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1.
EXECUTIVE SUMMARY

CrEADD

The Murray Morgan Bridge crosses the Thea Foss Waterway in Tacoma, Washing-
ton. The bridge has a total length of approximately 3,200 feet, and is comprised
of three distinct segments — the west approach, a multi-span steel girder struc-
ture built in 1913; the east approach, a multi-span concrete girder structure built
in 1954 as a replacement to the original approach structure; and a three-span,
approximately 600-foot-long steel through truss main river section with a verti-
cal-lift center span built in 1913. The current condition of the bridge can be char-
acterized as fair to poor. The Washington State Department of Transportation
(WSDOT) currently owns the bridge and, through their studies, have determined
that they will need to demolish the bridge. WSDOT had earmarked funds and
planned to demolish the bridge in 2006. In September 2003, the City of Tacoma
(City) Council passed a resolution directing City staff to make a feasible effort to
save the bridge. Before turning over ownership of the bridge to the City, WSDOT
must review and approve the City’s plan to address the current deficiencies of the
bridge.

The objective of the Murray Morgan Bridge feasibility study is to establish a plan-
ning-level estimate of the cost of addressing the bridge’s deficiencies such that
the City can assume ownership of the bridge with a clear understanding of cur-
rent and future obligations associated with maintaining and operating the struc-
ture. The bridge is listed on the Washington Heritage Register of Historic Places
and the National Register of Historic Places (NRHP). Any work on the structure
will need to satisfy criteria established by the State Historic Preservation Officer
(SHPO), as well as local historic authorities. This planning-level cost estimate will
also prioritize phasing for bridge improvements so that the most urgent needs
are addressed first, and so that operation of the lift span can continue without

interruption.

In this report, restoration, rehabilitation, and replacement alternatives are evalu-
ated to address the deficiencies. Restoration is work necessary to restore the

Executive Summary
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bridge to meet its original design criteria using the same materials and shapes.
Restoration work would be conducted in a manner consistent with local, state,
and federal requirements to receive a determination of “No Adverse Effect” from
the agencies that regulate impacts to historic resources. Rehabilitation is work
necessary to restore the bridge to meet the original design criteria by using mod-
ern materials readily available. Rehabilitation work could result in a determina-
tion of “Adverse Effect” from the agencies that regulate historic resources, and
may require mitigation measures. Replacement is work necessary to remove and
replace the structure with a lift span that follows horizontal and vertical align-
ments similar to existing alignments. This work would require measures to miti-

gate impacts to the historic resource.

This report is organized into key sections, including existing conditions; historic
character defining features; restoration alternative assessment; rehabilitation
alternative assessment; replacement alternative assessment; historic compliance
strategy; and construction cost estimates. The following paragraphs summarize

the key conclusions in each section.

EXISTING CONDITIONS

“ The coating system is poor and must be removed and replaced.
< The deck condition is poor and must be removed and replaced.

% Several steel elements of the west approach and main span exhibit minor to
advance corrosion with section loss (reduced steel thickness). Critical ele-
ments needing repair include: approximately half of the floor beams and
roadway stringers; all of the sidewalk support brackets; most of the pedes-
trian railing; many truss lower chord panel points; girder ends at column
connections; and bottoms of the west approach columns.

% The east approach will need to be replaced in all alternatives.
“ The worn components of the mechanical systems must be replaced.

< The electrical system should be replaced to address safety, code violations,
and reliability issues.

< Wire ropes and connections need to be replaced.
“ The spalls on concrete piers need repair.

< Foundation soils have a high susceptibility to liquefaction.

Executive Summary
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The possibility of decommissioning the existing navigation channel to reduce or
eliminate the required vertical clearance has been discussed with the 13th Dis-
trict of the U. S. Coast Guard. Through this discussion we determined that accom-
plishing either a decommissioning or a reduction of existing navigational
clearances is not impossible, but is extremely unlikely, time-intensive, and costly.
This effort would take several years to accomplish and the cost to mitigate and
relocate the current users would likely match or exceed the cost of a main span

rehabilitation.

HISTORIC CHARACTER DEFINING FEATURES

The following potential historic compliance issues have been identified and, for

this report, will be considered as the character-defining features.
< Pratt truss vertical-lift span.

“ Two fixed Pratt truss spans.

< Lattice bridge pedestrian rail.

“ Two 400-ton counterweights.

< Electrical operating motors to raise and lower the lift.

% Operator’s cabin.

LIFT SPAN OPERATION SYSTEM
RESTORATION

Restoration of the mechanical and electrical system involves:

% Replacement of the counterweight wire ropes and fittings to improve the
safety factor.

% Replacement, repair, or rehabilitation of the drive and guide systems to in-
clude motors, bearings, bushings, jaw couplings, trunnion shafts, guides,
and live load shoes.

“ Electrical system modifications to eliminate various safety hazards and code
violations, and to improve reliability.

Restoration of the lift span operation system has the lowest initial cost; however:

o,

< It fails to incorporate newer technological advances for improving overall
operational performance.

Executive Summary
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“ It fails to meet most AASHTO standards for Movable Highway Bridges.

o,

% It results in the shortest remaining service life when compared to rehabilita-
tion.

REHABILITATION

Rehabilitation of the mechanical and electrical systems involves:

% Replacement of the counterweight wire ropes and fittings to meet current
safety factor standards.

% Replacement of the counterweight sheaves and trunnions with modifications
to the towers.

% Replacement, repair, or rehabilitation of the drive and guide systems to in-
clude motors, bearings, bushings, jaw couplings, gearsets, guides, and live
load shoes.

“ Total redesign of the electrical system to eliminate all safety hazards, code
violations, and reliability issues.

“ Installation of new control console, traffic gates, and signals.

Rehabilitation of the lift span operation system has the highest initial cost; how-

ever:

< It will allow incorporation of newer technological advances to improve overall
operational performance.

“ It will meet AASHTO standards for Movable Highway Bridges.
“ It will provide the longest useful service life.

«» It will reduce the number of personnel required to operate the bridge.

RESTORATION ALTERNATIVE ASSESSMENT

The recommended work under the restoration alternative includes the following
elements: replace deck and sidewalks; replace in kind or restore the lattice pedes-
trian rail; repair or replace all steel elements damaged by corrosion; restore the
west lower deck elements; replace the coating system; replace the east approach;
complete Phase | and Phase Il Seismic Retrofits; replace the wire ropes; restore
the mechanical system; and eliminate the electrical safety hazards. No founda-
tion restoration work would be performed.

Executive Summary
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REHABILITATION ALTERNATIVE ASSESSMENT

The recommended work under the rehabilitation alternative includes the follow-
ing elements: replace deck and sidewalks; replace the lattice pedestrian rail; re-
pair or replace all steel elements damaged by corrosion; remove the west lower
deck elements retaining the stairway; replace the coating system; replace the
east approach; complete Phase | and Phase Il Seismic Retrofits; replace the wire
ropes; and eliminate all mechanical system deficiencies and replace majority of

electrical components. No foundation restoration work would be performed.

REPLACEMENT ALTERNATIVE ASSESSMENT

The recommended work under this alternative entails the complete removal of
the existing structure, and construction of a new bridge meeting current design
standards. The bridge would be of similar construction using current methods
and materials. The alignments would be similar to the existing horizontal and
vertical alignments. The cross section would be of a width necessary to accom-
modate two lanes of traffic, as well as pedestrian and bicycle requirements. A new

lift span—either center vertical-lift or bascule lift—would be included.

HISTORIC COMPLIANCE STRATEGY
Because the Murray Morgan Bridge is on the NRHP, repair work that has an “Ad-

verse Effect” means there is an alteration of the character-defining features. This
includes any work that diminishes the structure’s integrity of design, materials,
workmanship, location, setting, feeling, or association. To assist in developing de-
cisions regarding potential changes, a Historic Site Management Plan should be
developed. The Historic Site Management Plan should identify the range of possi-

bilities for replacing/rehabilitating the bridge and its impact to the historic status.

Mitigation for impacts to the character-defining features under the rehabilitation
option that result in a determination of “Adverse Effect” from the agencies that
regulate historic resources could include the following: update the existing His-
toric American Engineering Record documentation; replacement in kind of me-
chanical and architectural elements; replacement with stylistically comparable
architectural elements; removal for display/interpretation of salvaged structural
and mechanical elements; and development of a public education on-site his-
toric interpretive center. Mitigation for the replacement alternative could in-

clude donating or moving the bridge to another location.

Executive Summary
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CONSTRUCTION COST ESTIMATES

Project-level cost estimates for this study were developed using WSDOT histori-
cal cost data, as well as detailed contractor-type bid estimates for rehabilitation
and restorations items. Twenty percent contingencies were added to the costs
due to the preliminary nature and limited information. Programming-level costs

are:

“ Full Replacement: $135 million (includes demolition of existing
structure)

< Full Rehabilitation: $80 million

< Full Restoration: $77 million

Currently, $25 million dollars are available for funding improvements to the
structure. It is feasible that another $20 million could be obtained in the near
term to make a total of $45 million available for improvements. Given the avail-

able funds, the following improvements could be made.

$25 MILLION “REHABILITATION”

% Main Span: New paint, restore lift span operations, replace deck, rehabili-
tate trusses, remove sidewalks and place interior with roadway section.

$45 MILLION “RESTORATION”

°,

< Main Span: New paint, rehabilitate lift span operations and electrical sys-
tems, replace deck, rehabilitate trusses and substructure, Phase 1 seismic
retrofit.

%+ East approach: New structure.

Another way to rehabilitate the bridge would be to complete the work in three
phases: West Approach, East Approach, and Main Span. This work could be com-
pleted under three separate projects and will cost approximately five to 10 per-
cent more than a single project with all phase included. The estimated service life
would be 50 to 75 years upon completion of each phase. Load restrictions would

be in place until all three phases are completed.

< Phase 1 - $23 Million West Approach Rehabilitation: New paint, re-
place deck, rehabilitate superstructure and substructure, Phase | and Phase
Il seismic retrofit, rehabilitate stairways. This phase would remove the be-
low deck ramps.

Executive Summary
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< Phase 2 - $16 Million New East Approach: This phase would recon-
struct the east approach with either a concrete structure utilizing a precast
concrete girder system, or a steel structure designed to be compatible with
the steel components of the existing structure. Also, the estimate is based
upon a new structure with dimensions generally similar to the width and
length of the existing structure. A new structure that is shorter and nar-
rower in width may lower the estimated program costs.

<+ Phase 3 - $45 Million Main Span Rehabilitation: New paint, replace
deck, rehabilitate substructure and trusses, rehabilitate lift span operations
and electrical systems, Phase | and Phase Il seismic retrofit, and tower seis-
mic retrofit.

SEISMIC RETROFITS

Phase | and Phase Il seismic retrofits should be completed. A Phase | retrofit is a
high priority and should be completed on the west approach and main span with
the initial phase of work. A Phase Il retrofit is considered less of a priority and
could either be completed with each phase of work, or completed as a separate
phase after all of the other work has been completed.

< $3 million Phase | Seismic Retrofit: East Approach, Main Span

< $10 Million Phase Il Seismic Retrofit: East approach, Main Span

SAFETY/ OPERATIONAL IMPROVEMENTS

The existing wire ropes are deficient and should be replaced to improve the fac-
tor of safety. In addition, various electrical safety hazards have been identified as
severe safety issues and should be addressed. A program to restore lift span
operations should be considered for implementation within the next year. This
program would consist of replacing the counterweight wire ropes; miscellaneous
mechanical system repairs; and replacing the electrical components, wiring, and
conduit to eliminate safety hazards and code violations. This program will cost
approximately $2.5 million. The high voltage feeder and transformers with ex-
posed terminals located on the approach span should be addressed immediately.

Executive Summary
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2.
BACKGROUND

CrEADD

The Murray Morgan Bridge crosses the Thea Foss Waterway in Tacoma, Washing-
ton. The bridge has a total length of approximately 3,200 feet, and is comprised
of three distinct segments — the west approach, a multi-span steel girder struc-
ture built in 1913; the east approach, a multi-span concrete girder structure built
in 1954 as a replacement to the original approach construction; and a three-
span, approximately 600-foot-long steel through truss main waterway section
with a vertical-lift center span. The bridge serves as a vital link between the Port
of Tacoma industrial area and downtown, and is one of the few vertical lift-span

bridges on the west coast.

Condition inspections of the existing bridge over the last eight years indicate the
need to address several deficiencies. The bridge carries four lanes of traffic and
two sidewalks. Due to the present deficiencies, the two outside lanes are cur-
rently closed to traffic, both sidewalks are closed to pedestrian use, and the bridge
has a posted load restriction of 10 tons. Emergency vehicles with weights greater
than 10 tons are allowed to cross the structure. The current average daily traffic
(ADT) is 5,000 vehicles per day (VPD).

The Washington State Department of Transportation (WSDOT) currently owns
the bridge and, through their studies, have determined that they will need to
demolish the bridge. WSDOT had earmarked funds and planned to demolish the
bridge in 2006. In September 2003, City of Tacoma (City) Council passed a reso-
lution directing City staff to conduct a feasible effort to save the bridge. Before
turning over ownership of the bridge to the City, WSDOT must review and ap-
prove the City’s plan to address the current deficiencies of the bridge.

To address the current deficiencies of the bridge, and to provide a basis to con-
sider its future, the City is undertaking a planning-level assessment of the neces-
sary construction scope of work and cost to restore the bridge. In addition,
planning-level cost estimates to rehabilitate and replace the structure are being
developed for comparison to the restoration alternative. Each of the three alter-
natives will consider full replacement of the east approach spans.

