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Message from the Editor-in-Chief 
 

I am happy to announce the 3rd 
Online Edition of the BSCES 
Practice Journal, this peer 
reviewed journal has over 100 
publications which include 
innovative research and 
practice-oriented work in the 
field of Civil Engineering. 

The BSCES Journal has been a repository of the 
amazing work that has been done in the New 
England/Boston Area. This journal is targeted for 
working professionals and for academics who want to 
publish their innovative projects and research with 
applications in Civil Engineering.  

In November 2021, the Bipartisan Infrastructure Law 
was passed by congress which will rebuild America’s 
roads, bridges, and rails, expand access to clean 
drinking water to every American. This has resulted in 
the creation of numerous Civil Engineering projects in 
the New England Area. BSCES Online Practice 
Journal is committed to keeping the profession 
informed during this enterprising period. 

We hope BSCES Online Practice Journal will become 
your primary platform to share findings and discuss all 
aspects of Civil Engineering in the development of 
future innovations that will benefit the community. 
We are now welcoming submissions for future issues 
of the journal.  
 
 
 
 
Gautham P. Das 
Editor in Chief 
Journal.board@bsces.org 
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Manager’s Perspective 

John Dalton 

Green Line Extension Program Manager, Massachusetts Bay Transportation Authority, 200 Innerbelt Road 
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Abstract 

Construction of the 4.7 mile Green Line Extension (GLX) has been a part of the greater Boston 
transportation plan for many decades.  Some records show the project’s conceptual planning 
commenced nearly 100 years ago.  The recent start of revenue service on the first branch of GLX in 
Cambridge and Somerville, Massachussetts, and the soon-to-be-opened second branch to Medford, 
Massachussetts, represents the long awaited goal of bringing public rail transit service to these 
communities.  This article will focus on some of the key factors that made the delivery of this 
transformative project possible.  Organizational structure, an optimized procurement process, and 
effective team building are a few of the contributing factors identified in this article. 

Keywords: GLX, organization, risk sharing

1. Introduction 

The MBTA’s Green Line Extension (GLX) is a transformative 
project for the greater Boston  region and fulfills a commitment 
made many years ago to bring light rail service the people of 
Cambridge, Somerville, and Medford in  Massachussetts (Voorhis 
2022).  A lot of attention has been given to the last 5 to 6 years of 
the project’s implementation, but the recent opening of GLX’s 
first branch (the Union Square Branch) and the soon-to-be opened 
Medford Branch is the culmination of efforts extending well 
beyond the last 6 years and actually extend to efforts and advocacy 
before the turn of the century (Murphy, 2022).  From the members 
of the current program delivery team, a debt of gratitude is owed 
to the advocates, elected officials, engineers, planners, contractors, 
MBTA personnel and others who contributed to this project over 
the decades.  The project would not be nearing completion now 
were it not for the contributions and persistence made by many 
people for many years.  

 
This article will focus on the relatively recent history of GLX 

(last 6 years)  from the GLX Program Manager’s perspective, 
during which time the project delivery team was formed, the 

procurement of the entity to design and build the project was 
completed, and the subsequent delivery of the GLX scope was 
achieved. There are many factors that have contributed to the 
success of the GLX  project. However this acticle will highlight 
the ones, from the perspective of the Program Manager, that have 
been the most pivotal in bringing this megaproject into fruition. 

 

2. Background 

The leader of a successful project will have the ability to surround 
themselves with exteremely motivated individauls. The people 
who have administered the GLX design-build contract are an 
absolute collection of highly motivated industrial professionals.  
Many of them had experience from working on projects such as  
the Boston Central Artery & Tunnel Project, or Big Dig, and many 
other large scale projects with some of the largest firms in the 
global design and construction industry.  This team has always 
ensured that the MBTA’s contractual commitments were met 
(consistent early payment of contractor invoices, no late design 
reviews, rapid processing of change orders, etc.) to facilitate 
design and construction progress.  
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3. Project Implementation 

The organization structure of the project was integral for the 
success of the GLX project.   The Program Manager reported 
directly to the MBTA’s General Manager and provided monthly 
updates to the MBTA and MassDOT Board’s of Directors. 
Additionally, the Program Manager led an operating department 
independent from the remainder of the MBTA’s existing 
organizational infrastructure.  Mostly, the MBTA’s GLX 
organization was a stand-alone entity outside of the MBTA’s 
already existing capital delivery departments and supporting 
departments.  This independence led to accelerated processing of 
design changes, personnel hiring, establishment of the web-based 
project management tool (e-Builder ®), change order negotation, 
etc.  

An underlying concern of the project over the last 15 to 20 years 
has been budget compliance and cost control.  In 2015, this 
concern led to the suspension and near cancellation of the GLX. 
Since that time, and through steps outlined below, the current 
undertaking of the project is antipcated to be completed under 
budget.  Without question, the single largest contributing factor to 
the project being completed under the $2.3 billion budget is the 
favorable outcomes of the Design-Build procurement process that 
lasted from late 2016 to late 2017.  The efforts taken during the 
design-build procurement (in particular the 4 to 5 months of 
confidential one-on-one meetings with each competing design-
build team) optimized risk sharing between the MBTA and 
design-build entities and therefore resulted in lower overall bids.  
The winning proposal was sufficiently below the budgetted cost 
for the design-build budget (the “Affordability Limit” that had 
been shared with the competing design-build teams) that allowed 
the MBTA to create a contingency fund sufficient to absorb the 
unforeseen conditions and circumstances that the project would 
endure – one such example is the COVID-19 pandemic.  The 
successful outcome of the design-build procurement, along with 
contract definitions for differing site conditions (DSC’s) and 
subsequent DSC reporting requirements in the contract, led to a 
well controlled change management and contingency usage 
process throughout design and construction.  

Other elements that have brought the Green Line Extension into 
revenue service has been the effective use of the Dispute 
Resolution Board (DRB) process (independent 3-person panel of 
industry experts for resolving disputes), heavy reliance upon a 
robust web-based project management tool (GLX has used e-
Builder® for all administrative processes, invoice payments, 
correspondance, etc.), an established Partnering process, and when 
circumstances permit, the project has bundled various change 
orders into single multi-part agreements to save time and effort for 
both the MBTA and the Design-Build Entity resources involved 
with the change management process. 

Lastly, and what is the ‘softer side’ of successful project 
management, was the effort to foster an environment of 
collaboration and team-building between the MBTA and the 
Design-Builder.  Intra-squad football, softball and kickball games, 

cookouts, socials and other non-project events away from the 
project boundaries allowed MBTA and DB Entity staff to interact, 
establish a rapport and appreciate the different team members as 
people, and not just the other.  The four-and-a-half year life of the 
Design-Build contract has certainly included disagreements and 
moments of contention among the project participants, but 
opportunties to learn about other people on the project and 
understand that there is a shared goal of delivering a safe and 
reliable rail extension helped make the outcomes of this project 
possible.   

4. Conclusion 

 
Dedicated industry professionals, a stand-alone project delivery 

team, a procurement process that optimized risk sharing between 
the owner and design-build entity, relationship mainteance and 
many other factors have resulted in a project where the ultimate 
goal of a safely delivered public rail project is nearing completion.      

5. Acknowledgements 
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Abstract 

The North Washington Street Bridge, currently under construction and scheduled to open in 2023, is a multimodal transportation 
structure designed to address the needs of a modern and ever-evolving city. In its heyday, the bridge that it replaces carried horse 
drawn carts, vehicles as well as elevated trains across the Boston Inner Harbor. After a century and two decades of service, it had 
become functionally obsolete and structurally deficient, constantly in need of costly maintenance and with its unique features like the 
central swing span permanently fixed and inoperable. Still burdened with carrying more than 42,000 vehicles and heavy pedestrian 
traffic across the harbor each day and supporting essential and critical utilities, the time had come to replace the bridge. The new 
bridge will accommodate not just pedestrians and the Freedom Trail but also cyclists in separated bike lanes; carry not just cars but 
also buses including those on a southbound dedicated Bus Rapid Transit (BRT) Lane; serve not just as an observation deck for the 
adjacent iconic Leonard P. Zakim Bunker Hill Memorial Bridge but also as a destination in itself; be not just a gateway to the harbor 
but also complement its surroundings. The design of the replacement North Washington Street Bridge emerged from a confluence of 
deliberations between the owner, agencies, and the stakeholders. In this article, we will delve into the constraints and solutions that 
accompanied the context sensitive design of this livable, walkable, sustainable, and multimodal bridge with the flair of a complete 
city street. 

