previous Seismic Study
In 1995, ODOT commissioned David Goodyear Engineering Services, Inc (DGES). to study the seismic
performance of the bridges on a limited scope and budget agreement.
The study did not take into account liquefaction, soil structure interaction, non-linear behavior of members
and system, and was conducted for a 500-year spectra. The study only considered the lift span and then
extrapolated the analytical results to the fixed spans.
The following deficiencies were found for a in this study for a 500-year event:
■

Bearings are inadequate (stability of the high profile bearings, and shear strength of the anchorages)

■

Piles will have uplift forces, yet no uplift capacity between the pile cap and piles. (Note that the pile
embedment through the concrete seal will result in potential of rocking of the footing on top of the
seal).

■

Piles are overloaded in shear.

■

Piles were not checked for bending, but are likely overloaded.

■

Piers have steel reinforcing ratios below current code requirements (where pier reinforcement data is
available.)

■

Piers do not have ductile details (confinement steel), required for inelastic performance in a 1000 year
event.

■

Piers have marginal shear capacity for a 500 year event.

■

The infill pier walls have little reinforcement and the connections between the piers and wall are
inadequate for structural coupling between bridge piers.

■

Lift span towers are overstressed

Overloaded truss members include:
■

Buckling for nearly all “X” bracing members,

■

Buckling of lateral cross frames and portal cross frames,

■

Inelastic behavior of bottom lateral diagonals, and

■

Bending/buckling of truss vertical members.

An isolation system was suggested as part of seismic retrofit strategy.
The DGES reports estimated a seismic retrofit cost of $47 million for the foundations and $6.3 million for
bearings.
The estimates did not include cost for retrofitting the piers, substructure or lift span mechanical and
electrical systems. These cost estimates did not include soft costs such as project administration, design,
traffic control, or construction inspection and support. The estimates were based on 1995 unit costs.
Liquefaction was not considered in the foundation retrofit strategy.
The analyses the study used did not chase the seismic forces to logical conclusions (non-linear behavior
of overloaded members, fusing of bearings, etc. were beyond the scope of work). The forces and
displacements determined in the study, while indicative of behavior, are gross estimates.
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Other areas of potential vulnerabilities include expansion joint performance, buckling of gusset plates,
inadequate force transfer between gusset plates and members, strong member/weak connection issues,
and lack of diaphragm action of the concrete deck.
Preliminary geotechnical investigations, conducted by the state agencies in August of 2006 (that are not
part of the DGES Report), indicate that the site will experience liquefaction almost at a 100 year seismic
event. Liquefaction potential will result in major work being performed on the foundation system, likely a
complete supplement system. This is believed to be the most significant element of required seismic
retrofit, for both structures, for any event larger than a 100 year event.

Seismic Hazard
Two dominant sources contribute to the seismic hazard along the Bride Influence Area (BIA):
■

■

Portland Hills Fault Zone (along the base of the West Hills)
−

6 km from the bridge site

−

MCE: M 6.8; 0.4 to 0.7g PGA

Cascadia Subduction Zone
−

90 km from the bridge site (along the coast)

−

MCE: M 9.0; 0.1 to 0.2g PGA; > 1 minute of strong shaking

No active faults are known to traverse the bridge influence area
USGS 2002 PSHA reveals the following rock PGA’s for the BIA:
■

0.40 g for 2,500 year recurrence

■

0.27 g for 1,000 year recurrence

■

0.19 g for 500 year recurrence

■

0.13 g for 250 year recurrence

No additional sources are expected to be added to the next iteration of USGS maps that would affect the
hazard along the BIA
It is unclear how the attenuation model changes in the next generation of USGS maps will affect the
hazard along the BIA

Current State DOT Policies on Seismic Rehab
ODOT seismic retrofit policy
■

Retrofit required for 0.19g or greater

■

Phase I retrofit is common

■

Phase II retrofit (foundation retrofits) is not common (it has been done on two bridges in the state)

WSDOT seismic retrofit policy
■

Retrofit focuses on structures along the I-5 corridor and in the Puget Sound area

■

Retrofit is being carried out in phases, began in 1991
−

Phase I – Superstructure retrofit (complete)

−

Phase II – Single column substructures (99% complete)
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−

Phase III – Multiple column substructures (currently underway)

■

No foundation retrofit has been done

■

Response Spectrum Analysis (RSA) with a 500-year return period is used for analysis.