Background
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3.
PURPOSE OF STUDY

CrEADD

The objective of the Murray Morgan Bridge feasibility study is to establish a plan-
ning-level estimate of the cost to address the bridge deficiencies such that the
City can assume ownership of the bridge with a clear understanding of current
and future obligations associated with maintaining and operating the structure.
This planning-level estimate will also prioritize phasing for bridge restoration so
that the most urgent needs are addressed first and that operation of the lift span
can continue without interruption. The primary goal of this study is to assist the
City in determining if the City wants to assume ownership of the bridge in its
current condition with the obligation to restore or rehabilitate, maintain, and
operate the structure for the foreseeable future.

The bridge is listed on the Washington Heritage Register of Historic Places, as well
as on the National Register of Historic Places. Any work on the structure will need
to satisfy criteria established by the State Historic Preservation Officer (SHPO),
Tacoma Historic Preservation Officer, and several local historical societies and
constituencies concerned about the future of the bridge. This study will consider

how the historic designation impacts the design construction cost and process.

Restoration, rehabilitation, and replacement alternatives were evaluated to ad-
dress the deficiencies. Restoration will be work necessary to restore the bridge to
meet its original design criteria using the same materials and structural shapes.
Rehabilitation will be the work necessary to strengthen the bridge to meet the
original design criteria by using the most cost-effective modern materials and
structural shapes. Replacement will be the work necessary to remove and re-
place the structure with a moveable span that follows horizontal and vertical
alignments similar to existing alignments. This study will be used as a guideline to
determine if there is a practical alternative that can be implemented.

Purpose of Study
9



Murray Morgan Bridge
Bridge Feasibility Study

4.
SCOPE OF STUDY

CrEADD

PRIMARY STUDY ELEMENTS

This study includes the following primary study elements:

°,
o

Restoration — Restoration entails design and construction of repairs to the
existing structure while meeting local, state, and federal requirements nec-
essary to receive a determination of “No Adverse Effect” from agencies regu-
lating impacts to historic resources.

Rehabilitation — Rehabilitation entails design and construction of repairs to
the existing structure without meeting local, state, and federal requirements
necessary to receive a determination of “No Adverse Effect” from agencies
regulating impacts to historic resources. Planning-level costs associated with
mitigation for adverse effects to the historic resource will be included in the
construction cost estimate for this alternative.

Replacement — Replacement entails complete removal of the existing struc-
ture and construction of a new bridge. It is assumed that the new bridge will
include a moveable main span. Planning-level cost estimates developed for
the replacement alternative will be based on a new bridge layout and con-
figuration that maintains existing vertical and horizontal alignment.

STUDY TEAM

CITY OF TACOMA STAFF AND CITY ADVISORY COMMITTEE
Murray Morgan Bridge Rehabilitation Oversight Committee

CONSULTANT TEAM
Mike Clark, P.E., Project Manager, David Evans and Associates, Inc. (DEA)

Dave Moyano, P.E., Bridge Engineering Manager, DEA
Jim Bosket, P.E., Lead Bridge Engineer, DEA

Coating Systems
Doug Eakin, Doug Eakin Consulting

Scope of Study
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Lift Span Operational Systems

Lance Borden, P.E., Modjeski and Masters
Geotechnical

Jim Wu, Ph.D., P.E., Shannon & Wilson, Inc.

Historical Compliance

Glenn Hartmann, Western Shore Heritage Services, Inc.
Constructibility, Cost Estimating and Scheduling

Dave Place, P.E., Construction Engineering Consultant

APPROACH

DESIGN STANDARDS
All work for this project has been performed in compliance with the design stan-
dards, guidelines, requirements, and methodologies listed below. This list is not

intended to be exhaustive.

Structural
“ LRFD Bridge Design Specifications, AASHTO 1998

« Bridge Design Manual with WSDOT Supplements, WSDOT
% Manual for Condition Evaluation of Bridges, AASHTO

< Bridge Inspector’s Training Manual 90, US DOT

%+ National Bridge Inspection Standards, US DOT

Mechanical and Electrical
“» AASHTO Moveable Bridge Specifications

EXISTING DATA

Existing data for the Murray Morgan Bridge study was furnished by the City of
Tacoma and WSDOT. The data included inspection reports, maintenance reports,
and existing bridge drawings for the west approach and main spans. These docu-
ments were reviewed for specific details related to the elements in the bridge and
the assessment of the condition of the bridge and its elements. A list of the exist-

ing data provided is summarized in the appendix of this report.

Scope of Study
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MEANS AND METHODS

This study was performed under the following partial list of assumptions:

< This was a planning-level study utilizing WSDOT inspection reports and engi-
neering judgement in lieu of engineering analysis and design.

“» Topographic field surveys and project base mapping were not required.
% Hydraulics and scour assessments were not be provided.

“ Environmental reviews or assessments were not be provided.

% Assessment of existing utility location or conflicts were not included.

< All efforts for this study do not constitute a current safe load carrying capac-
ity assessment of the existing bridge.

A site visit was performed to familiarize the study team with the general condi-
tions of the bridge; as well as the physical constraints surrounding the bridge for
estimating the construction scope of work and developing planning-level cost
estimates. The site visit involved visual observations made in areas accessible on
foot. Destructive and/or nondestructive inspection techniques, underwater in-
spection, accessing areas by climbing, with an under-bridge inspection truck
(UBIT) or man-lift, or with watercraft was outside the scope of this study. Visual
observations were compared with the documentation contained in the previous

WSDOT inspection reports.

Structural Review

Planning-level repairs to the existing structure and its elements were assessed. The
repairs are based upon cursory reviews of the existing information and observations
made during the site visit. Performing structural analysis and calculations, and
performing a load rating of the structure were outside the scope of this study.

Regardless of the alternative selected, the existing east approach will be replaced.
For restoration and rehabilitation alternatives, one viable option for each was
investigated and an associated planning-level cost estimate developed.

For the replacement alternative, one viable option was investigated and an asso-

ciated planning-level cost estimate developed.

Vertical Lift-Span Mechanical and Electrical Component Assessment
Using information contained in previous inspection reports, a cursory assess-

ment was performed of the condition of the existing electrical and mechanical

Scope of Study
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systems of the vertical lift span. For this study, the replacement alternative in-
cludes a structure with a moveable span.

Coating System Assessment

A cursory review was performed for three alternatives for addressing the exist-
ing coating system on the main truss spans and the west approach. A planning-
level cost estimate was developed for the removal of the existing coating system
and the application of a new system. Selection of paint color was outside the
scope of this study.

Geotechnical Issues

Planning-level geotechnical issues associated with the restoration, rehabilita-
tion, and replacement of the existing structure were identified. A qualitative vul-
nerability assessment memo was prepared using information from the existing
bridge as-built data, inspection reports, damage assessments/repairs from prior
earthquakes, and current seismic design criteria. One viable foundation improve-
ment option was assessed as part of the restoration and rehabilitation program.

Historical Issues

Historical compliance issues were identified that are associated with restoration,
rehabilitation, and replacement of the existing structure. For these issues, the
significant impacts to the construction process and costs due to historic compli-
ance requirements have been identified. The existing bridge is listed on local,
state, and national registers of historic places.

A narrative was prepared that describes the alternatives under consideration and
our opinion of potential impact to the historical resource. This task does not in-
clude development of Finding of Effect (FOE) or 4(f) documentation.

Planning-Level Construction Cost Estimates

A planning-level construction cost estimate was prepared for carrying out the
work involved with restoration, rehabilitation, and replacement of the existing
bridge. Per standard WSDOT office practice for planning-level studies, construc-

tion cost estimates for each portion of the work include:
« Estimated construction contract costs.

< Estimated design contingencies and change orders as a percentage of esti-
mated construction.

Scope of Study
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« Design and construction engineering costs as a percentage of estimated con-
struction.

«» Costs associated with mitigation of bridge and marine traffic, if necessary.

%+ Costs associated with mitigation of historic adverse effect.

Planning-level cost estimates for the alternatives were developed using plan-
ning-level square foot cost estimates based on historical cost data, using tabu-
lated standard WSDOT bid item costs, and previous experience with similar
projects. Each were adjusted to generally correlate to project requirements and
the anticipated construction industry bid climate at the projected time of bid in
2006. The cost estimate identifies key project elements that contribute signifi-
cant cost or risk. Key elements have been identified based upon experience, visu-
ally identifiable, or indicated in the WSDOT inspection report.

Construction Scope of Work

A planning-level construction scope of work was developed for restoration, re-
habilitation, and replacement. Anticipated improvements were prioritized, in-
cluding impacts of construction staging. Prioritization emphasis is given to
construction scope items that are critical to keep the bridge open to vehicular
and marine traffic.

Construction scopes of work were assessed for eight program alternatives:

% Full Replacement
% Full Rehabilitation
“  Full Restoration

< $25 Million Package
% $45 Million Package
“  West Approach

< East Approach

“ Main Spans

In addition, construction scopes of works were developed for Phase | and Phase
Il seismic retrofits.

Scope of Study
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5.
EXISTING CONDITIONS

CrEADD

For this study, the existing conditions of the structure were established mainly
from the review of existing data. Some verification of the data was accomplished
through a site visit. The existing data that was available is listed in Figure A.1,
Existing Data in the appendix. In addition, select study team members could
have familiarity with the site and bridge through previous studies or projects.

For the DEA team, Jim Bosket, Lead Bridge Engineer, and Doug Eakin, Coating
System Consultant, performed a site visit on June 29, 2004, accompanied by
Mike Clark, Project Manager. The visit involved photographing and making vi-
sual observations in the areas accessible on foot. Dave Place, Construction Engi-
neering Consultant, was at the site on June 16, 2004, and performed visual
observations and took photographs.

COATING SYSTEM CONDITION

The existing coating system was visually and destructively inspected at several
locations that were easily accessible. The visual observation included an general
assessment of the condition of the coating, types of failure observed, and per-
centage of failure in those areas visually accessible. Additional inspection, in
selected areas, included thickness readings and cutting into the coating to ana-
lyze the brittleness and the adherence characteristics, as well as to determine the
number of coating systems currently covering the structure.

Overall, the coating system is in poor condition. While there are many areas of
obvious coating failure of one type or another, there are many areas experienc-
ing corrosion under what may appear, from a distance, to be intact coating. Cor-
rosion is progressing from obvious failure locations and undercutting adjacent
coating. There is widespread damage to steel members, with many experiencing
a loss in integrity. The coating failure is widespread, but the worst examples are
found in the west approach. The below-deck steel in the main spans, including the

lift span, could not be accessed, so no evaluation could be made of those locations.

Existing Conditions
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Most of the structure has at least three distinct coating systems, with four ob-
served in some areas. All systems appeared to be alkyd coatings with primers
containing red-lead pigment. The total thickness of the existing coating ranged
from 30 to 40+ mils. Most of the coatings evaluated were brittle, having oxidized
over many years, and were delaminating at several different levels of the coating
thickness, depending on the location.

STRUCTURAL CONDITION

The condition of the Murray Morgan Bridge is generally fair to poor. Several
elements of the bridge have areas of advanced deterioration due mainly to corro-
sion. This has caused a reduction in the load capacity of the bridge. The most
recent detailed condition inspection was conducted April 13, 2004, by WSDOT
staff. This inspection involved an Under Bridge Inspection (UBIT) inspection of
both approaches and the three steel truss spans. The findings of the 2004 inspec-
tion appear to be consistent with that of the November 14, 2002, WSDOT inspec-
tion report. This is based on the few areas that could be adequately observed

without means to access above and below the deck.

Listed below is a summary of the major deficiencies reported by the April 13,
2004, WSDOT inspection report.

WEST APPROACH SPANS

“ The concrete roadway deck has exposed reinforcement, delaminations,
spalls, cracks, worn and rutted wearing surface, and several repaired areas.
The chloride concentration in the deck was tested by WSDOT in 1997 and was
found to exceed the threshold level, thus placing the deck reinforcement in a

corrosive environment.

% The timber deck on the lower road-
way has several decayed planks.

« Steel elements throughout the west
approach exhibit corrosion of minor
to advanced severity with section loss
to element components including riv-
ets. The most severe conditions exist
at the following locations:

—  Exterior sidewalk stringers. WEST APPROACH SPANS

Existing Conditions
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— Floorbeams and stringers at Bents 4, 7, and 9.

— Girder ends at column connections.

— Column and girder bracing.

— Bottom of the columns at Bents 4 through 10.

— Sidewalk support bracket connections to the girders.

— Pedestrian rail posts and lattice panels.

The 1997 WSDOT load rating summary indicates that elements, such as some
roadway stringers and girders in good condition have rating factors less than 1.0
for the AASHTO HS20 design vehicle. Some method of strengthening could be
applied if achieving an HS20 load capacity level is the objective of the rehabilita-
tion and restoration work.

MAIN SPANS

“ The concrete roadway deck has exposed reinforcement, delaminations,
spalls, cracks, worn and rutted wearing surface, and several repaired areas.
Although the deck apparently was not tested for chlorides in 1997, it is ap-
parent from the results on other bridge elements and the deck condition that

this deck also has chloride concentrations above the threshold level.

“ The timber sidewalk decking on the lift
span has decayed planks.

« Steel elements throughout the main
spans exhibit corrosion of minor to ad-
vanced severity with section loss to
element components including rivets.
The most severe conditions exist at the
following locations:

— End floorbeams of each span.

MAIN SPANS

— Top flanges of stringer and floorbeams.

— Truss lower chords at the panel points.

— Sidewalk support brackets.

— The above deck truss and tower bracing elements.
— Truss bracing elements.

— Tower legs inside diaphragms.

— Maintenance walkway supporting elements.

Existing Conditions
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— Pedestrian rail posts and lattice panels.