Keywords: North Washington Street Bridge, Complete Streets, V-Pier, Architectural Trellis, Post-tensioning, Prestressing

1. The Existing Bridge 

The Charlestown Bridge was originally constructed in 1898 to 
carry North Washington Street, two trolley car tracks and two 
elevated street railway tracks from Keany Square in Boston to City 
Square in Charlestown.  The elevated railway tracks and their 
support framing had subsequently been removed and the street 
railway tracks had been paved over. The Charlestown Bridge 
(Bridge No. B-16-016) consisted of three different structures and 
carried North Washington Street over the Charles River, Water 
Street and the adjacent warehouses underneath the bridge deck in 
Boston. The focus of this article is the bridge over the Charles 
River or the Inner Boston Harbor that is being replaced. The other 
two bridges are being rehabilitated. The existing, now demolished, 
bridge over water was a twelve span structure with five approach 
spans on either side of the main, two span swingable structure. The 
central swing, two span structure consisted of four steel through 
trusses, floorbeams, stringers and an open steel grid deck.  The 

swing spans had an overall length of 240 ft.  The swing spans were 
fixed permanently in the closed position in 1962.   

 

 
Figure 1 The Old North Washington Street Bridge 
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The roadway over the swing spans was divided into three 22 ft 
wide sections due to the center two trusses being within 4 ft wide 
raised medians in the roadway.  The west roadway section carried 
two southbound lanes, the east roadway section carried two 
northbound lanes and the center section, which was closed to 
traffic in 2003 due to advanced deterioration to the stringers and 
floorbeams, used to carry one lane in each direction.  This center 
section had a minimum vertical clearance of 14 ft-3 in in due to 
overhead bracing members between trusses.  There were impact 
attenuators and gore lines approaching the medians at the central 
two trusses.  There were two 11 ft wide floorbeam brackets 
cantilevered beyond the exterior trusses that supported a sidewalk 
on each side of the bridge.  Most of the swing span floorbeams and 
all of the stringers were replaced in 1956 and the deck was 
replaced in 1992.  Structural steel repairs were made to many of 
the floorbeams and stringers in 1991, 2003, 2008, 2009, 2011 and 
beyond.  

The approach spans consisted of a girder-floorbeam-stringer 
superstructure which supported an 80 ft wide roadway with three 
lanes of traffic in each direction.  The 6 ft wide cantilevered 
floorbeam brackets on either side supported 8 ft 7 in wide 
sidewalks.   These spans were each 82 ft 1 in long and consisted 
of six riveted built up steel plate girders that support steel 
floorbeams, stringers, a non-composite reinforced concrete deck 
and hot mix asphalt wearing surface.  The original floorbeams, 
stringers and deck were replaced in 1956.  Structural steel repairs 
were made to many of the stringers and floorbeams in 1991, 2003, 
2008 and 2009.  There  was  a  4 ft wide raised median on the 
southerly three spans creating four lanes of traffic in the 
southbound direction for turning lanes at the adjacent signalized 
intersection. 

The ten piers supporting the approach spans were constructed 
of granite stone masonry.  The piers were founded on unreinforced 
concrete pile caps on timber piles, except for Piers 9 and 10 which 
were built on spread footings.  Repairs were made to the concrete 
footings in 1951, which included the installation of steel sheeting, 
repair of eroded concrete, and the addition of a concrete apron 
which typically encased the lower 3-1/2 courses of the stone 
masonry.  The pivot pier for the swing span was constructed of a 
75 ft diameter unreinforced concrete and was founded on timber 
piles.  The upper portion of the pivot pier was encased in 1951 and 
further modifications were made with the construction of 
walkways in 1973 at the time of the Charles River Dam 
construction. 

 

2. Project Parameters and Constraints 

2.1. Hydraulic Data 

The bridge hydraulics at the site are mostly governed by the 
fluctuating tidal flow within Boston harbor and the pump 
discharge from the Charles River Dam. The Charles River Dam is 
a flood control dam that blocks high tidal inflow to the upstream 
portions of the river and maintains a recreational pool upstram of 

the dam. The flow throught the dam is completely regulated. The 
harbor width is nearly 1080 ft wide between the face of existing 
abutments. The riverbed elevations vary from -3.0 ft NAVD88 
vertical datum near the outer approach spans to -23 ft in the main 
channel under the main span. The mean high water elevation is 
+4.32 ft and the mean low water elevation is -5.17 ft.  

In the 1940s and 1950s, steel sheeting and concrete aprons were 
placed around the pier footings to repair eroded locations.  In 1973, 
the Charles River Dam was constructed just upstream of the 
bridge.  The Charles River Dam project installed stone riprap 
around Piers 6-10 for protection against the high-speed discharge 
of their water pumps that controls the level of the Charles River to 
the west of the dam.  The dam added to the scour potential at Piers 
8 and 9, as they were located adjacent to the discharge flow. A 200 
ft long training wall is located in the northern portion of the 
channel upstream of the bridge. The purpose of the training wall 
is to deflect flow from the sluice gates. Navigational fenders were 
located at the downstream end of the large lock and extended 
throught the width of the bridge. 

2.2. Geotechnical Data 

The subsurface conditions at the site consist of fill or river 
sediment along with organic soils above relatively thinner layers 
of granular soil and locally distributed silty clay. These layers are 
underlain by glacial till, weathered bedrock and bedrock. The 
geotechnical issues which dictated the use of drilled shafts for pier 
foundations were the presence of relatively thick layers of soft or 
loose overburdern soils, including river sediment and organic 
soils, variable soil depth to the top of bedrock, variable quality of 
bedrock, presence of cobblers and boulders in the natural 
overburden soils and abandoned submarine cables and rock fill 
associated with dam construction. Shallow foundations were 
therefore not considered feasible for supporting the new bridge 
piers, temporary bridge and pedestrian walkways near the north 
and the south abutments. 

2.3. Constraints from Approach Roadways 

South Approach - The approach roadway south of the bridge 
extended from the Keany Square signalized intersection in Boston 
to the bridge.  The NB roadway width leaving the Keany Square 
intersection toward the bridge consisted of of two 16 ft wide travel 
lanes and 1-ft shoulders/curb offsets on either side and narrowing 
to two 11 ft travel lanes at the bridge truss mid-span.  The SB lanes 
at Keany Square provided storage for the signalized intersection 
and consisted of four storage lanes and 1-ft shoulders/curb offsets 
on either side. The south approach alignment to this structure 
consisted of a short horizontal tangent section which extended 
approximately 165 ft from the end of the bridge to a signalized 
intersection with Causeway Street and Commercial Street in 
Boston.  

The roadway on the structure over the harbor was on a 
horizontal tangent.  The vertical profile on the structure was a crest 
curve with the peak of the curve at the swing spans. Bordering the 
North Washington Street south approach on the west side is the 
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ten-story Converse Headquarters building. The building and the 
two-level pavilion at Lovejoy Wharft extend along the bridge for 
160 ft. There are two entrances and a pavilion stair case landing 
leading to the sidewalk on the bridge. Bordering North 
Washington Street south approach on the east side is the 
Department of Conservation and Recreation (DCR) Prince Street 
Park. The existing south approach also provided an Massachusetts 
Bay Transportation Authority (MBTA) bus stop.  The bus stop 
was located along the right shoulder of the NB roadway just north 
of the Keany Square intersection. 

North Approach - The approach roadway north of the bridge 
extended from the City Square signalized intersection in 
Charlestown.  The southbound roadway width leaving the City 
Square intersection toward the bridge consisted of three 15 ft wide 
travel lanes and 1-ft shoulders/curb offsets on either side and 
transitioned to two 20 ft travel lanes at the project bridge structure.  
These two SB lanes further narrowed to two 11 ft wide travel lanes 
at the bridge truss mid-span.  In the NB direction, the NB lanes 
approaching City Square provided storage for the signalized 
intersection and consisted of four storage lanes.  A concrete 
median separates the three SB lanes and four NB lanes at the 
intersection. The roadway width varied from 131 ft at City Square 
to 80 ft at the bridge truss mid-span.  

The north approach to this structure also includes adjacent 
bridge spans over warehouses and Water Street in Charlestown.  
These adjacent structures are located between City Square and the 
project bridge structure.  The approach roadway and adjacent 
bridge spans are on a horizontal curve alignment that extends 460 
ft (including 325 ft of bridge spans) to the City Square intersection.   

Bordering North Washington Street north approach on the east 
side is Charles River Avenue which provides access to the 
Constitution Marina and the Residence Inn Hotel. Bordering 
North Washington Street north approach on the west side is the 
DCR Paul Revere Park.   