Bridge Use Alternatives
Seven alternatives are being investigated in which the existing bridges would be used in some capacity.
The panel considered the proposed uses and suggested an appropriate level of service that should be
considered for each alternative.
■

■

■

■

Alternatives 1 and 2 – No build
−

Structures remain in use as I-5 bridges

−

No seismic retrofit

−

Lifeline route – meet more stringent serviceability requirements

Alternative 3
−

Structures remain in use as I-5 bridges

−

Lifeline route – meet more stringent serviceability requirements

Alternative 4
−

SB structure to be used for LRT – meet less stringent serviceability requirements

−

NB structure to be used for arterial traffic – collapse prevention

Alternatives 5 – 7
−

Structures to be used for arterial traffic – collapse prevention

Geotechnical Conditions (based on best available data to date)
No geotechnical data is available with regard to the 1917 structure. Very little data (rudimentary borehole
stick logs) were collected for the 1958 structure.
Current investigation
■

Geophysical investigation along the river shows a distinct contact between the alluvium and bedrock.
The bedrock (Troutdale formation) is relatively shallow along the Washington shoreline, but is over
200 feet deep at Hayden Island.

■

Four boreholes are being drilled along the existing bridge to provide positive confirmation of the
Troutdale contact. Holes completed to date generally corroborate the contact revealed by the
geophysical study.

Two soils dominate the site
■

■

Troutdale rock formation
−

A conglomerate

−

Shear wave velocity of 2000 – 3000 ft/s base on DOGAMI study (rock like)

−

Driven steel piles are typically designed to develop their full structural capacity in this material

Alluvial deposits
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−

Primarily fine sand; clean to silty; some gravel; loose grading to dense at depth

−

Preliminary analyses indicate a high liquefaction potential for the 500 year event (up to 50’ deep)

−

Lateral spreading will be a potential problem especially at the river banks and near the scour
holes

−

Preliminary analyses indicate the anticipated settlement at the surface would be approximately
1.5’ for the 1,000 or 2,500-year event, and 16” for the 500-year event.

Study events – return periods
Three levels of retrofit will be evaluated corresponding to the following return periods and service levels
■

100-year serviceability with 500-year non-collapse performance criterion

■

500-year serviceability with 1000-year non-collapse performance criterion
−

■

ODOT and WSDOT suggested this might be the preferred retrofit criterion for these bridges.

500-year serviceability with 2500-year non-collapse performance criterion
−

This performance level was considered for Alternative 3.

Vulnerabilities and Mitigation measures for bridge components
Foundation
■

Generally, the substructure (including foundation, piers, bearings) costs are anticipated to run about
70% - 80% of the total structural retrofit cost

Vulnerabilities
■

Liquefaction during a seismic event poses the greatest threat to the bridge’s structural systems.

■

Existing foundations have too many unknowns associated with their behavior and performance. A
seismic retrofit scheme would assume the existing foundations only take the dead load and all group
VII (seismic group) loadings would be taken by a new foundation system.

Mitigation
■

■

Option A – additional piling
−

Cofferdam may be required with environmental constraints

−

Drilled shafts with steel casings

Option B – soil remediation
−

Injection grouting is the most likely solution


This has numerous environmental and constructability constraints

−

Vibration around the existing foundations could cause liquefaction if supplemental piles were
driven.

−

Too many unknowns about the foundations of the existing structures and injection grouting for
this application suggests that soil remediation may not be a viable option
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Piers
■

Fenders may be required adjacent to the lift span if the piers sizes are increased

Vulnerabilities
■

Existing main reinforcement ratio is less than 1%

■

Insufficient concrete confinement exists per current seismic design standards.

■

Unknown or inadequate reinforcement details

Mitigation
■

Confine concrete columns and piers with steel plate, carbon fiber, or reinforced concrete.

Bearings
Vulnerabilities
■

Existing high-profile bearings would potentially fail if large displacements occur because of loss of
stability due to liquefaction. Unseating of the spans is possible.