“ The truss roller nest bearings at Piers 1 and 4 are in advanced deterioration
and are apparently inoperative.

“ The four piers have large areas of spalled concrete with delaminations and
exposed reinforcement.

The existing aluminum utility truss was installed around 1969. It replaced the
original truss that was removed around 1963. Based on preliminary opinion, it
appears that because of its vintage, it would not be an adverse effect if the truss
was removed. This should be further investigated and reviewed. A decision to
remove the truss would require review and approval of utilities being relocated
to either another site or installed under the waterway by a method such as direc-

tional drilling.

A 1997 WSDOT inspection reported some deterioration had occurred on the util-
ity truss where moisture collects and at connections where dissimilar metal ex-

ists.

EAST APPROACH

For the purpose of this study, it is assumed
that the existing east approach structure
will be replaced. The condition of this
structure is poor due to corrosion of rein-

forcing steel, prestressing steel, and post-

tensioning steel.

EAST APPROACH

ESTIMATED SERVICE LIFE

The estimated remaining service life, without repair work, of the west approach
and main spans structures is approximately five years. This could be less than
estimated since the service life is very dependent upon the steel elements’ corro-
sion rate and the maintenance performed. In time, several corroded elements
could become the control for the load capacity or load posting of the structure.
Without repairs and appropriate maintenance, the load capacity could continu-

ally lower to the point that the structure would require closure to all traffic.

Existing Conditions
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LIFT SPAN OPERATIONAL SYSTEMS

MECHANICAL DEFICIENCIES
Deficiencies of the mechanical components are based upon the following reports:

“ “In-Depth Mechanical Inspection” report by Parsons Brinkerhoff Quade &
Douglas, Inc (PB) dated June 1996

“  “Wire Rope Inspection” report by Hardesty and Hanover LLP (H&H) dated
November 27 — November 30, 2000

< “Counterweight Wire Rope Testing” report by H&H dated July 24 — July 25,
2001

According to the 1996 Inspection report
by PB, “...the span drive machinery is in
fair condition.” Items requiring rehabili-
tation for long term operation were iden-

tified as follows:

M1l. Replace motor brakes and
brake drums. Install required

brake limit switches.

MAIN SPANS — LIFT SPANS OPERATION SYSTEMS.

M2. Reshim out-of-tolerance shaft
bearings of the span drive ma-
chinery to restore proper journal/bushing clearances.

M3. Replace all jaw couplings of the span drive system with chain or gear
type couplings.

M4. Remove manual drive capstan and associated gearing from the gear
train.

M5. Replace damaged counterweight sheave trunnion bearing bushings and
rework damaged trunnion shafts.

M®6. Rehabilitate all span guides and replace guide rails.

M7. Rehabilitate all live load shoe assemblies.

Wire rope inspection and testing reports by H&H include the following recom-

mendations:

M8. Replace all 64 counterweight wire ropes and all end fittings (sockets)
with new.

Existing Conditions
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M9. Modify the tension equalizing plate and pin connections at all counter-
weight end fittings to establish acceptable clearance to allow free pin
rotation.

M10.Support both counterweights during the modification of equalizing
plates and pins.

The existing bridge has several deficiencies when compared to current Standard
Specifications for Movable Highway Bridges as published by AASHTO. Items re-
quiring rehabilitation, replacement, or installation to meet current AASHTO stan-
dards follow:

M11. Install span lock system.

M12.Replace the counterweight rope assemblies with rope assemblies that
meet the current AASHTO standards. For the existing bridge, this would
require new counterweight sheaves and trunnions, tower top modifi-
cations, modifications to the span and counterweight rope attachment
assemblies, modifications to the lifting girder, and relocating the coun-
terweight guide shoes.

M13. Install a method of auxiliary span operation.

M14.Replace gearsets MP1/MGL. According to the PB report, they do not
meet AASHTO standards (four gears total).

The inspection reports did not address the following items which may require
rehabilitation:

M15. Inspect the uphaul and downhaul ropes that were installed in 1996.
Evaluate condition and replace, if necessary.

M16. Evaluate the condition of the deflector sheave assemblies and rehabili-
tate, as necessary.

ELECTRICAL DEFICIENCIES

Deficiencies of the existing bridge electrical system are based on the report of the
In-Depth Electrical Inspection and Recommendations, performed for the Wash-
ington State Department of Transportation in June 1996 by Parsons Brinkerhoff

Quade & Douglas, Inc.

The existing electrical system deficiencies are listed below, grouped in three gen-
eral categories for the purpose of this document, including Safety Issues, Code
Violations (which includes the National Electrical Code as well as AASHTO re-

qguirements), and Reliability Issues.

Existing Conditions
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A. Safety Issues

1. High voltage (7200 volts) feeder and transformers with exposed terminals
on approach span, with no adequate fencing or enclosure to prevent unau-
thorized access. This is a severe safety issue.

2. Sliding pickup/power bus at each end of lift span. This is a significant safety
issue.

3. Open-frame motor resistors with exposed live electrical parts.

4. Potential ashestos-containing wall sheeting behind motor resistors, and pro-
tective fabric around wire bundles at control console.

5. Traffic gate warning lights that are partially painted over.

6. Absence of explicit structural grounding at both towers.

B. Code Violations

1. Absence of set/release limit switches on brakes.

2. Unlabeled (trip ratings) circuit breakers.

3. Insufficient motor overloads for drive motor and traffic barriers/gates.

4. Green insulated conductors used for general wiring purposes other than
grounding.

5. Absence of on-off switches for traffic signals requiring use of circuit breakers
as switches.

C. Reliability Issues

1. Damaged or corroded conduits.

2. Abandoned conduits.

3. 0Old (likely obsolete) circuit breakers and fuses in machinery house.

4. Control console with numerous abandoned or non-functional indicators,
pushbuttons, and/or switches.

GEOTECHNICAL

The subsurface conditions are based on a review of the original bridge drawings

and published geologic and hazard maps. It appears that WSDOT has performed

six relatively recent borings on the bridge alignment and have performed a seis-

mic vulnerability study of the main span and east approach. The WSDOT boring

logs and reports have not yet been obtained. Once the WSDOT boring logs and

report are obtained, they will be reviewed and our evaluation of the subsurface

conditions will be revised, as appropriate.
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The bridge site is located along the southwest side of the Puyallup trough, a gla-
cial trough several hundred feet deep below sea level in places, that extends from
Commencement Bay to the northwest to beyond the City of Sumner to the south-
east. Very dense or hard, glacially-overridden Pleistocene and older soils form
the bottom and sides of the trough, and are very dense or hard due to the weight
of the estimated 2,000-foot-thick glacial ice sheet that last covered the area ap-
proximately 15,000 years ago. Since the retreat of the glacial ice, the Puyallup
River and its tributaries have filled much of the trough with Holocene (recent)
alluvial deposits. The most widespread of the Holocene alluvial deposits are del-
taic and overbank deposits typically consisting of loose to medium dense silty
fine sand and fine sandy silt, with scattered marine shells. These deposits are
interbedded with a relatively continuous fluvial layer of medium dense to dense,
clean to silty, fine to medium sand. Distributed throughout, and especially near
the existing ground surface, are layers of very soft to medium stiff lacustrine or
backswamp clayey silt, silty clay, peat, and peaty silt. Because these Holocene
soils have not been glacially overridden, they are generally relatively soft or
loose. Since 1886, extensive fills (typically on the order of 15 to 20 feet thick)
have been placed over the tide flats at the mouth of the Puyallup River to develop
the land for use by the Port of Tacoma.

Copies of the original bridge foundation plans include three boring logs. While
the soil descriptions on the plans are not entirely legible, the discernable por-
tions of the soil descriptions identify the very dense glacially overridden soils at
depth, overlain by the typical alluvial deposits. As expected, the depth to the
glacially overridden soils and the thickness of the looser/softer alluvial deposits
increase from the west to the east sides of the bridge. Specifically, the original
bridge drawings indicate that at Pier 1, the depth to the hard glacially overridden
soils is about 40 to 45 feet below the low water elevation indicated on the drawing
(approximately elevation -51.5 to -66.5 feet, National Geodetic Datum of 1929).
The depth increases to about 90 feet at Pier 2 (elevation -96.5 feet) and about 99
feet (elevation -105.5 feet) at Pier 3; the depth at Pier 4 was not discernable on

the drawing.

The design drawings indicate that the main span piers are supported on several
hundred piles (most likely timber) typically two-foot, eight-inches to two-foot,
10-inches on center. The design drawings show the piles at Piers 1 through 3

extending from the bottom of the pile cap/tremie seal to the top of the glacially

Existing Conditions
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overridden soils. The required pile lengths from the bottom of the pile caps/
tremie seals to the top of the glacially overridden soils are about 15 feet at Pier 1,
50 feet at Pier 2, and 65 feet at Pier 3. The actual pile lengths (below the pile caps/
tremie seals) indicated on the design drawings are 28 feet at Pier 1, 52 feet at Pier
2, and 66 feet at Pier 3. Based on this information, it is likely that the piles were
driven to the top of the glacially overridden soils beneath Piers 1 through 3, but
with little if any penetration into these soils. The same pile lengths were to be
used at both Piers 3 and 4. If the eastward trend of increasing-depth-to-glacially-
overridden-soils continues from Pier 3 to Pier 4, it is likely that the piles beneath
Pier 4 are located completely within the relatively loose alluvium and do not

bear on glacially overridden soil.

Palmer and others (2003) have recently studied the liquefaction susceptibility of
the alluvium and fill soils in the Puyallup trough. Their study identified the soils
in the area of the filled tide flats as having a high susceptibility to liquefaction.
Based on their definition, approximately 30 percent of the soils in the tide flat
area would liquefy under ground motion levels currently used for design of new
bridges. Observed liquefaction in the Port of Tacoma area during the 1949 Olym-
pia and 1965 SeaTac earthquakes (Chleborad and Schuster, 1998) confirm the
relatively high liquefaction potential of these soils, particularly when the esti-
mated ground motion levels in the Tacoma area were only about one-third to
one-half the levels required for design of new bridges. The testing required for a
guantitative analysis of the liquefaction susceptibility of the soils at the bridge
site had not been developed at the time the borings were performed for the origi-
nal bridge design. However, it is reasonable to assume that, based on the soil
descriptions in the borings logs, these soils have a similar susceptibility to lique-

faction as elsewhere in the filled tide flats.

Significant pier foundation displacements may be likely under design-level earth-
guake ground motions due to liquefaction. Design-level earthquake motions are
assumed to have a 10 percent probability of exceedance in 50 years or about a
500-year return period. Under these ground motions, it is likely that a significant
portion of the alluvial and fill soils around the main span piers would liquefy.
Liquefaction would not only decrease the shear strength of the soils, thereby
reducing the vertical and lateral capacity of the pier foundations, but also result
in lateral ground movement toward the channel and Commencement Bay and

increasing the lateral loads on the piers. Soil settlement would also increase down
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drag forces on the piles. The reduced lateral and vertical capacity of pier founda-
tions, coupled with the increased in the lateral and vertical loads, could result in
significant movement of the pier foundations during a design-level earthquake.
For reference, three significant earthquakes have occurred in the region since
construction of the bridge (M7.1 1949 Olympia Earthquake, M6.5 1965 SeaTac
Earthquake, and M6.8 2001 Nisqually Earthquake). No permanent pier founda-
tion movements were reported as a result of any of these events. However, the
ground motion levels for these events are estimated to have been no more than

approximately one-third to one-half of design-level ground motions.

HISTORIC CONSIDERATIONS

HISTORIC SITES REGISTRIES AND DOCUMENTATION

The Murray Morgan Bridge is listed on the Washington Heritage Register of His-
toric Places and the National Register of Historic Places (NRHP)(1982). The bridge
is the oldest remaining highway lift span in Washington State. Its significance
derives more from its engineering qualities than its architectural traits. The bridge
is a significant example of engineering design work by the firm of Waddell and
Harrington, recognized leaders in the design of vertical lift bridges. The City Wa-
terway Bridge also has been documented for the Historic American Engineering
Record (HAER), including text, engineering drawings, and archival—quality pho-
tographs. The original HAER report of August 1993 is on file with the HAER col-
lections of the Library of Congress.

HISTORIC COMPLIANCE PROCESS AND INTERESTED AGENCIES

There is a significant constituency interested in the present bridge. A historic site
management plan, and historic compliance strategy, should be developed in con-
cert with these interested parties. Agencies include the Federal Highway Admin-
istration (FHWA) if federal funds are involved, Washington State Department of
Transportation (WSDOT), State Historic Preservation Officer (SHPO), Tacoma
Historic Preservation Officer, Washington State Historical Society, local histori-
cal societies, and various local constituencies with a strong interest in the fate of
the bridge.

Existing Conditions
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CHARACTER-DEFINING FEATURES OF THE BRIDGE

The historic site management plan should provide analysis of the various struc-
tural elements that contribute to the overall significance of the bridge. Alter-
ation/removal of any of these may affect the NRHP status (i.e., historic character)
of the bridge. The goal would be to identify key components that would require

mitigation measures.

Review of the options for the Murray
Morgan Bridge by the SHPO, Tacoma HPO,
and other interested parties will carefully
consider the effects on the character-de-
fining features of the bridge that drive the
NRHP eligibility of the structure. A list of
those features might include the follow-

ing: Pratt truss vertical lift span, two fixed

MAIN SPANS — PRATT TRUSS LIFT AND FIXED SPANS.
400-TON COUNTER WEIGHTS.

Pratt truss spans, lattice bridge pedestrian
rail, steel cables at the four corners and
the two 400-ton counter weights on each end of the bridge, electrically-driven

operating motors to raise and lower the lift, and the operator’s cabin.