2.4. Constraints from Features Crossed 

The existing bridge crossed the Boston Inner Harbor between 
Boston and Charlestown which is approximately 1080 ft wide, 
approximately 15 ft above water level at the mean high tide and 
25 ft above water level at the mean low tide. The Charles River 
Dam is located approximately 200 ft west of the bridge with one 
40 ft wide large lock and two 22 ft wide smaller locks that allow 
for navigation between the Charles River and Boston Inner 
Harbor.  

The main navigational channel was located under the swing 
span of the bridge where marine traffic was directed through the 
locks located at the dam. An existing fender system was installed 
on both sides of the pivot pier and along the adjacent piers. 
Navigational lighting was attached to the underside of the swing 
span and along the fender system to help direct the marine traffic. 
The Massachusetts State Police Marine Unit barracks are also 
located within the Charles River Dam building.  

Constitutional Marina, with capacity to hold approximately 250 
vessels, is located approximately 65 ft east of the northern three 
spans of the Charlestown bridge. 

2.5. Constraints from Pedestrian Facilities 

Existing Pedestrian Facilities – Continuous sidewalks existed 
along both sides of North Washington Street within the project 
limits and extend beyond each approach.  The Freedom Trail ran 
the entire length of the project along the east sidewalk.  Boston’s 
Freedom Trail connects significant historic sites in Boston’s North 
End and Charlestown.  The Freedom Trail is well traveled and a 
core feature to Boston’s pedestrian community, and economically 
critical to Boston’s tourist industry.   

Walkways under the North Washington Street Bridge – Two 
existing pedestrian walkway structures cross under the North 
Washington Street Bridge within the project limits, The Tundor 
Wharf Walkway under the north end of the bridge and the Lovejoy 
Wharf Walkway under the south end of the bridge, both 
connecting DCR Parks on one side to properties on the opposite 
side of the bridge, without requiring pedestrians to cross North 
Washington Street at roadway grade. 

Existing Bicycle Facilities – The existing bridge and its 
approaches had inadequate bicycle accommodation.  While both 
recreational and bicycle use occurred on the roadway and 
sidewalks crossing the structure, bicyclists were limited to either 
utilize the existing sidewalks or share the roadway travel lanes 
with the vehicular traffic.  The existing shoulders measured only 
1 foot on either side of the roadway within the project limits. 

2.6. Constraints from Utilities 

The exisiting bridge supported numerous utilities owned by 
National Grid, Eversource, Comcast, Massachusetts Bay 
Transportation Authority (MBTA), Boston Water Sewer 
Commission (BWSC) and Boston Transportation Department 
(BTD). The configuration of utilities was slightly different in the 
central swing spans. All of these utilities were to be accomodated 
in the replacement bridge. 

 
 
Approach Spans 

• 27 in x 23 in concrete encased electrical distribution utility 
ducts in the east and west girder bays of spans 1 through 5 and 
in the west girder bay of spans 6 through 10 

• Large concrete manhole structures in the west girder bay  of 
spans 5, 6 and 10 and in the east girder bay of spans 5 and 10 

• Steel manholes in the center girder bay of span 4, and below 
the west sidewalk in spans 4, 6 and 10 

• 8 in diameter water pipe on east sidewalk 
• 36 in diameter gas line in the center girder bay 
• 1½ in diameter BTD traffic signal interconection duct and 3 - 

2½ in diameter Comcast ducts attached to east pedestrian 
railing 
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• 2 - 6 in diameter high pressure fluid filled transmission lines 
attached to west face of the west girder 

• 1 - 3½ in, 1 - 3 in and 2 - 1 in diameter lighting ducts on top of 
the floorbeams below the east sidewalk 

• 1-2½ in, 1-3 in  diameter lighting ducts and 3-4 in diameter 
MBTA electrical distribution ducts on top of the floorbeams 
below the west sidewalk 

• Several abandoned cables near piers 5 and 6 
• 8- 4 in diameter ducts hung from stringers between manholes 

in span 10 
Swing Span 

• 8 in diameter water pipe on east sidewalk 
• 1½ in diameter BTD traffic signal interconection duct and 3 - 

2½ in diameter Comcast ducts attached to east pedestrian 
railing  

• 8 - 4 in diameter electrical ducts hanging at both the east and 
west sides of the center truss bay 

• 1 in diameter duct on the east side of the center truss bay 
extending south of the center pier 

• 2 in diameter duct and 3-1 in diameter ducts on the west side 
extending south of the center pier 

• 3 - 3 in diameter galvanized pipes below the west sidewalk 
• 2 - 6 in diameter high pressure fluid filled transmission lines 

below the west sidewalk 
• 6 - 12 in diameter gas lines below the east truss bay. There is 

an abandoned 36 in diameter gas main under the channel bed 
of the swing span as well 
 At the time of bridge design, it was determined that the 

transmission lines had to not only stay in place but also be 
supported at 10 ft intervals throughout construction. The 
constraints imposed by this requirement led to both the choice of 
tub girders for bridge superstructure and their transverse spacing 
and layout.  

2.7. Constraints from Cultural Resource Areas 

The existing bridge was listed in the Massachusetts Cultural 
Resource Information Systems inventory for historic status 
although it was not in an historic district.  the Preliminary 
Structure Report recommended its replacement due to advanced 
structural and functional deficiencies and substandard load rating. 
At all four corners of the bridge, there were additional project 
constraints: 

Southwe–t - The 10 story Converse Headquarters building has 
its foundation connecting to and integral with the existing bridge 
south abutment and wingwalls, two entrances are accessed from 
the west sidewalk as well as staircases leading to the pavilion of 
the LoveJoy Wharf. 

Southeast - DCR Prince Street Park with tennis courts adjacent 
to the south abutment east retaining wall 

Northwest –DCR Paul Revere Park with stair access from the 
west approach sidewalk of warehouse bridge spans. 

Northeast- Charles River Avenue which provides access to the 
Constitution Marina and Residence Inn Hotel 

2.8. Other Constraints 

An evaluation of the bridge paint system concluded that the 
existing coating contained lead and that it was in very poor 
condition and could not be overcoated. 

3. Design 

3.1. Superstructure Design 

Of the several alternatives considered, the superstructure cross-
section with four steel box girders was selected (Figure 2). This 
option had several benefits over other alternatives considered in 
the Bridge Type Study phase. The steel box girders, because of 
their greater torsional rigidity as well as for their ability to provide 
a more stable cross-section during construction stage with only 
half the bridge constructed longitudinally, became the ideal 
candidates for bridge’s superstructure. Other advantages included 
a shallower girder depth allowing the provision of a greater 
vertical clearance from water level in a corrosive environment and 
minimizing the amount that the roadway profile had to be raised 
over the navigation channel.  

The design parameters required that the bridge carry five lanes 
of vehicular traffic totaling 57 ft 6 in in width, two 7 ft wide 
bicycle lanes separated from the vehicular lanes by 3 ft 6 in wide 
traffic barrier and two 10 ft 6 in wide sidewalks to comfortably 
accommodate pedestrian traffic. The sidewalks would be widened 
to a maximum width of 19 ft at the main span above the navigable 
channel. This required large overhangs from the exterior girders. 
The girders themselves could not be spaced further apart because 
of the constraint imposed by the two high pressure fluid filled 115 
kV transmission lines supported from the existing bridge, which 
were required not only to stay in place throughout the bridge 
replacement but also needed to be supported every ten feet. 

The central swing spans on the existing bridge consisted of four 
trusses with three two lane roadways located between each truss. 
The center two lanes were closed to traffic years ago due to 
detrioration of steel structural members. It would also not have 
accommodated traffic during construction without requiring 
extensive repairs. It was also determined that constructing the 
bridge in three phases was not feasible as it would have resulted 
in three narrow longitudinal construction zones. Based on the 
traffic counts, two lanes were needed in the southbound direction 
and one in the northbound direction throughout contruction. 
Design-phase plans included construction of a temporary bridge 
to replace the easterly swing spans after demolition of the two 
easterly trusses in the first stage. After relocating the traffic to the 
eastern side of the bridge, the western side of the bridge would be 
demolished entirely and reconstructed while the utilities would be 
relocated to a temporary utility bridge constructed west of the 
bridge in the second stage. The third stage proposed demolition of 
the remaining eastern existing structure along with removal of the 
central temporary bridge and reonstruction of the entire eastern 
side of the bridge in the third stage. 