Mitigation
■

■

Option A – Replace bearings with isolation bearings
−

Add restrainer assemblies, connecting the superstructure to the piers with a secondary system.

−

Isolation cannot be used for the lift spans since the lift spans and counterweights are locked
within the tower assembly. As a result, the entire tower, counterweight, bearings, and lift span
have to be strengthened.

Option B – Retrofit existing bearings
−

Add catcher block and restrainer assemblies

Superstructure
Vulnerabilities
■

The counterweights are unrestrained and the towers are structurally inadequate

■

Many truss members are overstressed and may need replacement

■

Many truss connections have stability issues and may need to be strengthened or replaced.

■

Rivets in the old structure are likely to be weak and may need replacement.

Mitigation
■

Complete replacement of towers is a possibility.

■

Member replacement will need to be determined on a member-by-member basis.

■

Deck connection to the floor beams will need to be investigated. A composite deck is preferable to
ensure adequate load transfer.

■

Gusset plate replacement

■

Increasing connection strength compare to member strength

■

Bolt replacement

■

Addition stiffeners to truss members and gusset plates
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Possible Rehabilitation Scheme and Cost Opinions
One possible rehabilitation scheme was developed and some cost opinions were derived based on this
scheme. The assumptions used were as follows:
■

■

■

■

Foundation assumptions
−

Six 10’ diameter drilled reinforced concrete piles (with the casings left in place) per pier (up to
200’ long).

−

Pile cap could tie into the pier at or below the water level.


Tie-in at the water level could eliminate the need for a cofferdam (See Concept
2). The low-end costs in Table 1 reflect this.



The higher costs account for a tie in below water level at the existing pile caps
and hence a cofferdam (See Concept 1).

Pier Jacketing assumptions
−

#8 welded hoops @ 6”, drilled through the in-fill walls.

−

6” shotcrete jacket

Bearing assumptions
−

Rehabilitate or replace existing bearings

−

Add vertical catcher/jacking blocks

−

Add lateral and longitudinal restrainer assemblies

Superstructure assumptions
−

Towers to be completely replaced


−
■

Costs of mechanical and electrical modifications or upgrades are not considered.

Structural steel replacement is assumed to be 10 lb/ft2 of plan area of deck.

Other cost opinion assumptions
−

The follow cost opinions are based on contractor bid prices only. They do not include design,
management, mobilization, contingency, traffic control, roadway surface improvements,
construction inspection, etc…

−

Costs do not reflect analysis. They are based on costs from similar projects.

−

All costs presented are in 2006 dollars.

−

No life cycle costs have been analyzed to taken into account.
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Table 1 – Construction Cost Opinions (millions) for Both the 1917 and 1958 Bridges)

100y - Serv.
500y – Col.

Foundation
Pier
Bearing
Superstructure
Subtotal

Serviceable
Low
High
50
100
10
30
6
6
22
31
88
167

No Collapse
Low
High
50
100
10
30
6
6
22
31
88
167

500y – Serv.
1000y – Col.

Foundation
Pier
Bearing
Superstructure
Subtotal

55
10
9
26
100

105
30
9
36
180

55
10
9
26
100

105
30
9
36
180

500y – Serv.
2500y – Col.

Foundation
Pier
Bearing
Superstructure
Subtotal

60
10
13
29
112

110
30
13
40
193

60
10
13
29
112

110
30
13
40
193

General Observations
The construction duration of the retrofit would likely be 3 – 4 years
The 1958 (SB) structure would likely cost less to retrofit than the 1917 (NB) structure.

Key Findings
It is possible to retrofit the existing structures. The levels of seismicity are relatively low compared to other
regions on the West Coast where retrofit of major bridges has been undertaken.
Based on the conceptual retrofit strategy developed by the Panel, the anticipated raw construction costs,
in 2006 dollars, range from $88 Million to $193 Million. For discussion, these can be rounded to $100
million to $200 Million.
Liquefaction potential exists to significant depths (based on August 2006 data). This poses the largest
potential source of vulnerability to the structures.
A two-level seismic design criteria should be adopted (Serviceability, and Collapse Prevention)
The following areas of the existing structures are potentially vulnerable
■

Foundation

■

Piers

■

Bearings

■

Superstructure
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Next Steps
The Panel recommends that the following steps be taken if a more accurate cost is deemed necessary.
These suggested steps are short of a typical Vulnerability Study for a major bridge seismic retrofit, but
would provide results that are more reliable than the conceptual retrofit strategy developed by the panel.
■

■

Perform the following tasks to better understand the cost and issues associated with retrofitting the
bridges for earthquake hazards
−

Simple push analysis to get a better idea of the rehabilitation that would be required at the
foundations/piers. This analysis would asses, in gross terms, the performance and loads that
could be expected from a seismic event.