DECOMMISSIONING OF EXISTING NAVIGATION
CHANNEL ASSESSMENT

The possibility of decommissioning the existing navigation channel or reducing
the vertical clearances that the existing moveable span provides was briefly in-
vestigated. A telephone conversation with the District U.S. Coast Guard (USCG)
Bridge Administrator, Austin Pratt, was held to discuss these possibilities. Mr.
Pratt confirmed that pursuing either of these options requires completion of a
process that includes a River User Survey in order to establish “reasonable” navi-
gation clearances at the bridge. The USCG uses the results of this survey to de-
velop a “Findings of Fact,” which includes determination of “reasonable”
navigation clearance needs. The USCG looks at prospective uses, as well as his-
torical needs. Accomplishing either a decommissioning or a reduction of exist-
ing navigation clearances is not an impossibility; however, it is viewed as
extremely unlikely, time-intensive, and costly given the nature of the waterway
and the area, especially when future development plans are considered.

Existing Conditions
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0.
RESTORATION ALTERNATIVE

ASSESSMENT
CrEADD

Restoration entails the design and construction of repairs to the existing struc-
ture while meeting local, state, and federal requirements necessary to receive a
determination of “No Adverse Effect” from agencies regulating impacts to his-
toric resources.

Restoration can consist of the repair, replacement, and strengthening of bridge
elements that are deficient by deterioration, by the change of design and safety
standards, or by the lack of structural capacity of the original element for current
vehicle loads. Restoration must be per-
formed with methods and materials that are
consistent with the original design and char-
acter of the structure. An example would be
repairing the Murray Morgan lattice pedes-
trian rail by removing and replacing rail
components, such as plates, angles, and riv-
ets of the same size and shape. This work

would likely receive a determination of “No

Adverse Effect” from agencies regu|ating PEDESTRIAN RAIL ELEMENT WITH COMPONENT OF
PLATE LATTICE, ANGLE POSTS, TEE AND ANGLE RAILS,

impacts to historic resources. AND RIVET CONNECTORS.

For the purpose of this study, an “element” is defined as an integral part of the
structure, such as a girder, floorbeam, deck, or rail. Elements described within
correlate with those of the WSDOT Bridge Inspection Reports. For the purpose of
this study, a “component” is an integral part of an element, such as a plate, rivet,

or angle structural shape.

Restoration Alternative Assessment
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STRUCTURAL RESTORATION METHODS

The steel elements of this structure account for most of the deterioration in the
structure. The steel elements consist of both single-component elements, such
as a rolled beam stringer, and multi-component built-up, riveted elements, such
as a floorbeam and truss chord. Corrosion accounts for almost all of the deterio-
ration in these elements. Repair methods for these elements can vary depending
upon the location and extent of the corrosion, and the level to which the load

carrying capacity of the structure is to be restored.

Generally, three feasible methods are available to address the deteriorated steel
elements.

“ Do nothing.

o,

% Strengthen and/or replace components of an element.

“ Replace the entire element.

DO NOTHING

If the corrosion section loss or other damage does not significantly reduce an
element’s load carrying capacity, this method can be applied. The activities could
involve the following:

o,

<+ Blast clean to remove corroded material.

o,

% Assess the element for damage and section loss.

°,

< Apply the new coating system.

STRENGTHEN AND/OR REPLACE COMPONENTS OF AN ELEMENT

If the corrosion section loss or other damage significantly reduces an element’s
load carrying capacity, this method can be applied. By applying this method, it is
assumed that it is cost effective and structurally viable. The activities could in-

volve the following:
< Blast clean to remove corroded material.
< Assess the element for damage and section loss.

“ Install a temporary support system, if needed structurally for the removal of
a component.

% Remove and replace with like components

Restoration Alternative Assessment
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« Strengthen the element with the addition of components, such as plates and
shapes. The repair would use high-strength bolts as fasteners.

<+ Remove the temporary support system.

< Apply the new coating system.

REPLACE THE ENTIRE ELEMENT

If the corrosion section loss or other damage significantly reduces an element’s
load carrying capacity, this method can be applied. By applying this method it is
assumed that it is structurally viable and is cost effective to replace in its en-
tirety. The activities could involve the following:

< Install a temporary support system, if needed structurally for the removal of
the element.

“ Remove the element and replace with an element in kind. The replacement
would use high-strength bolts as fasteners.

<+ Remove the temporary support system.

<  Apply the new coating system.

STRUCTURAL RESTORATION SCOPE

The following repairs, replacements, and installation of bridge elements is antici-
pated for the restoration of this structure.

WEST APPROACH, UPPER ROADWAY

“ Span 2 over SR 705 SB was constructed in 1973 to current HS-20 loading
standards. The condition of the span is good. The deck and sidewalks could
remain intact unless replacement is necessary for other needs.

<+ Deck — Replace the existing light-
weight concrete deck with concrete.

The poor condition of the deck war-
rants its replacement. Removal of the
deck is considered necessary for ac-
complishing repairs to the steel ele-
ments. The removal exposes hidden
corrosion damage and facilitates the
repair and replacement of elements
and components by providing access
and dead load reduction.

DECK ELEMENT WITH SIDEWALK ELEMENT
IN BACKGROUND

Restoration Alternative Assessment

28



0,
L4

0,
L4

0,
L4

Murray Morgan Bridge
Bridge Feasibility Study

— Install new deck joint system with the new deck.

— Install new stormwater collection and treatment system catch basins in
the new deck. The system provides in-situ filler treatment for direct dis-
charge into the Waterway or the City’s system. This work might result in
a finding of “adverse effect” since the basins are larger and heavier than
traditional catch basins and could be difficult to minimize their pres-
ence visually.

Sidewalks — Replace the existing concrete sidewalks. Removal of the side-
walks is considered necessary for accomplishing repairs to the steel elements.
The removal exposes hidden corrosion damage and facilitates the repair and
replacement of elements and components by providing access and dead load
reduction.

Rail — Repair or replace the existing steel lattice pedestrian rail with one in
kind. The existing rail has extensive corrosion of the posts and lattice panels.
Restoration of the existing rail is an alternative to a new rail, but this ap-
proach should be evaluated for cost and feasibility. Enhancing the rail to
meet current safety standards could result in a finding of “Adverse Effect”
unless no other prudent and feasible alternatives are available.

Roadway Stringers — Replace 50 percent of the upper-roadway stringers.
Repair the damage to the remaining 50 percent of the stringers, as needed.

Sidewalk Stringers — Replace all the upper-roadway exterior sidewalk string-
ers. Replace 25 percent of the interior sidewalk stringers. Repair any damage
to the remaining stringers, as needed.

Sidewalk Brackets — Repair the dam-
age to all the upper-roadway sidewalk
support brackets, as needed.

Riveted Girders — Repair the damage
to all the upper-roadway riveted gird-
ers, as needed.

Floorbeams — Repair the damage to all
the upper-roadway floorbeams, as

needed.

WEST APPROACH SIDEWALK SUPPORT BRACKETS
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Steel Columns — Repair the dam-
age to all the steel columns, as
needed.

Lower Deck — Rehabilitate all lower
deck elements, including the exist-

ing pedestrian walkway and stair-
way. . N2
i o h
Coating System — Remove and re- AU RE. :
place the failing coating system on WEST APPROACH STEEL COLUMNS

all steel elements. The coating
scheme should be historic compliant.

MAIN SPANS

Deck — Replace the existing lightweight concrete deck with concrete. The
poor condition of the deck warrants its replacement. Removal of the deck is
considered necessary for accomplishing repairs to the steel elements. The
removal exposes hidden corrosion damage and facilitates the repair and re-
placement of elements and components by providing access and dead load
reduction. Other deck options, such as open steel grid and fiber reinforced
polymer (FRP), are available for the lift span if maintaining a light weight
deck is a concern. These options require additional investigation for cost
and applicability to this span.

— Install new deck joint system with the new deck.

— Install new stormwater collection and treatment system catch basins in
the new deck. The system provides in-situ filler treatment for direct dis-
charge into the waterway or the City’s stormwater system. This work
could result in a finding of “Adverse Effect” since the basins are larger
and heavier than traditional catch basins and could be difficult to mini-
mize their presence visually.

— Install a curbside traffic barrier on each side of the roadway. This rail
serves as protection for vehicles and the trusses. This work could result
in a finding of “adverse effect”.

Concrete Sidewalks — Replace the existing concrete sidewalks. Removal of
the sidewalks is considered necessary for accomplishing repairs to the steel
elements. The removal exposes hidden corrosion damage and facilitates the
repair and replacement of elements and components by providing access
and dead load reduction.
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Timber Sidewalks — Replace the existing timber lift span sidewalks with
new timber. Use of lightweight materials such as, metal or FRP could result in
a finding of “Adverse Effect.” Removal of the sidewalks facilitates the repair
and replacement of the supporting elements.

Rail — Repair or replace the existing steel lattice pedestrian rail with one in
kind. The existing rail has extensive corrosion of the posts and lattice panels.
Restoration of the existing rail is an alternative to a new rail, but this ap-
proach should be evaluated for cost and feasibility. Enhancing the rail to
meet current safety standards could result in a finding of “Adverse Effect”
unless no other prudent and feasible alternatives are available.

Roadway Stringers — Replace all the exterior roadway stringers on the truss
spans. Replace the stringer connection to the floorbeam on all the interior
stringers. The stringers are experiencing fatigue failure of the rivets in the
connections to the floorbeams.

Sidewalk Stringers — Replace all the exterior sidewalk stringers and 50
percent of the interior sidewalk stringers. Repair the damage to the remain-
ing stringers, as needed.

Sidewalk Brackets — Replace all the sidewalk support brackets.

Floorbeams — Replace the two end floorbeams in each of the three truss
spans. Repair the damage to the remaining floorbeams, as needed.

Bottom Chords — Repair the damage
to the bottom chords of the three truss
spans. Repairing the bottom chords at
the panel points can be a complicated
procedure that requires temporary el-
ements to support the truss or work
area during the repair.

Truss Elements — Repair the damage
to the truss elements above the bot-

tom chords, as needed.

Bearings — Replace the truss roller nest
bearings at Piers 1 and 4.

Coating System — Remove and replace the failing coating system on all steel
elements. The coating scheme should be historic compliant.

Restoration Alternative Assessment
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< Piers — Repair the spalled concrete in Piers 1 through 4, and repair cracks in
the pier caps.

< Pier Footings — Repair the voids in the pier footings at locations of exposed
timber piles.

EAST APPROACH SPANS

“ Replace the entire east approach structure from Pier 4 to the east touch-
down point. Replace with a new structure consisting of a 680-foot-long, six-
span segment of prestressed concrete girder superstructure with a concrete
substructure, and a 210-foot long segment of retained earth approach. The
deck consists a 50'-0" roadway to match the main spans and two 8' sidewalks.

SEISMIC RETROFIT SCHEMES FOR WEST APPROACH AND
MAIN SPANS

PHASE | SEISMIC RETROFIT
Work during this phase is intended to prevent superstructure pull-off and bearing
failure. This would include the bearing areas at Piers 1 through 4 and the lift span.

PHASE Il SEISMIC RETROFIT
Work during this phase involves substructure (columns and footings) ductility
enhancement and strengthening with the intent of preventing collapse of the

structure.

Conceptual seismic retrofit schemes for the Murray Morgan Bridge were devel-

oped using existing data. The following documents were provided for review:

“ The Murray Morgan Bridge Summary Report, Seismic Study section pre-
pared by WSDOT dated June 1997, a reference of the Tacoma Central Busi-
ness District to Port Connection Study dated October 2003.

< Partial plans for the existing main bridge and approaches, dated 1911.

% Miscellaneous site photographs including several WSDOT Bridge Inspection
photos dated March 4, 2004.
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The existing seismic study prepared by WSDOT indicated a number of structural
elements for which the capacity to demand ratios (C/D) were less than 1.0 for the
design-level earthquake, indicating potential failure points in the structure. Figure
6.1 lists those elements from the seismic study. The last column of the table lists
possible seismic retrofit measures based our qualitative evaluation of the docu-
ments provided and did not include any analysis.

FIGURE 6.1: CAPACITY TO DEMAND RATIOS LESS THAN 1.0

LOCATION/COMPONENT C/D COMMENT POSSIBLE RETROFIT MEASURE
MAIN SPANS
Base of pier 0.21 Longitudinal bending Increase longitudinal bending capacity of the existing

concrete piers. Encase the existing piers with reinforced
concrete around perimeter extending to a height where the
C/Dratio>1.0.

Timber Piles 0.42 Lowest C/D ratio Increase the overturning and lateral resistance of the
dueto bending existing foundation. Enlarge the existing pile cap with
reinforced concrete and provide additional piling around
perimeter.
Towerbrace 0.33  Inclined member Replace or strengthen existing steel members and
bracing maintowerleg  connections.
EASTAPPROACH
Piles 0.23  LowestC/Dratiodueto  N/A-Scheduled forreplacement
bending attop
WESTAPPROACH
Bent9 centercolumn 0.25  Atlowerroadway. Replace or strengthen existing steel members and
Existing condition. connections.

The possible retrofit measures listed in Figure 6.1 will affect the response of the
structure. In particular, the retrofit measures that are suggested for the main
span piers and foundations would increase the mass and stiffness of the structure.
These will likely increase seismic demands on other structural elements and will
need to be addressed during final design. It is recommended that an allowance

for this work be included in any planning-level estimates.

The existing seismic study was limited to an evaluation of the substructure ele-
ments of the main spans and east approach, with the exception west approach
Bent 9 and the analysis of selected truss tower members. It is not known if the

seismic study evaluated the capacities of the existing connections and restrain-
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ing devices. It is conceivable that this work may be required in some locations.
Furthermore, due to the limited evaluation of the west approach, it is unknown if
additional retrofit measures are required for the foundations and other bents. It
is recommended that an allowance for this work be included in any planning-

level estimates.