Volume 29, Number 2   Rohela and Baumann 
  

11     CIVIL ENGINEERING PRACTICE  © Boston Society of Civil Engineers Section / ASCE 

 

  
This scheme involved the substructure and superstructre to be 

built in two major stages, each consisting of two lines of box 
girders and a substructure unit below each of the girders. The box 
girders were the ideal choice for the proposed construction 
sequence because of their stability, even in a partial cross-section 
configuration with two lines of girders, and high torsional rigidity. 
However, during construction phase, the staging sequence was 
modified to construct a nearly full length temporary bridge 
alongside the existing bridge to carry three traffic lanes and one 
sidewalk. This temporary bridge would lie to the west of the 
existing bridge on temporary steel pile bents. The temporary steel 
bents would also support the temporary utility bridge to maintain 
the numerous utilities crossing the bridge throughout construction. 
This utility bridge would be adjacent to the existing structure after 
demolition of west sidewalk of the existing bridge. These two 
temporary bridges would allow the construction of nearly the 
entire bridge cross-section to progress from the north abutment to 
the south abutment (Figure 3). 

Midas Civil and MDX software were used for creating the 
bridge’s structural model and their analysis results were compared 
to envelope the design forces for superstructure elements. The 
results converged as much as the two programs would allow based 
on their methods of load distribution. One key difference was in 
the way the programs develop demands for eccentric load. 

 
Figure 3 Existing Bridge (Left), Temporary Utility Bridge 
(Middle) and Temporary Bridge (Right) looking South 

Midas relies more on the torsional resistance of the tub girders 
while MDX uses self-equilibriating shears in each girder to resist 
eccentrically applied loads. And while MDX only permits the 
superstructure to be analyzed with rigid supports, Midas Civil was 
used to capture the effects of substructure rotation on the forces 
developed in superstructure elements.  

 
 

3.1.1. Tub Girders 

Each of the four steel tub girders consist of 8 ft wide bottom 
flanges and 6 ft 6 in deep webs with the top flanges spaced 11 ft 
apart. This configuration permitted employing a conventional 
reinforced concerete deck with the top flanges of the tub girders 
supporting the deck uniformly at 11 ft intervals. These tub girders 
would span continuously over the substructure units and have a 
total length of 1087 ft. The individual span lengths would vary and 

 
Figure 2 Bridge Cross-Section at Span 7 
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the longest span length would be 190 ft. which support the 
overlooks and span over the main navigation channel. 

Internal (inside the tub girder) and exterior (between the tub 
girders) crossframes are provided between each transverse 
floorbeam (not shown in Figure 2). The internal crossframes are 
to resist the distortional stresses in the tub girder from 
eccentrically applied loads. The exterior crossframes are to allow 
load sharing between adjacent tub girders and restrain non-
composite dead load rotations. A top flange truss system is also 
provided inside the tub girders to resist torsional demands before 
hardening of the concrete deck. 

3.1.2. Floorbeams and Cantilevers 

The framing plan of the bridge shows 36 transverse and 
continuous floorbeams to support the wide sidewalks proposed on 
this bridge. The intermediate floorbeams are partial depth in 
relation to the tub girders while the floorbeams acting as end 
diaphragms are full depth at intermediate and end bridge supports. 

 
Figure 4 Fit-up of Span 7 Steel Framing in Construction Yard 

A typical intermediate floorbeam at the interior and exterior tub 
girder is shown in Figure 5 and Figure 6. A bolted tie plate was 
designed for the continuity of the top flange of the floorbeam and 
en plate moment connections were provided for the web and 
bottom flange connections through the web of the tub girder.  

omposite action was not relied on for the floorbeam design, 
however, the floorbeams were attached to the deck with shear stud 
conectors. The floorbeams cantilever out 13 ft from the outside 
web of the exterior tub girders. The length of the cantilevered 
floorbeams further increases to 21 ft at the main span where the 
sidewalks widen from 10 ft 6 in to 19 ft creating observational 
overlooks.  Figure 7 and Figure 8 show the floorbeam cantilevers 
at the approach and the main spans. 

 

 
Figure 5 Interior Floorbeam and Interior Girder Connection 
in Approach Spans 

 

Figure 6.  Interior Floorbeam and Interior Grid Connection 
in Span 7 

3.1.3 End Diaphragms 

The floorbeams designed as full depth end diaphragms at the 
bridge supports are made continious by utilizing bolted top and 
bottom flange splices as shown in Figure 9 and Figure 10. Similar 
to the intermediate floorbeams, the end diaphragms are also 
connected to the deck with stud shear connectors. 
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Figure 7. Intermediate Cantilever Floorbeam at Approach Spans 

 

 

Figure 8.  Intermediate Cantilever Floorbeam at Span 7 

 

 

 
Figure 9.  End Floorbeam at Exterior Girder at Approach Span Piers 
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3.2 Substructure Design 

The Leonard P. Zakim Bunker Hill Memorial Bridge is an 
iconic structure known for being the widest cable stayed bridge in 
the world at the time of its construction. The Zakim Bridge is to 
the west of the North Washington Street Bridge carrying the I-93 
interstate highway across the Charles River. It is also easily 
recognizable by its two 330 ft tall inverted Y-pylons designed to 
honor the Bunker Hill Monument. Designing a gateway bridge 
next to an iconic structure meant designing a bridge to 
complement the Zakim Bridge and blend its design harmoniously 
with its surroundings. The design of the North Washington Street 
bridge is intended to function as a viewing platform for the Zakim 
Bridge. The uniqueness of an otherwise simple and lean 
superstructure would come from its substructure. It was decided 
to use five V-Piers to support the superstructure. The V-Piers 
would be akin to the reflection of the inverted Y-Pylons of the 
Zakim Bridge (Figure 11). The accent lighting would illuminate 
these piers to match the lighting scheme of the Zakim Bridge 
during a holiday or a special event, creating a symphony.  

The existing abutments were modified to support the new 
superstructure. The layout of the piers was determined by the 
requirement to provide a navigational span, maintain or minimize 
the increase in loads to the existing abutments and to balance the 
loads on the pier arms of the V-Pier as much as it was possible. 
The existing approach span piers and the central swing span pier 
also limited where the new piers could be founded.  

A V-Pier at pier locations 2 through 5 consists of four V-Pier 
columns (Figure 12 and Figure 13), arms and post-tensioned ties. 
The arms of each V-Pier extend out 25 ft from the centerline of the 
column and rise up to 30 ft from the base of the column. Owing to 
shallow depth of Pier 1, it was designed as a solid V-Pier without 
the triangular opening between the tie beam and the arms. High 
performance concrete would be used in the construction of column 
stem and arms. Connecting the arms together is to be the post-
tensioned concrete tie beam. 

The typical bearing at all supports with the exception of Pier 1 
North is a unidirectional guided expansion disc bearing. At Pier 1 
North, a fixed bearing is proposed. During construction phase 
however, the bearing at Pier 5 was temporarily made fixed as the 
construction of the superstructrure began from the north abutment 
proceeding south. A strip seal joint is proposed at the South 
Abutment because of its proximity to the fixed bearing location on 
Pier 1. At the North Abutment, the deck joint will be modular to 
accommodate a movement of ¾ in per 10 degrees Fahrenheit 
change in temperature.  

 
Figure 11. Proposed Bridge Elevation Showing V-Piers 
Reflecting the Pyloos of the Zakim Bridge (Rendering) 

The four pier columns at each pier location share a footing 
which would be supported on eight 6 ft diameter drilled shafts. 
The drilled shafts extend 40 ft. to 80 ft through layers of silt and 
till before being socketed into competent bedrock. The length of 
the rock sockets in competent bedrock vary from 10 ft to 27 ft 
between different piers. 

 

Figure 10.  End Floorbeam at Interior Girder at Approach Spans 

 



Volume 29, Number 2   Rohela and Baumann 
  

15     CIVIL ENGINEERING PRACTICE  © Boston Society of Civil Engineers Section / ASCE 

 
Figure 12. V-Pier 3 Transverse Elevation 

 
Figure 13.  V-Pier 3 Longitudinal Elevation 

Several flood scenarios were considered in the hydraulic 
modeling to represent a 100-yr event for hydraulic design, 200-yr 
event for scour analysis and a 500-yr event for scour analysis 
check. In addition to these, an extreme flood scenario during the 
highest tide of record plus sea level rise (SLR) was also considered 
in the Hydraulic Modeling and Scour Analysis Report. 

Midas Civil and STAAD.Pro software were used for structural 
analysis for pier design.  