−

Look at similar projects (California toll bridges and other projects in the U.S.).

−

Consider data regarding the superstructure and bearings from the 1995 DGES reports, noting the
abbreviated analytical methods.

−

Perform preliminary design of retrofit schemes for foundation and pier elements.

−

Estimate the bearing replacement size and reconstruction requirements.

−

Use lbs/sf cost for steel retrofit based on (California toll bridges).

−

Perform quantity takeoff for cost estimates given the cases in the table above (and expand for
each bridge).

−

Review the bid tabs from similar projects (California toll bridges) to use as a cross check for
reasonability of the estimates derived above.

−

Prepare a tech memo (or report) summarizing the tasks above.

The ongoing geotechnical study should be completed to validate the preliminary findings presented in
this report.
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Appendix B – Seismic Panel Presentation,
August 29, 2006

B-1

Seismic Panel
Presentation
August 28 - 29, 2006

Seismic Panel Key Findings
• Liquefaction to significant depths
• 2 level seismic design criteria
• No Collapse Retrofit – Minimum
•
•

Required
Cost Opinions
Vulnerable Elements / Seismic
Strategies

•
•
•
•

Foundations
Piers
Bearings
Superstructure

Seismic Panel Presentation August 29, 2006

2

Seismic Panel Cost Summary
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Key Structural Elements

•
•
•
•

Foundations
Piers
Bearings
Superstructure
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Key Structural Elements

•
•
•
•

Foundations (50 – 110)
Piers
Bearings
Superstructure
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Key Structural Elements

•
•
•
•

Foundations
Piers (10 – 30)
Bearings
Superstructure
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Key Structural Elements

•
•
•
•

Foundations
Piers
Bearings (6 – 13)
Superstructure
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Bearings Repair/Retrofit/Replacement

$14 to $20 million Range
(Based on CA toll Retrofit data)

Seismic Panel Presentation August 29, 2006

Lateral Stiffening of High-Profile Rocker Bearings

$20000 Each Typical locations
Excluding 8 Custom replacement for Lift Span Bearings
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Isolation Bearings

$75000 + $15000

$25000 + $15000
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Lateral Stopper Blocks

$5000 per block
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Vertical Catcher Blocker/Future Jacking Assembly

$5000
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Key Structural Elements

•
•
•
•

Foundations
Piers
Bearings
Superstructure (29 – 40)
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Steel Member Retrofit
Retrofit Measures

- Add angles and plates to chords
- Strengthen portal cross frames
- Strengthen diagonal members
- Strengthen lateral bracing
- Replace towers
- Deck connections to beams
- Gusset plate replacement
- Stiffening gusset plates
- Connection strengthening
- Rivet and bolt replacements
- Replace of laced members
- Mechanical System
- Electrical System
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Seismic Panel Cost Summary
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General Seismic Performance Goals

Performance

Level I EQ

Level II EQ

Service after Short
Period Inspection

Safety No Collapse
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Seismic Panel Cost Caveats

•
•
•
•
•
•
•
•

No cofferdam on lower bound foundation / pier costs
Costs are bridge construction costs only
No roadway surface improvements
Little sub-structure & pier data for the Northbound
Structure
Costs do not reflect analysis but similar project costs
Does not include life cycle costs
All costs are present day costs
Does not include:
• Navigation considerations
• Functional obsolescence
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Seismic Panel Recommendations

• Analysis effort to advance retrofit concepts and tighten
cost ranges

• Cost analysis of similar projects
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Next Steps

• Complete current geotechnical analysis
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Questions and
Discussion
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Appendix C – Results of WSDOT
Liquefaction Analysis
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