COATING SYSTEM

OPTIONS

There are several possible options for coating rehabilitation on steel structures.
However, viable options depend on the condition of the existing coating system.
The state of the current coating system on the Murray Morgan Bridge lends itself
to only one recommendation for coating rehabilitation: the complete removal of
the current coating, plus the underlying mill scale. Too many coating systems
have already been applied; the existing coating is too thick to support additional
overcoating. The coating has also degenerated due to oxidation and other failure
mechanisms to a degree that also does not lend itself to any other course of action
but removal. Mill scale looks to be present in many areas under the existing
coating and is also breaking up and delaminating, furthering the coating failure.

The complete removal of the existing coating found on the structure and the
subsequent application of a three-coat moisture-cure polyurethane would be the
recommendation. The moisture-cure polyurethane is recommended because of
the environment in which the structure is located. This coating system can be
applied under relatively adverse weather conditions, plus it has the additional

value of being tolerant of substrate conditions.

FEASIBILITY

There are many factors and concerns affecting the coating rehabilitation of this
structure. The structure itself offers many challenges. The configuration and in-
tricacies of the total structure presents access and coating problems. There are
numerous cross bracing, back-to-back steel, connection, and lattice work con-

figurations, as well as the lift span with the complications it presents.

In addition to the structure itself, the location presents difficulties. First, the
main spans bridge a waterway with river traffic that occasionally requires bridge
openings. The west approach is located over a parking area, a frontage road, a rail
line, and a freeway. Each one of these areas alone presents a separate challenge
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during a re-coating project. Environmental issues, as well as the protection of
vehicles, trains, river traffic, and pedestrians all have to be addressed. Each can

place special requirements throughout the work.

Finally, there is the existing coating and underlying mill scale with which to con-
tend. The coating is thick, with areas of brittleness, and areas where the coating is
still soft. The mill scale under the coating is hard, and in many areas tightly ad-
hering. This makes for difficult removal for both the coating and the underlying
mill scale. Decisions have to be made on the coating system to utilize, the use of

stripe coats, plus other painting questions.

All of these facets occuring together provide for a difficult project. How each
facet is to be dealt with impacts the project and its cost. There are many questions
and unknowns that would have to be answered during the design phase that would
determine how the project would take shape. These would have to be addressed

before a project course of action could be determined.

The expected service life of the steel and the repairs to the steel is dependent
upon the extent of removal of active corrosion, and the quality and maintenance
of the coating system applied for protection. After construction, a comprehen-
sive and active maintenance program that addresses deterioration in a timely

manner is vital to achieving maximum service life.

The main concern would be proper surface preparation during the coating project.
The existing system must be completely removed along with any mill scale present.
The more intricate portion of the structure at the west end presents coating prob-
lems that could effect the life of the coating if proper inspection is not performed.
Edges, back-to-back members, riveted, or bolted connections all are prone to
premature failure. If a three-coat system were applied with at least one addi-
tional stripe coat added to all areas prone to failure, the system should last 25
years or more with little maintenance. With some preventative maintenance paint-
ing as some of the described areas begin to fail, the system could last a great deal
longer. This maintenance painting could occur in the 2nd or 3rd year and then
every 5-10 years thereafter. The first maintenance, after two or three years, is

important. It catches areas either missed or poorly coated.
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LIFT SPAN OPERATIONAL SYSTEM

MECHANICAL

Mechanical restoration will only be possible with knowledge that the existing
bridge design includes a severe deficiency relating to the rated capacity of the
counterweight ropes. According to the H&H “Wire Rope Testing Report,” the
factor of safety for statically loaded conditions should be 8:1, but the wire ropes
tested had a factor of safety of approximately 2.1:1 (almost four times lower than
the current standard!). New ropes of the same diameter, but of “Independent
Wire Rope Core” construction and EEIPS material would raise this factor of safety
to approximately 4.8:1. If the owner is willing to accept this deficiency, as well as
the other AASHTO deficiencies noted in items M11 to M14, mechanical restora-
tion would include items M1-M10 and M15-M16, as identified in Section 5, Exist-

ing Conditions.

ELECTRICAL SYSTEM

The existing electrical system deficiencies are such that a simple electrical resto-
ration, i.e., simply replacing deficient components in kind, is not adequate for
this bridge. This is because the existing system has a significant number of ac-
cepted practice and code violations that cannot be continued once any signifi-
cant remedial work is performed on the system. Therefore, the restoration of the
electrical system considered herein also includes modifications to eliminate the
various safety hazards and code violations identified in the previous inspection.
The basic scope of the electrical system restoration is presented below in same
order as deficiencies previously mentioned.

A. Safety Issues
1. Elimination of 7200-volt feeder and transformers in approach span, and
installation of a grounded 480-volt service in their place.

2. Elimination of sliding pickup/power bus at each end of lift span, and installa-
tion of flexible aerial droop cables instead.

3. Enclose open-frame motor resistors.

4. Determination of asbestos content of wall sheeting behind motor resistors
and protective fabric around wire bundles at control console (including any
necessary removal/remediation of asbestos, if present).

5. Replacement of traffic gate warning lights.

6. Addition of structural grounding at both towers.
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B. Code Violations

1. Addition of set/release limit switches on brakes.
2. Update circuit breakers and motor overloads for code compliance.
3. Properly remarking/replacing the existing green insulated conductors used

for general wiring purposes other than grounding.

4. Addition of on-off switches for traffic signals.

C. Reliability Issues

1. Replacement of damaged or corroded conduits.
2. Removal of abandoned conduits.
3. Replacement of old circuit breakers and fuses in machinery house with mod-

ern circuit breaker panelboard.

4. Replacement of broken indicators and pushbuttons/switches on control con-
sole, and removal of abandoned components.

The advantage of this type of remediation is that it represents the lowest initial
cost. The disadvantage is that it provides the shortest remaining life, and fails to
incorporate newer technological advances that would improve overall bridge
operational performance and reduce the number of personnel required to oper-
ate the bridge.

While this type of restoration should significantly extend the useful service life of
the bridge electrical system, it will not likely provide the length of life attainable

with a total rehabilitation or complete electrical system replacement.

GEOTECHNICAL

Under the restoration alternative, it is not anticipated that foundation restora-
tion would be performed. Under design-level earthquake ground motions, there
is a relatively high risk that significant permanent displacements of the pier foun-

dations may occur due to liquefaction.

CONSTRUCTION PHASE

Managing traffic during construction work can be handled by a full closure to all

vehicle and pedestrian/bicycle traffic, or by a limited use procedure.
Full traffic closure during construction is the preferred alternative. Restoration

and rehabilitation work can be completed in less time and at lower cost if all
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traffic were restricted from the bridge. The work to repair the steel elements on
the bridge is a controlling factor. With the steel repairs, the controlling factor for
efficient and effective repairs is good access to the problem area and the reduc-
tion of loading in the member to be repaired. The majority of the steel repairs are
in the near vicinity of the deck. The deck limits access to the corroded steel and
contributes to a significant portion of the dead load in some members. Replace-
ment or even the rehabilitation of an element, such as a floorbeam that is posi-
tioned fully across the roadway, might only be accomplished by total removal of
the deck in the vicinity. Full closure to traffic is a significant benefit to the con-
struction work.

A limited traffic use alternative will definitely add a premium to the construction
cost. Since the usage on this bridge is now low, the additional cost might not
justify the benefit to the bridge user. Limited traffic use could consist of two lanes
of vehicle traffic shared by pedestrians and bicycles, and the construction zone.
Traffic is now limited to two lanes on the bridge, so there would be only minor
impact to vehicle traffic with a slight reduction in lane width. On the main spans,
pedestrians and bicycles would be restricted to the roadway since the sidewalks
are not functional due to excessive deterioration. Sharing the roadway with ve-
hicles could be unsafe. A sidewalk could be available for pedestrians and bicycles
on the approach spans. Repair costs could be significantly higher for those ele-
ments that require access and load reduction, such as floorbeams and lower
chords. Work would be performed in stages and could require a temporary or
significantly stronger temporary support system under a limited use procedure.
This alternative is likely to involve numerous short-term total closures to com-

plete the work.

Restoration Alternative Assessment

38



Murray Morgan Bridge
Bridge Feasibility Study

/.
REHABILITATION ALTERNATIVE

ASSESSMENT
CrEADD

Rehabilitation entails design and construction of repairs to the existing structure
without meeting local, state, and federal requirements necessary to receive a
determination of “No Adverse Effect” from agencies regulating impacts to his-

toric resources.

Rehabilitation can consist of the repair, replacement, and strengthening of bridge
elements that are deficient by deterioration, by the change of design and safety
standards, or by the lack of structural capacity of the original element for current
vehicle loads. Rehabilitation can be performed with methods and materials that
are consistent with current practices. It can also be performed with methods and
materials that are consistent with the original design and character of the struc-
ture. This latter approach is also considered to be a restoration process. An ex-
ample of a rehabilitation could be the replacement of the lattice pedestrian rail
with a new rail of different architectural features that meets current safety stan-
dards. This work is likely to receive a determination of “Adverse Effect”
to the historical character of the structure.

For the purpose of this study, an “element” is defined as an integral part of the
structure, such as a girder, floorbeam, deck, or rail. Elements described within
this report correlate with those of the WSDOT Bridge Inspection Reports. For the
purpose of this study, a “component” is an integral part of an element, such as a
plate, rivet, or angle structural shape.

STRUCTURAL REHABILITATION METHODS

The steel elements of this structure account for most of the deterioration in the
structure. The steel elements consist of both single-component elements, such
as a rolled beam stringer, and multi-component, built-up riveted elements, such
as a floorbeam and truss chord. Corrosion accounts for almost all of the deterio-

ration in these elements. Repair methods for these elements can vary depending
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upon the location and extent of the corrosion, and the level to which the load
carrying capacity of the structure is to be restored.

Generally, three feasible methods are available to address the deteriorated steel
elements.
“ Do nothing.

°,

“ Strengthen and/or replace components of an element.

% Replace the entire element.

DO NOTHING

If the corrosion section loss or other damage does not significantly reduce an
element’s load carrying capacity, this method can be applied. The activities could
involve the following:

<+ Blast clean to remove corroded material.

o,

< Assess the element for damage and section loss.

°,

“ Apply the new coating system.

STRENGTHEN AND/OR REPLACE COMPONENTS OF AN ELEMENT

If the corrosion section loss or other damage significantly reduces an element’s
load carrying capacity, this method can be applied. By applying this method it is
assumed that it is cost effective and structurally viable. The activities could in-
volve the following:

% Blast clean to remove corroded material.
“» Assess the element for damage and section loss.

% Install a temporary support system, if needed structurally for the removal of
a component.

< Remove and replace with like components.

“ Strengthen the element with the addition of components, such as plates and
shapes. The repair uses high-strength bolts as fasteners.

<»  Remove the temporary support system.

< Apply the new coating system.
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REPLACE THE ENTIRE ELEMENT

If the corrosion section loss or other damage significantly reduces an element’s

load carrying capacity, this method can be applied. By applying this method, it is

assumed that it is structurally viable and is cost effective to replace in its en-

tirety. The activities could involve the following:

Install a temporary support system, if needed structurally for the removal of
the element.

Remove the element and replace with an element of like-kind or with one
meeting current construction practices. The replacement would use high-
strength bolts as fasteners.

Remove the temporary support system.

Apply the new coating system.

STRUCTURAL REHABILITATION SCOPE

The following repairs, replacements, and installations of bridge elements is an-

ticipated for the rehabilitation of this structure:

West Approach, Upper Roadway

°,
o

Replace the 22-foot and 16-foot span portions of Span 1 with one span and
remove the intermediate bent. The deck and sidewalks would be replaced
and, for little additional cost, the bent can be removed and new girders in-
stalled.

Span 2 over SR 705 SB was constructed in 1973 to current HS-20 loading
standards. The condition of the span is good. The deck and sidewalks could
remain intact unless replacement is necessary for other needs.

Deck - Replace the existing lightweight concrete deck. The poor condition of
the deck warrants its replacement. Removal of the deck is considered neces-
sary for accomplishing repairs to the steel elements. The removal exposes
hidden corrosion damages and facilitates the repair and replacement of ele-
ments and components by providing access and dead load reduction.

— Install new deck joint system with the new deck.

— Install new stormwater collection and treatment system catch basins in
the new deck. The system provides in-situ filter treatment for direct
discharge into the waterway or the City’s stormwater system.
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— Install a curbside traffic barrier on each side of the roadway. It is esti-
mated that the sidewalk support system with the pedestrian rail could
not be designed as a traffic-pedestrian barrier without significant modi-
fications.

Sidewalks - Replace the existing concrete sidewalks. Removal of the side-
walks is considered necessary for accomplishing repairs to the steel elements.
The removal exposes hidden corrosion damages and facilitates the repair
and replacement of elements and components by providing access and dead
load reduction.

Rail - Replace the existing steel lattice pedestrian rail with a new steel rail
designed to current standards. The existing rail has extensive corrosion of
the posts and lattice panels.

Roadway Stringers - Replace 50 percent of the upper-roadway stringers.
Repair the damage to the remaining 50 percent of the stringers, as needed.

Sidewalk Stringers - Replace all the upper-roadway exterior sidewalk string-
ers. Replace 25 percent of the interior sidewalk stringers. Repair any damage
to the remaining stringers, as needed.

Sidewalk Brackets - Repair the damage to all the upper-roadway sidewalk
support brackets, as needed.

Riveted Girders - Repair the damage to all the upper-roadway riveted gird-
ers, as needed.