3.1.3. V-Pier Arms 

Each V-Pier arm extends 25 ft longitudinally from the center 
line of the pier column to the center line of the bearing atop the 
arm. The arms have a constant width of 6 ft. The maximum depth 
of the arms cross-section is 6 ft 9-⅞ in for Piers 2 and 4 and 6 ft 
107/8 in for Piers 3 and 4 (Figure 1412). The cross-section depth 
tapers down to 3 ft 4¾ in for Piers 2 and 4 and 3 ft 117/8 in for 
Piers 3 and 4 at the top of the pier arms. The longitudinal 

reinforcement in the pier arms consists of two (Piers 2 and 5) or 
three (Piers 3 and 4) top and bottom rows of #11 rebars with 13 
rebars in each top row and 12 rebars in each bottom row. The side 
faces of the arms consists of 5 #11 rebars. 

3.1.4. Tie Beam 

The tie beam is a 6 ft wide and 2 ft deep post-tensioned concrete 
beam connecting the tops of the north and south pier arms together 
(Figure 15). Each tie beam has ten 1¾ in diameter 150 ksi steel 
post-tensioning bars placed in 4 in diameter high density 
polyehtylene (HDPE) ducts. 

 
Figure 14. V-Pier 3 Arm Cross-Section 

At Pier 1, the entire post-tensioning jacking force of 2200 kips 
is applied in one stage with estimated post-tensioning loss of 9%. 
At Piers 2 through 5, the post-tensioning force was applied in two 
stages (Figure 16). The first stage of post-tensioning force was 
applied when the precast concrete tie was placed on the ledges 
constructed at the top of the pier arms and when the concrete in 
the 12 in gap between the arms and the tie at both ends intended 
for closure pour was still not poured. The magnitude of initial post-
tensioning force was 300 kips at the exterior piers (under exterior 
girders 1 and 4) and 150 kips at interior piers (under interior 
girders 2 and 3). This initial post-tensioning had the effect of off-
setting the downward pier arm deflection due to self-weight of the 
arms and the tie beam and pulling the arms closer to induce tension 
in their bottom fibers such that the arms would be capable of 
resisting greater magnitude of subsequently applied loads. After 
the initial post-tensioning, the concrete pour filled the gap between 
the tie and the arms.  
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Figure 15. Post-tensioned Concrete Tie Beam 

 After the closure pour had cured, additional post-tensioning 
force of 2,000 kips was applied to the tie beam at exterior piers 
and 2,150 kips at interior piers. Total post-tensioning losses were 
estimated to be no more than 14% at the exterior piers and 20% at 
the interior piers. The post-tensioning system was required to be 
designed by the contractor such that no more than 12.5% of the 
pre-stressing force would be eccentric at any time. All subsequent 
loads would be applied after the closure pour.

 
Figure 16. V-Pier Post-tensioning Sequence 

 
Figure 17. Post-tensioning Preparation at Pier Arm - Tie 
Beam Joint 

3.1.5. Pier Column 

The base of the ‘V’ and the pier column were constructed 
monolithically placing the construction joint in the arms at a 
distance of 8 ft horizontally at Pier 1 and at 8 ft 6 in to 9 ft 6 in for 
Piers 2 through 5. The reinforcement in the arms is mechanically 
spliced to the rebars extending out of the pier column. The 
reinforcing bars from the ‘south’ of the column section were bent 
and extend into the north arm of the pier while the rebars from the 
‘north’ of the column section bend and enter the south arm (Figure 
18). Due to the dense reinforcement at the interface of the arms 
and the pier column, 3D models of the pier reinforcement had to 
be developed to detect and avoid clash between the rebars going 
into the pier column from the arms (Figure 20). 

 
Figure 18. Typical V-Pier Column and Drilled Shaft Cap 
Reinforcement 
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Figure 19. Girder Erection over V-Pier 

 
Figure 20 3D Model for Pier Reinforcement Clash Detection 

 

3.1.6. Drilled Shaft Cap 

The four pier columns at a V-Pier were constructed on a 6 ft 6 
in deep drilled shaft cap. In concept and design, it is similar to a 
pile cap, only with larger drilled shafts instead of piles. It measured 
78 ft wide and 27 ft long. The top of the drilled shaft cap were all 
set to an elevation below mean sea level. The caps of Piers 1 and 
5 were in the riverbed, however, the caps for Piers 2 through 4 are 
perched at 10 ft. to 15 ft. above the riverbed (Figure 21). This 
design minimized the depth of the cofferdam and dewatering 
operations in the water and also minimized the handling and 
removal of contaminated soils from the riverbed. Eight 6 ft 
diameter drilled shafts supported the cap (Figure 22). The 
centerline of each pier column matched with the centerline of the 
two drilled shafts, just north and south of the base of the pier 
column. The drilled shafts were laid out in two rows with 16 ft 6 
in spacing between them longitudinally and 22 ft transverse 
spacing to match the spacing between the centerline of the box 
girders and the pier columns.  

3.1.7. Drilled Shafts 

Drilled shafts had several advantages over other type of deep 
foundations including their ability to support large axial loads. 
Drilled shafts could also penetrate through possible obstructions 
like cobblers and boulders and their lengths could be revaluated 
and adjusted based on the subsurface conditions encountered 
during drilling. The drilled shafts also allowed for the perched 
caps and benefits previously described. 

The drilled shafts were designed to support the proposed 
vertical loads by a combination of side shear resistance of 2.4 ksf 
from the glacial till and weathered bedrock layers and a side shear 
resistance of 7.0 ksf and end bearing resistance of 20.0 ksf from 
the competent Argillite bedrock layer. Additionally, the 
geotechnical report also recommended socketing the drilled shafts 
a minimum of one drilled shaft diameter into the competent 
bedrock and reducing the diameter of the drilled shafts rock socket 
by 6 in to 5 ft 6 in. 

 

 

Figure 21. V-Pier Drilled Shaft Caps Below Mean Low Water 
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Figure 22.  V-Pier Drilled Shaft Cap Plan 

 
Figure 23. Drilled Shaft Cross-Section 

Each drilled shaft is comprised of 32-#11 rebars bundled in 
pairs of two and arranged in a circular geometry. #6 rebars were 
used for continuous spiral reinforcement at 3½ in pitch (Figure 
23). Clear cover to the spiral reinforcement was maintained at 6 in 
which reduced to 3 in (Figure 24) in the rock socket portion of the 
drilled shafts. Based on the loads, the depth of the rock sockets 
varied from 10 ft to 27 ft.  

 
Figure 24. Drilled Shaft Cross-Section in Rock Socket 

 

3.2. Architectural Trellis and Fascia Screening 

A trellis was located along each side of the bridge in the main 
span to mark the crossing of the navigable channel underneath. It 
also provides a physical separation from the vehicular traffic and 
provides partial shade for the widened overlook areas on the span 
which contain sculptured benches, tree plantings and landmark 
plaques describing the views from the bridge. It resembles a 
circular arch in both plan and elevation as seen in Figure 25 and 
Figure 27.  

 
Figure 25. Architectural Trellis (Rendering) 

Each trellis is composed of 14 straight and 23 ‘Y’ shaped poles 
fabricated from welded plate members (AASHTO M270 Grade 
50) and main and front linking members fabricated from steel pipe 
(AASHTO A53 Grade B) and round HSS (ASTM A500 Grade B). 
The arms of the ‘Y’ shaped poles are tied together by a 3/8 in 
diameter S.S. Type 316 cable. All structural members would be 
hot dip galvanized. The tallest pole at the center is over 30 ft high 
and 32 ft across. The poles are spaced 7 ft 3 in on center and are 
tied together by 8 in diameter strong pipe main link and a 5 in 
diameter strong pipe front link. 

Another architectural element to improve the bridge’s 
aesthetics is the proposed bridge fascia screening. The screening 
slopes at a varying angle from the edge of the deck down to the 
level of the girder bottom flange and then extends horizontally just 
past the second stringer from the girder. The dotted line at the 
bridge fascia (under the deck) in Figure 26 is representative of the 
architectural screening. The structural elements that will support 
the weight of the FRP panels for screening can also be seen. 

Six landmark plaques on the bridge railings in the Span 7 will 
also adorn the structure as will the two historical interpretive 
panels (TBD) and two dedication plaques the north and south 
approaches. The navigational lighting will be supported from the 
deck in Span 7. 
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Figure 26. Tallest Trellis Pole 

3.3. Fender System 

The existing fender system was installed on both sides of the 
pivot pier and along the adjacent piers as seen Figure 1. The fender 
system was generally in fair to poor condition with minor collision 
damage, deteriorated wooden and steel piles and the walkways 
along the fenders had several floorboards missing. 

 
Figure 27. Proposed Fender System Plan 

The proposed fender system would be constructed north of Pier 
3 and south of Pier 4 with the latter extending further west as a 
training wall to meet with the large lock of the Charles River Dam 
(Figure 27). A bullnose fender system would also be constructed 
at the west wall of the large dam lock in addition to three 5 ft 
diameter dolphins with UHMWPE panels spaced 40 ft apart. The 
pipe piles in the fender system will be 20 in diameter ASTM A252 
Grade 3 steel with minimum ½ in wall thickness. The 8 in x 10 in 

timber would be made of sawn lumber S4S with a minimum 
bending strength of 1200 psi. The whalers would be installed 
between elevations -8.5 to +13.5 at the south fender and from 
mudline to elevation +13.5 at the north fender. 

3.4. Utilities 

All utilities, but the two 115 kV transmission lines will be 
relocated twice during construction, first to the temporary utility 
bridge and then to the replacement bridge under the west sidewalk. 
Once the construction of the new superstructure is completed the 
utilities would be relocated to the three bays between the box 
girders with the exception of the high voltage transmission lines 
which would remain in place throughout construction. The 
following utilities will be carried by the replacement bridge: 
• One set of 6 - 5 in diameter Eversource electrical conduits in 

both the west and east (exterior) girder bays. 
• 6 - 5 in diameter MBTA electrical conduits in the west girder 

bay. 
• 1 in diameter accent pier lighting conduit 
• 36 in diameter gas main the middle girder bay 
• 6 - 5 in diameter Boston Public Works Department electrical 

conduits in the east (exterior) girder bay 
• 12 in diameter water pipe under the east sidewalk 
• 4 - 4 in diameter Comcast cable conduits under the east 

sidewalk 
• 2 -  3 in diameter BTD Traffic Signal conduits embedded in 

each sidewalk 
• Multiple 2 in diameter lighting conduits embedded in the 

sidewalks and bike barrers 

4. Current Project Status 

The bridge is under construction with projected completion in 
2023 (Figure 28). 

5. Conclusion 

The existing structure was designed to serve the functional 
needs of a 1898 industrial era. Complete with trolley cars and 
street cars, narrow lanes for slow moving horse drawn carriages 
and a swing span that allowed for tall vessels to pass upstream to 
the Charles River. The structure provided this valuable service for 
120 years.  

The proposed bridge is designed to meet the needs of our city’s 
innovation hubs and urban areas, complete with a Bus Rapid 
Transit Lane, 4 vehiclular lanes, 2 protected bike lanes, 2 wide 
sidewalks and accomodations for the numerous utilities that keep 
our city connected. The proposed bridge will function as a 
Complete City Street while providing a place to congreagate on 
the main crossing and simultaneously marking the gateway 
between the Chalres River and the Boston Inner Harbor. 
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Figure 28. Construction Progress (left, white), Temporary 
Utility Bridge (middle) and Temporary Bridge (right) looking 
South 

It is a testament to how the public and the community 
collaborates to advocate and add value to our public transportation 
projects to meet the demands of users and stakeholders. This 
bridge will connect the residents to their workplaces, schools, 
healthcare facilities and other essential businesses and services; 
the recreational cyclists and the pedestrians to the parks along the 
Charles River and waterfront; the tourists and the visitors to the 
sites along the Boston Freedom Trail and support the numerous 
utilities including electric, gas and communications that cross 
from Boston Proper to Charlestown for the next century. 
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Abstract 

DOTs, cities, and towns in the United States have limited or constrained funding to maintain their bridges and improve the 
transportation infrastructure as desired by the public.  Bridge Repair Priority Ranking System (BRPRS) prepares a network bridge 
project management strategy within management specified budget limits.  The objective is to refine the decision-making process to 
attain the maximum network service life, at the lowest possible cost to sustain a bridge network at the highest possible network 
condition index. Subsequently, the BRPRS provides data to network managers for presentation to respective government budget 
approval process as well as the voting public.  Bridge prioritization is based on ranking all the available bridges in a network, with an 
overall score developed using the pre-defined set of criteria pertinent to individual bridge site conditions selected by a network 
manager. Bridge network managers face the challenge of having many bridges in the same relative condition with limited funding 
sufficient to rehabilitate one or two bridges per fiscal year. BRPRS will justify bridge management decisions which result in improved 
budget decision making while improving the network bridge condition index. Bridge engineers or bridge owners using BRPRS can 
specify the selection and prioritize repair schedules based on factors such as condition, criticality, risk, functionality, type, size, and 
age. Priority ranking techniques are based on calculating a value for each bridge and then sorting all bridges in descending order of 
their parameters. 

Keywords: BMS, Bridge Management, Priority Ranking

1. Introduction 

Traditionally, maintenance, rehabilitation, and replacement 
(MR&R) projects are selected on a “worst first” approach. This 
method is acceptable if an unlimited budget is available to provide 
sufficient funding to sustain the bridge network at a high level of 
performance (Rashidi et al, 2016).  This is typically not the case-- 
municipalities and state transportation agencies have a limited 
resource to manage their infrastructure. Consequently, there is a 
need for prioritization to utilize available funds to assure the 
highest network level of performance as evaluated by bridge 
infrastructure managers’ specified parameters. The bridge owners 
are confronted with major challenges to improve and maintain the 
aging bridge infrastructure (Allah Bukhsh et al, 2018). 

Figure 1 illustrates the age distribution of New Hampshire 
Department of Transportation (NHDOT) bridges. About 95% of 
NHDOT bridges require some type of maintenance or 
rehabilitation. New bridges could use some type of proper 
preventive maintenance to extend their service life. 

 
Figure 1.  NHDOT bridge age distribution. 
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The goal for BRPRS is to extend the useful life of bridges in 
the most cost-effective manner by evaluating financial plans to 
identify funding levels required to sustain bridge networks at 
selected service levels. Bridge Repair Priority Ranking System 
(BRPRS) prepares a network bridge project management strategy 
within management specified budget limits.  The objective is to 
refine the decision-making process to attain the maximum network 
service life, at the lowest possible cost to sustain a bridge network 
at the highest possible network condition index. Subsequently, the 
priority ranking system provides data to network managers for 
presentation to respective government budget approval process, as 
well as the voting public. The BRPRS presents the site-specific 
bridge parameters, weighting factors, and cost comparative factors 
to provide a bridge network priority ranking system that includes 
preservation, general maintenance, rehabilitation, and 
replacement projects.  

2. Background 

Project priority ranking systems have been used by several state 
departments of transportations to evaluate and select bridge 
projects for their preservation, rehabilitation, capital improvement 
programs, and replacement projects in preparing long and short 
term budget plans. (Kulkarni et al, 2004). Most BMS programs 
provide some type of ranking system on a network level. BrM 
(Pontis) provides bridge ranking based on benefit-to-cost ratio, the 
average health index, or the sufficiency rating for each project 
(Cambridge, 2005).  

The sufficiency-rating (SR) approach is still used by some state 
DOTs for ranking bridges. Sufficiency rating (SR) was developed 
by the Federal Highway Administration (FHWA, 1995) to rate and 
rank bridge inventories. The SR is used by FHWA as of priority-
ranking technique to determine the eligibility of bridges for 
MR&R activities and overall assessment of a bridge's condition. 
A SR calculation scale is expressed as a percentage from 0 to 100, 
with 0 representing a completely deficient bridge and 100 a new 
or rehabilitated bridge. SR categorizes bridges into three groups 
for MR&R recommendation. (1) bridges with SR ratings between 
80 and 100 should receive preservation treatments and no 
additional maintenance, (2) bridges with SR between 50 and 80 
are eligible for rehabilitation and (3) bridges with SR between 0 
and 50 are eligible for replacement. Bridge deficiencies are 
described in one of two categories: structurally deficient or 
functionality  obsolete (Xanthakos, 1996). 

The drawbacks of the SR method are (Sianipar et al, 1997): (1) 
overlooks the Average Daily Traffic (ADT), (2) SR is determined 
on the basis of a single standard, and (3) the method provides no 
room for optimization. Based on the SR method, narrow bridges 
that have a low capacity are subjected to low sufficiency ratings, 
although these bridges may be in good or better condition. 
(Elbehairy et al, 2006). The SR is not capable of providing MR&R 
strategy for each bridge. 

Benefit-to-Cost Ratio: The benefit-to-cost ratio (B/C) considers 
all  the benefits and costs associated with a project.  Agency 

benefits are defined as “the present worth of future cost savings to 
the agency bridge expenditures” (FHWA, 1989b). Benefit/cost 
ratios are used to compare the use of fundings between projects. 
Numerous projects on the network level may be prioritized by 
evaluating the B/C ratio for each project. In comparing all the 
projects, those projects with the highest B/C ratio would be ranked 
as the most efficient (Sallman et al, 2012). Farid et al (1993) 
reported that the B/C ratio is difficult to use for assessing user 
costs and forecasting future conditions. The B/C ratio assumes the 
benefits gained from improvement projects are constant. 
However, this is not always correct; this assumption does not take 
into account project timelines within the limits of the analysis 
period. 