Floorbeams - Repair the damage to all the upper-roadway floorbeams, as
needed.

Steel Columns - Repair the damage to
all the steel columns, as needed.

Lower Deck - Rehabilitate all ele-
ments supporting the pedestrian walk-
way. Remove all other elements not
required for structural integrity of the
west approach spans.

Coating System - Remove and replace

the failing coating system on all steel WEST APPROACH LOWER DECK ELEMENTS BELOW THE

elements. BRIDGE ROADWAY.
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MAIN SPANS

Deck - Replace the existing lightweight concrete deck. The poor condition of
the deck warrants its replacement. Removal of the deck is considered neces-
sary for accomplishing repairs to the steel elements. The removal exposes
hidden corrosion damages and facilitates the repairs and replacements of
elements and components by providing access and dead load reduction.
Other deck options, such as open steel grid and fiber reinforced polymer (FRP),
are available for the lift span if maintaining a light weight deck is a concern.
These options require additional investigation for cost and applicability to
this span.

— Install new deck joint system with the new deck.
— Install new deck joint system with the new deck.

— Install new stormwater collection and treatment system catch basins in
the new deck. The system provides in-situ filter treatment for direct
discharge into the waterway or the City’s stormwater system.

— Install a curbside traffic barrier on each side of the roadway. This rail
serves as protection for vehicles and the trusses.

Concrete Sidewalks - Replace the existing concrete sidewalks. Removal of
the sidewalks is considered necessary for accomplishing repairs to the steel
elements. The removal exposes hidden corrosion damages and facilitates
the repair and replacement of elements and components by providing ac-
cess and dead load reduction.

Timber Sidewalks - Replace the existing lift span timber sidewalks with simi-
lar lightweight material such as timber, metal, or FRP. Removal of the side-
walks facilitates the repair and replacement of the supporting elements.

Rail - Replace the existing steel lattice pedestrian rail with a new steel rail
designed to current standards. The existing rail has extensive corrosion of
the posts and lattice panels.

Roadway Stringers - Replace all the exterior roadway stringers on the truss
spans. Replace the stringer connection to the floorbeam on all the interior
stringers. The stringers are experiencing fatigue failure of the rivets in the
connections to the floorbeams.

Sidewalk Stringers - Replace all the exterior sidewalk stringers and 50 per-
cent of the interior sidewalk stringers. Repair the damage to the remaining
stringers, as needed.

Sidewalk Brackets - Replace all the sidewalk support brackets.
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<  Floorbeams - Replace the two end
floorbeams in each of the three truss
spans. Repair the damage to the re-
maining floorbeams, as needed.

<+ Bottom Chords - Repair the damage
to the bottom chords of the three truss
spans. Repairing the bottom chords at
the panel points can be a complicated

procedure that requires temporary el- MAIN SPANS — VIEW UNDER THE DECK. BOTTOM
ements to support the truss or work CHORDS, FLOORBEAMS & SIDEWALK BRACKETS

area during the repair.

< Truss Elements - Repair the damage to the truss elements above the bottom
chords, as needed.

< Bearings - Replace the truss roller nest bearings at Piers 1 and 4.

“ Coating System - Remove and replace the failing coating system on all steel
elements.

% Piers - Repair the spalled concrete in Piers 1 through 4, and repair cracks in
the pier caps.

% Pier Footings - Repair the voids in the pier footings at locations of exposed
timber piles.

East Approach Spans

% Replace the entire east approach structure from Pier 4 to the east touch-
down point. Replace with a new structure consisting of a 680-foot-long, six-
span segment of prestressed concrete girder superstructure with a concrete
substructure, and a 210-foot-long segment of retained earth approach. The
deck consists a 50'-0" roadway to match the main spans and two 8’ sidewalks.

SEISMIC RETROFIT SCHEMES FOR WEST APPROACH AND
MAIN SPANS
PHASE | SEISMIC RETROFIT

Work during this phase is intended to prevent superstructure pull-off and bearing
failure. This would include the bearing areas at Piers 1 through 4 and the lift span.

PHASE Il SEISMIC RETROFIT
Work during this phase involves substructure (columns and footings) ductility

enhancement and strengthening.
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Conceptual seismic retrofit schemes for the Murray Morgan Bridge were devel-

oped using existing data. The following documents were provided for review:

“» The Murray Morgan Bridge Summary Report, Seismic Study section pre-
pared by WSDOT dated June 1997, a reference of the Tacoma Central Busi-
ness District to Port Connection Study dated October 2003.

< Partial plans for the existing main bridge and approaches dated 1911.

“ Miscellaneous site photographs, including several WSDOT Bridge Inspection
photos dated March 2004.

The existing seismic study indicated a number of structural elements for which
the capacity to demand ratios (C/D) were less than 1.0 for the design level earth-
guake indicating potential failure points in the structure. Figure 7.1 lists those
elements from the seismic study. The last column of the table lists possible seis-
mic retrofit measures based our qualitative evaluation of the provided docu-
ments and did not include any analysis.

FIGURE 7.1: CAPACITY TO DEMAND RATIOS LESS THAN 1.0

LOCATION/COMPONENT C/D COMMENT POSSIBLE RETROFIT MEASURE
MAIN SPANS
Base of pier 0.21  Longitudinal bending Increase longitudinal bending capacity of the existing

concrete piers. Encase the existing piers with reinforced
concrete around perimeter extending to a height where the
C/Dratio>1.0.

Timber Piles 0.42  LowestC/Dratio due Increase the overturning and lateral resistance of the
to bending existing foundation. Enlarge the existing pile cap with
reinforced concrete and provide additional piling around
perimeter.
Towerbrace 0.33 Inclined memberbracing Replace or strengthen existing steel members and
main tower leg connections.
EASTAPPROACH
Piles 0.23 LowestC/Dratiodueto  N/A-Scheduled forreplacement
bending attop
WESTAPPROACH
Bent9 centercolumn 0.25  Atlowerroadway. Replace or strengthen existing steel members and

Existing condition. connections.
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The possible retrofit measures listed in Figure 7.1 will affect the response of the
structure. In particular, the retrofit measures that are suggested for the main
span piers and foundations would increase the mass and stiffness of the structure.
These will likely increase seismic demands on other structural elements and will
need to be addressed during final design. It is recommended that an allowance
for this work be included in any planning-level estimates.

The existing seismic study was limited to an evaluation of the substructure ele-
ments of the main spans and east approach with the exception west approach
Bent 9 and the analysis of selected truss tower members. It is not known if the
seismic study evaluated the capacities of the existing connections and restrain-
ing devices. It is conceivable that this work may be required in some locations.
Furthermore, due to the limited evaluation of the west approach, it is unknown if
additional retrofit measures are required for the foundations and other bents. It
is recommended that an allowance for this work be included in any planning-
level estimates.

COATING SYSTEM
OPTIONS

There are several possible options for coating rehabilitation on steel structures.
However, viable options depend on the condition of the existing coating system.
The state of the current coating system on the Murray Morgan Bridge lends itself
to only one recommendation for coating rehabilitation: the complete removal of
the current coating and the underlying mill scale. Too many coating systems
have already been applied; the existing coating is too thick to support additional
overcoating. The coating has also degenerated due to oxidation and other failure
mechanisms to a degree that also does not lend itself to any other course of action
but removal. Mill scale looks to be present in many areas under the existing

coating and is also breaking up and delaminating, furthering the coating failure.

The complete removal of the existing coating found on the structure and the
subsequent application of a three-coat, moisture-cure polyurethane would be
the recommendation. The moisture-cure polyurethane is recommended because
of the environment in which the structure is located. This coating system can be
applied under relatively adverse weather conditions, plus it has the additional

value of being tolerant of substrate conditions.
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FEASIBILITY

There are many factors and concerns affecting the coating rehabilitation of this
structure. The structure itself offers many challenges. The configuration and in-
tricacies of the total structure present access and coating problems. There are
numerous cross bracing, back-to-back steel, connection, and lattice work con-

figurations, as well as the lift span with the complications it presents.

In addition to the structure itself, the location presents difficulties. First, the
main spans bridge a waterway with river traffic that occasionally requires bridge
openings. The west approach is located over a parking area, a frontage road, a rail
line, and a freeway. Each one of these areas alone presents a separate challenge
during a recoating project. Environmental issues, as well as the protection of
vehicles, trains, river traffic, and pedestrians all have to be addressed. Each can

place special requirements throughout the work.

Finally, there is the existing coating and underlying mill scale with which to con-
tend. The coating is thick, with areas of brittleness, and areas where the coating is
still soft. The mill scale under the coating is hard, and, in many areas, tightly
adhering. This makes for difficult removal for both the coating and the underly-
ing mill scale. Decisions have to be made on the coating system to utilize, the use

of stripe coats, plus other painting questions.

All of these facets occuring together provide for a difficult project. How each
facet is to be dealt with impacts the project and its cost. There are many questions
and unknowns that would have to be answered during the design phase that would
decide on how the project would take shape. These would have to be addressed

before a project course of action could be determined.

The expected service life of the steel and the repairs to the steel is dependent
upon the extent of removal of active corrosion, and the quality and maintenance
of the coating system applied for protection. After construction, a comprehen-
sive and active maintenance program that addresses deterioration in a timely

manner is vital to achieving maximum service life.

The main concern would be proper surface preparation during the coating project.
The existing system must be completely removed, along with any mill scale
present. The more intricate portion of the structure at the west end presents

coating problems that could affect the life if proper inspection is not performed.
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Edges, back-to-back members, riveted, or bolted connections all are prone to
premature failure. If a three-coat system were applied with at least one addi-
tional stripe coat added to all areas prone to failure, the system should last 25
years or more with little maintenance. With some preventative maintenance paint-
ing as some of the described areas begin to fail, the system could last a great deal
longer. This maintenance painting could occur in the 2nd or 3rd year, and then
every 5-10 years thereafter. The first maintenance, after two or three years, is

important. It catches areas either missed or poorly coated.

LIFT SPAN OPERATIONAL SYSTEMS

MECHANICAL

This option would essentially eliminate all AASHTO deficiencies, including the
deficiency relating to the rated capacity of the counterweight ropes, but it would
require significant additional modifications. Mechanical rehabilitation would in-
clude items M1-M4, M6-M7, and M10-M16, as identified in Section 5, Existing
Conditions.

ELECTRICAL

This option assumes a complete rehabilitation of the electrical system in which
the majority of the electrical components, wiring, and conduits would be re-
placed. It would eliminate all deficiencies.

The advantages of this type of remediation is that it would improve overall bridge
operational performance, provide the longest useful service life of the electrical
system, and reduce the number of personnel required to operate the bridge to
just a single operator. The disadvantage is that it results in a higher initial cost
than a restoration.

The electrical system would be totally redesigned to utilize automated sequenc-
ing of bridge controls, preferably with an industrial programmable logic control-
ler, incorporating all required safety interlocking. Traffic barriers/gates would
be replaced with motorized units, and, along with traffic signals, would be con-
trolled from the control console, thereby allowing the bridge to be operated
simply by a single bridge operator. Traffic gates/barriers and signals would be
located in compliance with AASHTO and MUTCD.

Span positioning and position indication would by via the full compliment of
limit switches required by AASHTO and digital encoders, allowing precise deter-
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mination of lift span position at any time during operation. Precise lift span speed

and torque control would be provided by a modern and cost-effective industrial

AC flux vector drive and AC inverter duty drive motor for high operational con-

sistency and reliability.

Electric service to the bridge would be a single, 480-volt industrial feed, utilizing

the more common practice of elevator type aerial droop cables from tower to lift

span, thereby eliminating both high voltage and dangerous sliding contacts and

exposed electrical bus runs on the bridge. All conduit and wiring on the bridge

would be replaced.

A.

1.

Safety Issues

Elimination of 7200-volt feeder and transformers from approach span, and
other lower voltage services, and installation of a single, grounded 480-volt
service for the entire bridge.

Elimination of sliding pickup/power bus at each end of lift span, and installa-
tion of flexible aerial droop cables instead.

Elimination of open frame motor resistors (see C.6. below).

Determination of asbestos content of wall sheeting behind motor resistors
and protective fabric around wire bundles at control console (including any
necessary removal/remediation of asbestos, if present).

Replacement of traffic gate warning lights (see C.8. below).

Addition of structural grounding at both towers.

Code Violations
Addition of set/release limit switches on brakes.

Replacement of existing motor circuit breakers and deficient overloads with
modern industrial motor starters for drive motor and each gate/barrier and
span lock motor.

Replacement of all green conductors used for general wiring (see C.5. be-
low).

Provide remote operation for traffic signals from the bridge control console.

Reliability Issues
Replacement of damaged or corroded conduits.

Removal of abandoned conduits.
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3. Replacement of old circuit breakers and fuses in machinery house with mod-
ern circuit breaker panelboard.

4. Replacement of entire bridge control console.
5. Replacement of all wiring.

6. Replacement of existing open frame drive motor and open frame motor
resisitors with new digital speed control and new totally enclosed inverter
duty drive motor.

7. Replacement of existing control interlocking with industrial digital program-
mable logic controller.

8. Replacement of existing traffic gates/barriers with new motorized units, re-
motely controlled from the bridge control console.

GEOTECHNICAL

Under the rehabilitation alternative, it is anticipated that retrofit to the main
span piers would be required to limit permanent displacement of the pier founda-
tions due to liquefaction. Based on our experience with similar projects, it is our
opinion that drilled shafts could be used to limit permanent foundation displace-
ments due to liquefaction. Drilled shafts (e.g., 6- to 10-foot diameter) would be
drilled into the very dense glacially overridden soils beneath the alluvium to
provide adequate vertical support through the potentially liquefiable alluvial
soils. The structural stiffness of the drilled shafts would also provide significant
lateral capacity and reduce the permanent pier foundation displacements due to
liquefaction. Requirements to limit foundation settlements during rehabilitation
construction and other site access constraints may make use of ground improve-
ment techniques to limit liquefaction and improve the strength of the soils around

the piers impractical.