Health Index: The Bridge Health Index was developed by the 
California Department of Transportation (CALTRANS). The 
purpose was to create a unified condition index that would solely 
reflect the structural condition of the bridge (Roberts et al, 2000). 
The Heath Index determines the remaining bridge asset value and 
compares it to its replacement value or to its best possible 
condition versus the current condition. 

The National Bridge Inventory (NBI) is the aggregation of 
structure inventory and appraisal data which was initially 
developed in 1971 to observe bridge operations and safety. The 
NBI inventory data consisting of 116 items provides information 
for each bridge. These items are specified in the Recording and 
Coding Guide for the structure inventory and appraisal of the 
Nation’s Bridges (FHWA-PD-96-001).  The National Bridge 
Inspection Standards (NBIS) were established in 1971 to require 
that all bridge inspection processes, frequency of inspections, 
qualification of the bridge inspectors, bridge inspection reports 
and the maintenance of bridge inventories meet the National 
Bridge Inspection Standards (Rossow, 2012). All bridges longer 
than 20 feet (6.1 meters) must be inspected per (NBIS; 23 CFR 
650 subpart C) and reported by the states and federal agencies to 
the Federal Highway Administration. 

3. Bridge Repair Priority Ranking System 

The bridge prioritization process is based on a set of criteria for 
performance measures which will be used to prioritize projects in 
the ranking system. These criteria are based on fundamental 
values and concepts in the following categories: 

1. Condition 

2. Criticality 

3. Risk 

4. Functionality  

5. Type 

6. Age 

7. Size 
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The rating scoring system includes user specified site conditions 
pertaining to a respective individual bridge in a network. The 
priority ranking index is from 0 (least candidate for rehabilitation 
and replacement) to 100 (most preferred candidate for 
rehabilitation and replacement). 

The priority ranking points for rehabilitation are calculated as: 

𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃 = 𝛼𝛼𝛼𝛼 + 𝛽𝛽𝛼𝛼𝛽𝛽 + +𝛾𝛾𝑃𝑃 + 𝛿𝛿𝛿𝛿 + 𝜀𝜀BT+θA+μS     (1) 
where 

PRPR - priority ranking points for rehabilitation (ranging from 0 
to 100) 

C - condition rating points based on NBI rating system 

CT - criticality based on traffic volume, road class, detour length, 
border bridge, utility, and impact 

R - risk based on scour critical, flood, ice, fracture critical 
member, and bridge rail type 

F - functionality  based on load limit, vertical clearance, lane 
width, shoulder width, waterway adequacy, and mobility 

BT - bridge type: girder, movable, culvert, timber, truss 

S - size 

A - age 

The weighting variables (α, β, γ, δ, ε, θ, μ) are a percentage of 
each criterion in the rating equation and are agency specified. It is 
recommended that the rating score total 100 points to denote the 
highest priority.   Bridge managers can adjust the weighting 
factors of each category and their respective parameters based on 
their highway network. Table 1 shows the recommended range of 
category weighting factors. The sum of the weighting factors must 
not exceed 1. 

 
Table 1.  Ranking Criteria Weighting Factors 

Criteria Weighting 
Variable 

Recommended 
Range 

Default 
Value 

Condition α 0.40 – 0.60 0.40 
Criticality β 0.10 – 0.30 0.18 
Risk δ 0.10 – 0.30 0.15 
Functionality γ 0.10 – 0.20 0.12 
Type ε 0.0 – 0.10 0.05 
Age θ 0.05 – 0.15 0.05 
Size μ 0.05 – 0.10 0.05 
Total 1.00 

 

3.1  Condition:  

The bridge condition criteria are worth 40% to 60% of the total 
PRPR. A bridge condition assessment is normally divided into 
three sections or components: (1) Deck, (2) Superstructure, and 
(3) Substructure. In this study, the default condition weighting 
factor is 40% ( α = 40%) in which the Deck Condition score 
accounts for 20% of the rating, while the Superstructure and 
Substructure Condition score account for 40% each. NBI condtion 
rating shown in Table 2.  

C = 0.2 k(Deck)+0.4 k(Superstructure)+0.4 k(Substructure)  

Where   

k = (9-N)/(100/9)                                        (3) 

N = NBI condition rating of bridge component  

Table 2 NBI condition rating 

NBI Condition Rating  
9 Excellent Condition  
8 Very Good Condition 
7 Good Condition 
6 Satisfactory Condition 
5 Fair Condition 
4 Poor Condition 
3 Serious Condition 
2 Critical Condition 
1 Imminent Failure Condition 
0 Failed Condition 

 
The NBI condition rating for Bridge #216/112 Spaulding 

Turnpike over NH 75 based on NHDOT’s  inspection report is: 
Deck:                    6         Satisfactory 
Superstructure:     8        Very Good 
Substructure:       7         Good 
 
From equation 3 the scoring numerical value for each bridge 

component can be calculate as: 
 
k(deck)=(9-6)(100/9)=33.3 
k(superstructure)=(9-8)(100/9)=11 
k(substructure)=(9-7)(100/9)=22 
 
From equation 2 the condition score is 
 
C=0.2(33.3)+0.4(11)+0.4(22)=20 
 
The condition of this bridge is worth 20 out of 100. The 

maximum points in this category (bridge condition) will not 
exceed 100  points (i.e. the worst condition). 
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3.2 Criticality  

Criticality is based on a set of criteria that is important to the 
public. These criteria include traffic volume (T), road 
classification (RC), detour length when bridge is closed to traffic 
(D), border bridge (if a bridge is connecting two states) (B), 
utilities on the bridge (U), and the economic, environmental, 
societal impact caused by a bridge closure (I). Table 3 describes 
the percentage of each section of criticality. Criticality 
recommended weighting factor is 10% to 30% of PRPR (β=10% 
to 30%)   

 
CT = 0.3T+0.2RC+0.15D+0.05B+0.1U+0.2I             (4) 
 

Table 3.  Criticality Recommended Scoring 

Annual Average Daily Traffic Points 
> 50,000 100 
25,000 – 49,999 75 
10,000 – 24,999 50 
1,000 – 9,999 25 
0 to 999 12.5 

  
Road Class Score 

Interstates & Turnpikes 100 
Other Freeways & Expressways 75 
Collector  50 
Local 25 
  

Detour Length (miles) Score 
>20 100 
10 – 20  75 
5 – 10 50 
0 – 5  25 

  
Utilities Score 

Contains utilities 100 
No utilities 0 

  
Criticality Score 

Economic 25 
Environmental 25 
Societal 25 
School Bus Route 25 

 

Table 4 shows the scoring of criticality for Bridge #216/112 
Spaulding Turnpike over NH 75.  
 

Table 4.  Criticality Scoring of Bridge 216/112 on Spaulding 
Turnpike 

Parameter Criteria Value 
Traffic Volume 35,000  22.5 
Road Class Turnpikes 20 
Detour Length 9 miles 11 
Border Bridge No 0 
Utilities No 0 
Impact   

Economic Yes 5 
Environmental No 0 
Societal Yes 5 
School Bus Route Yes 5 

  68.5 

From equation 4 the traffic volume is 30% of criticality. In this 
bridge example the traffic volume of 35000 AADT based on table 
3 will result with the total score of 75 points. Applying the 
weighting factor of 0.3 will result in the value of 22.5 as shown in 
table 4. 

3.3 Risk 

The bridge risk criteria are factors that may cause bridge 
failure. In the United States, bridge scour has been the number one 
cause of bridge failures. The risk criteria for this study are scour 
critical (SC), flood (FL), ice (IC), fracture critical member (FC), 
bridge rail types (BR), and impact damage (I).  A fracture critical 
bridge is defined by the FHWA as a steel member in tension, or 
with a tension element, whose failure would probably cause a 
portion of or the entire bridge to collapse.   

 
𝑃𝑃 = 0.3 𝑆𝑆𝛼𝛼 + 0.1 𝛿𝛿𝐹𝐹 + 0.2 𝐵𝐵𝑃𝑃 + 0.3 𝛿𝛿𝛼𝛼 + 0.1 𝐼𝐼𝛼𝛼                                                                                                   
 

Table 5.  Risk Recommended Scoring 

Scour Critical Score 
Yes 100 
No 0 

  
Flood  

Yes 100 
No 0 

  
Bridge Rail  

Does not meet standard 100 
Meets standard 0 

  
Fracture Critical Member  

Yes 100 
No 0 

  
Ice  

Yes 100 
No 0 
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Table 6 shows the risk value scoring of Bridge 216/112 on 
Spaulding Turnpike.  total risk value is 20 points since this bridge 
is not over water and bridge rail does not meet the current standard. 
 