CONSTRUCTION PHASE

Managing traffic during construction work can be handled by a full closure to all

vehicle and pedestrian/bicycle traffic, or by a limited use procedure.

Full traffic closure during construction is the preferred alternative. Restoration
and rehabilitation work can be completed in less time and at lower cost if all
traffic were restricted from the bridge. The work to repair the steel elements on
the bridge is a controlling factor. With the steel repairs, the controlling factor for

efficient and effective repairs is good access to the problem area and the reduc-
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tion of loading in the member to be repaired. The majority of the steel repairs are
in the near vicinity of the deck. The deck limits access to the corroded steel and
contributes to a significant portion of the dead load in some members. Replace-
ment or even the rehabilitation of an element, such as a floorbeam, that is posi-
tioned fully across the roadway might only be accomplished by total removal of
the deck in the vicinity. Full closure to traffic is a significant benefit to the con-
struction work.

A limited traffic use alternative will definitely add a premium to the construction
cost. Since the usage on this bridge is now low, the additional cost might not
justify the benefit to the bridge user. Limited traffic use could consist of two lanes
of vehicle traffic shared by pedestrians and bicycles, and the construction zone.
Traffic is now limited to two lanes on the bridge so there would be only minor
impact to vehicle traffic with a sight reduction in lane width. On the main spans,
pedestrians and bicycles would be restricted to the roadway since the sidewalks
are not functional due to excessive deterioration. Sharing the roadway with ve-
hicles could be unsafe. A sidewalk could be available for pedestrians and bicycles
on the approach spans. Repair costs could be significantly higher for those ele-
ments that require access and load reduction, such as floorbeams and lower
chords. Work would be performed in stages and could require a temporary or
significantly stronger temporary support system under a limited use procedure.
This alternative is likely to involve numerous short-term total closures to com-

plete this work.
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8.
REPLACEMENT ALTERNATIVE

ASSESSMENT
CrEADD

Replacement entails complete removal of the existing structure and construc-
tion of a new bridge. Planning-level cost estimates developed for the replace-
ment alternative are based on a new bridge layout and configuration that matches

existing alignment. A number of structure type options are available at this site.

The replacement bridge connects to the existing approach roadways at the west
and east, a distance of approximately 1,960 feet. The bridge consists of a 630-
foot-long steel girder spans west approach, a 295-foot-long steel through truss
main waterway vertical lift or bascule span, and a 1035-foot-long steel girder
spans and retained earth east approach. The deck consists of a 40'-0" roadway
and two 10'-0" sidewalks.

LIFT SPAN OPERATIONAL SYSTEM
MECHANICAL

This option would include entirely new operating machinery that would be de-
signed in accordance with the latest AASHTO standards. The new design would
greatly reduce maintenance costs by use of enclosed gear reducers (to replace
open gearing wherever possible), anti-friction bearings (to replace plain journal
type bearings wherever possible), and eliminating operating ropes.

ELECTRICAL

The electrical system for a replacement movable structure, whether bascule or
vertical lift, would be based on modern industrial, digital, variable-speed drives
for span motor control, and a digital programmable logic controller for the safety
interlocking and sequencing of bridge operations. All traffic control devices, such
as gates, barriers, and signals, would be controlled from the bridge control con-
sole. The new movable bridge would be operable by a single bridge operator. The

electrical system design would assume a nominal, 50-year service life.
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GEOTECHNICAL
Under this option, it is anticipated that drilled shafts (e.g., 6- to 10-foot diameter)

or cast-in-place (CIP) concrete piles with permanent driven steel casing could be
used provide adequate vertical and lateral support to the bridge foundations,
even under liquefied soil conditions. Both drilled shafts and CIP piles would bear
in the very dense glacially overridden soils beneath the alluvium to provide ad-
equate vertical and lateral support through the potentially liquefiable alluvial
soils. Ground improvement techniques to limit liquefaction and improve the
strength of the soils around the piers (e.g., vibro-replacement, compaction grout-
ing, jet grouting) may also be used in conjunction with drilled shafts or CIP piles
to reduce the size and costs of the shafts or piles and still achieve acceptable

foundation performance under design seismic ground motions.
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0.
HISTORIC COMPLIANCE

STRAGTEGY
G\Q/é\QKD

Because the Murray Morgan Bridge is on the National Register of Historic Places
(NRHP), repair work that has an “Adverse Effect” means there is alteration of the
character-defining features that make the property eligible for the NRHP. This
includes any work that diminishes the structure’s integrity of design, materials,
workmanship, location, setting, feeling, or association. An Historic Site Manage-
ment Plan would assist in developing decisions regarding changes to the bridge’s
present condition. Renovation, replacement, or removal of the existing struc-

ture would have adverse impacts to this recognized historic bridge.

The Historic Site Management Plan for the Murray Morgan Bridge should identify
the range of possibilities for replacing/rehabilitating the bridge. For example,
could the bridge become non—moveable and still retain NRHP eligibility? Could
the bridge be rehabilitated to accommodate lighter loads (i.e., not heavy trucks)

and maintain its historic integrity?

RESTORATION ALTERNATIVE

Restoration work on the bridge entailing the repair, replacement, and strength-
ening of bridge elements, must be performed with methods and materials that are
consistent with the original design and character of the structure. Restoration
repairs to the existing structure would be expected to meet local, state, and fed-
eral requirements necessary to receive a determination of “No Adverse Effect”
from agencies regulating impacts to historic resources. This determination would
be made in consultation with the SHPO. In this case, no mitigation measures

would be required.

REHABILITATION ALTERNATIVE

Rehabilitation work to repair, replace, and strengthen deteriorating bridge ele-

ments that would be performed with methods and materials that are consistent
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with current practices (that is, not consistent with the original design and charac-
ter of the structure) would have an “Adverse Effect.” Such work would not meet
local, state, and federal requirements, and would receive a determination of “Ad-
verse Effect” from agencies regulating impacts to historic resources. This deter-
mination would be made in consultation with the SHPO. In this case, mitigation
measures would be required (see discussion below).

REPLACEMENT ALTERNATIVE

Replacement entails complete removal of the existing structure and construc-
tion of a new bridge. This alternative would not meet local, state, and federal
requirements and would receive a determination of “Adverse Effect” from agen-
cies regulating impacts to historic resources. This determination would be made
in consultation with the SHPO. In this case, mitigation measures would be re-
quired (see discussion below).

POSSIBLE MITIGATION MEASURES

As a NRHP structure, consultation is required between interested parties to re-
solve “Adverse Effects.” In accordance with Section 106 of the Department of
Transportation Act, a Memorandum of Agreement (MOA) would be developed
and signed by FHWA, WSDOT, SHPO, and other appropriate agencies. Interested
“consulting parties” should be invited to participate in the process. This process
could be lengthy, given the strong interest in the bridge expressed by many local
citizens and groups. Six months may be a reasonable amount of time to complete

the process.

The range of appropriate measures to mitigate adverse impacts from the renova-
tion option and/or the replacement option would be included in the MOA. These
mitigation measures should be developed in consultation with the SHPO, WSDOT,

the Tacoma HPO, and other interested parties.

Mitigation steps could include the following:

o,

% Update the HAER report, which is now more than 11 years old (for example,
include important changes to the structure, add current photographs, add
more engineering drawings, add discussion of renaming of the bridge with
information about Murray Morgan).

< Replacement in kind of mechanical and architectural elements.
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Replacement with stylistically comparable architectural elements.

Removal for display/interpretation of salvaged structural and mechanical
elements.

Development of a public education on—site historical interpretative center
(signs, etc.).

Development of public educational materials, such as a web site, video his-
tory, and/or brochure.

If the bridge is to be replaced, consider donation and moving the bridge to
another location.

Determine the “Area of Potential Effect” (APE); consider the effect on adja-
cent/nearby existing and potential historic properties, the effect on the
bridge’s “view-shed,” the effect on nearby businesses that rely on the bridge
for customers and/or access, and the effect on the vertical APE (such as
potential archaeological investigation of the site).
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10.
CONSTRUCTION SCOPE OF WORK

CrEADD

FULL REPLACEMENT - ALTERNATIVE 1

A scope of work was developed with a planning-level cost estimate for replace-
ment of the entire structure. Replacement entails complete removal of the exist-

ing bridge and construction of a new bridge.

The replacement bridge connects to the existing approach roadways. The bridge
consists of a 630-foot-long steel girder spans west approach, a 295-foot-long
steel through truss main waterway vertical lift span, and a 1,035-foot-long steel
girder spans and retained earth east approach. The estimate is based on an out-
to-out deck width of 64 feet that consists of a 40-ft roadway, two 10-foot side-
walks, and barriers and rails. The estimate includes costs for mitigation measures

for impacting a historic resource.

The lifecycle yearly maintenance cost for the lift span mechanical and electrical
systems based on a 50-year system life is approximately $25,000. This cost is in
2004 dollars and does not include costs for the operator.

FULL REHABILITATION - ALTERNATIVE 2

A scope of work was developed with a planning-level cost estimate for the reha-
bilitation of the west approach and main spans and removal and replacement of

the east approach structures.

All bridge elements are repaired, replaced, or strengthened without meeting lo-
cal, state, and federal requirements necessary to receive a determination of “No
Adverse Effect” from agencies regulating impacts to historic resources. The esti-

mate includes costs for mitigation measures for impacting a historic resource.
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Rehabilitation work on the bridge could include:

WEST APPROACH
“»  Phase | and Il seismic retrofit.

% Remove elements of the lower deck not required for the stairway and struc-
ture integrity of the upper deck.

% Replace deck and sidewalks.
< Remove and replace coating system.

% Repair steel elements, including floorbeams, girders, stringers, sidewalk sup-
port brackets, pedestrian rail, and columns.

MAIN SPANS
< Phase I and Il seismic retrofit, including the lift span towers.

% Remove and replace coating system.

“» Replace lift span mechanical and electrical systems to meet current AASHTO
standards for movable bridges.

“ Repair steel elements, including chords, floorbeams, stringers, pedestrian
rail, bracing, towers, and truss members.

“ Replace deck and sidewalks.

< Repair pier concrete.

The estimate for the east approach replacement is based on prestressed concrete

girder spans with a deck width matching the existing.

The lifecycle yearly maintenance cost for the lift span mechanical and electrical
systems based on a 50-year system life is approximately $30,000. This cost is in

2004 dollars and does not include costs for the operator.

FULL RESTORATION ALTERNATIVE 3

A scope of work was developed with a planning-level cost estimate for the resto-
ration of the west approach and main spans, and removal and replacement of the

east approach structures.

All bridge elements are repaired, replaced, or strengthened while meeting local,
state, and federal requirements necessary to receive a determination of “No Ad-

verse Effect” from agencies regulating impacts to historic resources.

Construction Scope of Work
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Restoration work on the bridge could include:

WEST APPROACH
“» Phases | and Il seismic retrofit.

% Replace deck and sidewalks.
< Remove and replace coating system.

% Repair steel elements, including floorbeams, girders, stringers, sidewalk sup-
port brackets, pedestrian rail, and columns.

MAIN SPANS
< Phases | and Il seismic retrofit, including the lift span towers.

% Remove and replace coating system.

“ Restore the lift span mechanical and electrical systems to improve safety
and reliability, but without incorporating new technological advances.

“ Repair steel elements, including chords, floorbeams, stringers, pedestrian
rail, bracing, towers and truss members.

“ Replace deck and sidewalks.

% Repair pier concrete.

The lifecycle yearly maintenance cost for the lift span mechanical and electrical
systems based on a 50-year system life is approximately $55,000. This cost is in
2004 dollars and does not include costs for the operator.

The estimate for the east approach replacement is based on prestressed concrete

girder spans with a deck width matching the existing.

$25 MILLION PACKAGE - ALTERNATIVE 4

A scope of work was developed with a planning-level cost estimate for rehabilita-
tion focused on the main spans. The work is prioritized to complete work re-
quired to enable the bridge to serve vehicular and marine traffic. The estimate
includes costs for mitigation measures for impacting historic resource. The lift
span operation systems are restored to control initial costs.

Rehabilitation work on the bridge could include:

Construction Scope of Work
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“ Remove and replace coating system.

% Restore the lift span mechanical and electrical systems to improve safety
and reliability, but without incorporating new technological advances.

% Remove the truss sidewalks and supporting brackets. Establish pedestrian/
bicycle lanes on the roadway deck.

% Repair steel elements, including chords, floorbeams, stringers, bracing, tow-
ers, and truss members.

< Replace deck.

The lifecycle yearly maintenance cost for the lift span mechanical and electrical
systems based on a 50-year system life is approximately $55,000. This cost is in
2004 dollars and does not include costs for the operator.

It should be noted that some repair work on the west or east approaches could be
necessary under this alternative in order to raise the load posting limit to an
acceptable level until a future contract is implemented to correct the deficien-

cies of the approaches.

$45 MILLION PACKAGE - ALTERNATIVE 5

A scope of work was developed with a planning-level cost estimate for the reha-
bilitation of the main spans and replacement of the east approach. The estimate
includes costs for mitigation measures for impacting a historic resource.

Rehabilitation work on the bridge could include:

% Phase | seismic retrofit.
“ Remove and replace coating system.

“» Replace lift span mechanical and electrical systems to meet current AASHTO
standards for movable bridges.

< Repair steel elements, including chords, floorbeams, stringers, pedestrian
rail, bracing, towers, and truss members.

< Replace deck and sidewalks.

The lifecycle yearly maintenance cost for the lift span mechanical and electrical
systems based on a 50-year system life is approximately $30,000. This cost is in
2004 dollars and does not include costs for the operator.
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It should be noted that some repair work on the west approach could be neces-
sary under this alternative in order to raise the load posting limit to an accept-
able level until a future contract is implemented to correct the deficiencies of the

approach.

WEST APPROACH - ALTERNATIVE 6

A scope of work was developed with a planning-level cost estimate for the reha-
bilitation of the west approach. The estimate includes costs for mitigation mea-

sures for impacting a historic resource.

Rehabilitation work on the bridge could include:

“» Phase | and Il seismic retrofit.

“» Remove elements of the lower deck not required for the stairway and struc-
ture integrity of the upper deck.

“ Replace deck and sidewalks.
% Remove and replace coating systems.

“ Repair steel elements, including floorbeams, girders, stringers, sidewalk sup-
port brackets, pedestrian rail, and columns.

EAST APPROACH - ALTERNATIVE 7

A scope of work was developed with a planning-level cost estimate for the re-
placement of the east approach structure. The work includes complete removal
and replacement of the spans and retaining wall approach at the east end. The
estimate is based on new prestressed concrete girder spans and retained earth
approach at the east end.

MAIN SPANS - ALTERNATIVE 8

A scope of work was developed with a planning-level cost estimate for the reha-
bilitation of the main spans. The estimate includes cost for mitigation measures
for impacting an historic resource. Rehabilitation work on the bridge could in-
clude:

*,

“ Phase | and Phase Il seismic retrofit, including the lift span towers.

o,

% Remove and replace coating system.

Construction Scope of Work
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“» Replace lift span mechanical and electrical systems to meet current AASHTO
standards.

“ Repair steel elements, including chords, floorbeams, stringers, pedestrian
rail, bracing towers, and truss members.

“ Replace deck and sidewalks.

% Repair pier concrete.

The lifecycle yearly maintenance cost for the lift span mechanical and electrical
systems, based on a 50-year system life, is approximately $30,000. This cost is
in 2004 dollars and does not include cost for the operator.

It should be noted that some repair work on the west and east approaches could
be necessary under this alternative in order to raise the load posting limit to an
acceptable level until a future contract is implemented to correct the deficien-

cies of the approaches.

PHASE Il SEISMIC RETROFIT - ALTERNATIVE 9

A scope of work was developed with a planning-level cost estimate for Phase 1l
seismic retrofitting of the west approach and the main spans. The estimate in-
cludes cost for mitigation measures for impacting an historic resource. The work
on the bridge could include:

o,

% Ductility enhancement and strengthening of the footings, columns, and piers.

Completion of this work will not raise the load posting limit on the bridge.

PHASE | SEISMIC RETROFIT - ALTERNATIVE 10

A scope of work was developed with a planning-level cost estimate for Phase |
seismic retrofitting of the west approach and main spans. The estimate includes
cost for mitigation measures for impacting an historic resource. The work on the

bridge could include:

< Installing devices to prevent superstructure pull-off and bearing failure at
girder, truss, and span supports.

Completion of this work will not raise the load posting limit on the bridge.

Construction Scope of Work

62



Murray Morgan Bridge
Bridge Feasibility Study

11.
CONSTRUCTION
COST ESTIMATE AND SCHEDULE

CrEADD

The cost estimates for this study were developed using WSDOT historical cost
data, as well as a detailed contractor’s-type bid estimate for rehabilitation and

restoration items with little or no historical data specific to that type of work.

This study developed planning-level estimates. In the development of costs for
items with no historical data, appropriate cost contingencies were included. On
the project level, 20 percent engineering contingencies were added to cover
those costs for scope increases and unknowns associated with minimal develop-
ment of the project, drawings, and quantities. Construction contingencies of five
percent were added to cover costs that develop during construction, such as
change orders. Additional program costs were included. Preliminary engineer-
ing and design costs of 15 percent were added to cover the design and develop-
ment of the project and documents. Construction engineering and inspection
costs of 15 percent were added to cover the construction management and in-
spection services during construction. Environmental and permitting costs are
added but vary for specific projects and are dependent on the scope involvement

with these aspects.

Presently, the bridge construction market in the Pacific Northwest is strong. As
such, prices would tend to be pushed slightly higher. A project of this magnitude
would bring contractor interest from outside the Pacific Northwest area. One
thing to remember is that a rehabilitation or restoration contract for this project
is very high risk and contractors will mark it up accordingly for profit and over-
head. They will also build in extra contingency costs into the bid items. The costs
developed in this study for items without historical cost data used a 15 percent

profit and overhead factor to try and reflect the risk.

The complexities of the design and the widespread corrosion of the steel on the
structure make it difficult to estimate the quantity and extent of the steel repair

Construction Cost Estimate and Schedule
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and replacement needs. The greatest risk for implementing the rehabilitation or
restoration option is underestimating the quantity and type of repair and its
estimated cost. There is very little historical data specific to the proposed work.
These uncertainties of the work scope will likely cause contractors to mark-up
profit and overhead, and build in extra contingencies into bid items.

The estimated costs of the rehabilitation and restoration alternatives completed
under staged construction conditions are approximately 20 to 25 percent higher
than the full-closure estimated costs. In addition, the time required to complete
the work for these options under staged construction is approximately 12 to 18
months longer than under full closure. One of the major cost and time impacts is
that there will be very little room for the contractor to work from the old deck.
This means that the project would have to be constructed linearly from each end

in order to provide access and lay down areas.

Major mechanical and counterweight work would be very difficult to perform
under a staged traffic condition and some of the painting would also be impacted.
Engineering costs for staged construction would increase because of the addi-
tional connection and temporary support details that would be required when
work is performed on a structure under traffic. It is likely that numerous total
closures would be required to change out some of the structural elements. The
end conditions at both the west and east abutments get very expensive with

staged construction.

Structural steel prices recently increased and may have stabilized for a while.
The delivery times for plate steel has substantially increased. Rolled sections,
channels, and angles are available for the rehabilitation type work, but prices are

up. The cost estimates of this study reflect these recent steel prices.

The construction schedules were developed for the total construction duration
but do not factor in “in water” work periods or other environmental constraints

that could lengthen the time frames.

Figure 11.1 on the following page illustrates the estimated costs and construction
duration of work elements that have been combined into various improvement

alternatives.
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FIGURE 11.1: PROGRAM ALTERNATIVE COST SUMMARY
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1. Full Replacement o o ° $135M 36 100
2. Full Rehabilitation ° ° ° ° ° ° ° ° ° ° ° ° ° ° ° $80M? 30 50-75
3. Full Restoration ° ° ° o ° ° ° ° ° ° ° ° ° ° $7TTM? 30 50-75
4, $25 Million Package ° ° ° ° ° $25M 24 5 Service life shown for west and east approaches. Service life for main spans is 50-75 years.
5. $45 Million Package ° ° ° ° ° $45M 30 5 Service life shown for west approach. Service life for main spans is 50-75 years; 100 years for east spans.
6. WestApproach ° ° ° ° ° ° ° $23M 24 5 Service life shown for main spans and east approach. Service life for west spans is 50-75 years.
1. EastApproach ° $16M 20 5 Service life shown for main spans and west approach. Service life for east spans is 100 years.
8. Main Spans ° ° ° ° ° ° ° $45M 30 5 Service life shown for west and east approaches. Service life for main spans is 50-75 years.
9. Phase Il Seismic Retrofit . o $10M 24 NA
10. Phase | Seismic Retrofit . $3M 18 NA
NOTES WORK ELEMENT KEY

1 Program Costs (in 2006 dollars) are based on full closure of all traffic during construction. Costs
with traffic staged on the bridge during construction are estimated to increase 20 to 25 percent.

2 Without the respective costs of the Lift Span Operations work, the program costs of the Full Res-
toration package is $1.2 million more than the Full Rehabilitation package.

3 Construction duration is based on full closure of all traffic during construction. Durations with
traffic staged on the bridge during construction are estimated to increase from 12 to 18 months.

4 Service life is dependent upon the performance level of routine and programmed maintenance
and repair activities, and the intended level of service.

Implementation of work package alternative 1, 2, or 3; or a package group of 4, 6, and 7; or a
package group of 6, 7, and 8, is required to remove load posting to carry legal vehicles.

Additional bridge closures will be required when work packages are implemented separately.

Phase | Seismic Retrofit - Prevention of bearing failure and superstructure pull-off from the
columns or piers.

Phase Il Seismic Retrofit - Substructure ductility enhancement and strengthening.

Remove Below-Deck Ramp - Remove all elements of the lower deck not required for the stair-
way and structural integrity of the upper deck.

Replace Deck - Remove existing and place new concrete deck. Sidewalks included except for
Alternative 4.

New Paint - Remove existing paint (coating system) and apply new paint to all steel elements.

Rehabilitate Superstructure - Repair, replace and strengthen the bridge elements above the
top of the columns and piers.

Rehabilitate Substructure - Repair, replace and strengthen the bridge elements below the top
of the columns and piers.

New Structure - Remove the entire existing bridge and construct a new bridge at the same loca-
tion.

CONSTRUCTION CoOST ESTIMATE AND SCHEDULE
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Restore Lift Span Operation Systems - Mechanical: replace counterweight wire ropes, motor brakes
and drums, jaw couplings, and sheave bearing bushings. Repair trunnion shafts and span drive
machinery bearings. Rehabilitate span guides and live load shoes. Electrical: replace electrical
components, wiring, and conduits to eliminate safety hazards and code violations, and improve
reliability without improving overall operational performance. Program cost: $2.5 million.

Rehabilitate Lift Span Operation Systems - Mechanical: replace counterweight wire ropes, sheaves
and trunnions, gearsets, motor brakes and drums, jaw couplings, and span drive machinery bear-
ings. Install span lock system. Rehabilitate span guides and live load shoes. Modify tower top and
lifting girder. Meets AASHTO standards. Electrical: total redesign of system. Replace electrical com-
ponents, wiring, and conduits to eliminate all deficiencies. Improve overall operational performance
with automation. Program cost: $6.6 million.

Remove Sidewalks - Remove sidewalks and supports elements, and establish pedestrian/bicycle
lanes on the roadway.

Rehabilitate Trusses - Repair, replace and strengthen the truss elements including stringers,
floorbeams and towers.

Tower Seismic Retrofit - Strengthen the lift span towers for seismic loads induced from counter-
weights.
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APPENDIX

FIGURE A.1: EXISTING DATA

NAME SOURCE DATE

Bridge Inspection Report, Bridge No. 509/5A WSDOT November 14,2002
Bridge Condition Inspection Report of Murray WSDOT February 1997
Morgan Bridge - 509/5, including data

summarized in a presentation format

Miscellaneous documents, including excerpts

from letter files, memos, articles, and slide shows

pertaining to the structural condition

of Murray Morgan Bridge

Underwater Inspection Report of Murray Blaylock Engineering August 2002
Morgan Bridge No. 509/5A, Draft Group

Underwater Inspection Report of Russell-Veteto July 1994

City Waterway Bridge No. 509/5 Engineering, Inc.

Counterweight Wire Rope Testing, Hardesty & Hanover July 2001
Murray Morgan Bridge No. 509/5A and N.W. Duke Co., Inc.

Wire Rope Inspection, Murray Morgan Bridge Hardesty & Hanover November2000
No.509/5A and N.W. Duke Co., Inc.

In-depth Electrical Inspection and Parsons, Brinckerhoff, June 1996
Recommendations, Thea Foss (City Waterway) Quade and Douglas, Inc.

Bridge No. 509/5

In-depth Mechnical Inspection, Thea Foss Parsons, Brinckerhoff, June 1996
(City Waterway) Bridge No. 509/5 Quade and Douglas, Inc.

Bridge Inspection Report, Bridge No. 509/5A WSDOT April 13,2004
Tacoma Central Business District to Port Parsons, Brinckerhoff, October 2003

Connection Study

Quade and Douglas, Inc.

Existing bridge drawings forthe west approach
and main spans

WSDOQT/City of Tacoma
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FIGURE A.2: BRIDGE PHOTOS

LIFT SPAN OPERATOR AND MACHINERY HOUSES TRAFFIC GATE FOR LIFT SPAN

WEST ABUTMENT

— i .:1.'

SOUTH VIEW OF WEST APPROACH FROM WEST END NORTH SIDE OF MAIN SPANS LOOKING WEST
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FIGURE A.2, CONTINUED

UNDER DECK VIEW OF EAST FIXED TRUSS SPAN SOUTH SIDE OF WEST APPROACH LOOKING WEST

VIEW UNDER LOWER DECK OF WEST APPROACH SOUTH SIDE OF MAIN SPANS LOOKING EAST

VIEW LOOKING EAST FROM WEST APPROACH WALKWAY UNDER SOUTH SIDEWALK AT ABUTMENT 1
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FIGURE A.2, CONTINUED

TIMBER WALKWAY ON LOWER DECK OF WEST

APPROACH

¥ AW AW
! TAVAVAWS ||
LOOOOO R

CLOSED PORTION OF WEST APPROACH LOWER DECK

| \\'\} \

STAIRS ON EAST APPROACH VIEW UNDER EAST APPROACH SPANS
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FIGURE A.2, CONTINUED

PIER 4 ON EAST BANK OF WATERWAY VIEW LOOKING WEST FROM EAST APPROACH

CLOSED SIDEWALK ON MAIN SPANS

SIDEWALK ON ROADWAY OF MAIN SPANS
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FIGURE A.2, CONTINUED

LIFT SPAN COUNTERWEIGHT TURN-AROUND ON LOWER DECK OF WEST APPROACH
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