Table 6.  Risk Value Scoring of Bridge 216/112 on Spaulding 
Turnpike 

Parameter Value Score 
Scour Critical No 0 
Flood No 0 
Bridge Rail / Barrier Does not meet 

standard 
20 

Fracture Critical Member No 0 
Ice No 0 
Total 20 

3.4 Functionality  

Functionally  obsolete bridges are those that do not have 
adequate vertical clearances, lane widths, shoulder widths, or 
those that may be occasionally flooded or fail to meet current 
traffic demand or current geometric standards. The Federal 
Highway Administration defines functionality  obsolete as, does 
not meet current design standards (for criteria such as lane width), 
either because the volume of traffic carried by the bridge exceeds 
the level anticipated when the bridge was constructed and/or the 
relevant design standards have been revised. 

In this study, the functionality  criteria is based on load limit 
(LL), vertical clearance (VC), lane width (LW), shoulder width 
(SW), waterway adequacy (WA), and mobility (MB). The scoring 
detail is shown in Table 7.  

The recommended weighting factor is 10% to 20% of PRPR 
(γ=10% to 20%) with default setting of 12%. 

𝛿𝛿 =  0.2 𝐹𝐹𝐹𝐹 + 0.2 𝑉𝑉𝛼𝛼 + 0.1 𝐹𝐹𝐿𝐿 + 0.1 𝑆𝑆𝐿𝐿 + 0.2 𝑀𝑀𝐵𝐵 + 0.2 𝐿𝐿𝑊𝑊 

Table 7.  Functionality Recommended Scoring 

Load Limit Score 
< 3 tons 100 
3 – 10 tons 70 
< HS-20 50 
HS 20 0 

  
Lane Width (ft) Score 

< 12 100 
≥12 0 

  
Mobility (vehicles/hour) Score 

>1400 100 
1100-1400  75 
900 – 1100  50 
700-900  25 

<700 0 
  

Vertical Clearance (ft) Score 

<14 100 
14 – 16  50 
>16 100 

  
Shoulder Width (ft) Score 

<4 100 
4 – 10  50 
≥10 0 
  

Waterway Adequacy Score 
Flood Overtopping 100 
Clearance < 12 ft 50 

Table 8 shows the scoring of functionality for Bridge 216/112 
Spaulding Turnpike over NH 75.  

 
Table 8.  Functionality Value Scoring of Bridge 216/112 on 
Spaulding Turnpike 

Parameter Value Points 
Load Limit HS-20 0 
Lane Width 12 ft 0 
Mobility 1400 20 
Vertical Clearance 16.8 ft 0 
Shoulder Width 10 0 
Waterway Adequacy N/A 0 
Total  20 

3.5 Bridge Type, Size and Age 

The recommended weighting factors for bridge type, size, and 
age are 5% each as described in Table 9 

Table 9.  Bridge Type, Size, and Age Recommended Scoring 

Type Score 
Girder 80 
Movable 100 
Culvert 20 
Timber 50 
Truss 100 
Cable Supported 100 
Arch 75 

  
Size (deck area sq-ft) Score 

>30,000 100 
20,000 – 30,000 80 
10,000 – 19,999 60 
5,000 – 9,999 40 
< 5000 20 

  
Age (years) Score 

> 50 100 
40 – 50  80 
30 – 39  60 
20 – 30  40 
< 20 20 
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Table 10 shows the scoring of bridge type, size, and age for 
Bridge #216/112 Spaulding Turnpike over NH 75.  
 
Table 10. Bridge Type, Size, and Age Scoring of Bridge 
216/112 on Spaulding Turnpike 

Parameter Value Points 
Type Girder 80 
Size 6,500 ft2 40 
Age 42 years 80 

 
The total PRPR score for Bridge 216/112 on the Spaulding 

Turnpike may be calculated using the default weighting variable 
values from Table 1 and the individual category scores from 
Tables 4, 6, 8, and 10. These results are shown in Table 11. 
 
Table 11.  Composite Score Calculation of Bridge 216/112 on 
Spaulding Turnpike 

Category Score Weight Weighted 
Score 

Condition 20 0.4 8.0 
Criticality 68.5 0.18 12.3 
Risk 20 0.15 3.0 
Functionality  20 0.12 2.4 
Type 80 0.05 4.0 
Size 40 0.05 2.0 
Age 80 0.05 4.0 
Total 35.7 

4.  Case Study 

A sample network consisting of 170 New Hampshire Turnpikes 
bridges has been chosen to demonstrate the application of the 
developed priority ranking method.  Table 12 shows some of the 
calculated BRPR scores. In order for BRPRS (Bridge Repair 
Priority Ranking System) to be effective, there needs to be a fine 
balance between the condition of the bridge and the other criteria 
that affect the traveling public. The BRPRS, in altering the 
distribution rate outside of the recommended range, should not 
compromise the condition of the bridge, nor should it be solely 
based on the condition.  

The current method of bridge management is insufficient to 
meet the demands of the traveling public; the “worst first” routine 
is no longer being viewed as the best option. The BRPRS is most 
effective when the condition range is between 40% and 60% 
which allows other user factors to be considered.   The criteria 
such as traffic volume, detour length, bridge rail, fracture critical 
member, lane width, and mobility that interrupt the nation’s 
economy, lifestyle, and the safety of motorists should be a 
significant part in decision making.  

The two other criteria that should remain constant are toll plaza 
bridges and emergency vehicle route bridges. These two criteria 
should receive an additional 5 to 10 points in the priority rating. 
The detour bypass around toll plazas can be costly due to revenue 

loss. Emergency vehicle route bridge closure can have a 
significant impact on the community and can be costly to the 
bridge owner in providing a safe reliable detour. 

 
Table 12.  NH Turnpike BRPR Scores 

Town Description BRPR 
Score 

Portsmouth I-95 over Piscataqua River Road 63 
Dover / 
Newington 

SB Spaulding Turnpike over 
Little Bay 

60 

Dover / 
Newington 

NB Sp. Turnpike over Little Bay 58 

Hampton I-95 over Taylor River 51 
Manchester F.E. Everett Turnpike NB over 

Black Brook 
47 

Nashua / 
Hudson 

WB Connector over B&M RR 
and Merrimack River Sagamore 
Bridge 

45 

Dover Sp. Turnpike NB over Cocheco 
River 

44 

Dover Sp. Turnpike SB over Cocheco 
River 

434 

Manchester F.E. Everett Turnpike SB over 
Black Brook 

43 

Merrimack Baboosk Road over F.E. Everett 
Turnpike 

43 

Merrimack F.E. Everett Turnpike SB over 
Pennichuck Brook 

41 

Merrimack F.E. Everett Turnpike NB over 
Pennichuck Brook 

41 

Concord F.E. Everett Turnpike SB over 
Hall Street 

40 

Milton Spaulding Turnpike over Route 
75 

36 

Nashua F.E. Everett Turnpike NB over 
Nashua River 

34 

Concord F.E. Everett Turnpike NB over 
B&M Railroad 

34 

Portsmouth I-95 over Hodgson Brook 33 
Nashua F.E. Everett Turnpike SB over 

Canal Road 
29 

Nashua F.E. Everett Turnpike NB over 
Canal Road 

27 

Bow F.E. Everett Turnpike over Dow 
Road 

26 

Hooksett I-93 over Ramp A and B 25 
 

5.  Summary 

The prioritization is based on multi-criteria type of analysis, a 
priority ranking is computed for each bridge, the ranking index is 
expressed as a number from 0 (least candidate for rehabilitation 
and replacement) to 100 (most preferred candidate for 
rehabilitation and replacement) which enables project managers 



Volume 28, Issue 1  Yari 
  
 

27     CIVIL ENGINEERING PRACTICE  © Boston Society of Civil Engineers Section / ASCE 

and decision-makers to understand and compare the overall health 
of a various bridges in the network. This ranking system has been 
tested through case study and experienced professional engineers 
and asset managers from municipalities and NHDOT. The 
advantage of this system is that it provides flexibility to the bridge 
owners to adjust the weighing factor based on their own interest. 
However, the adjustment must be within recommended weighing 
factor and the changes must be on the network level. This priority 
ranking system is designed to integrate with the proposed GIS 
Based Bridge Management System. The drawback of this system 
is the weighing factor is based on engineering experience and 
judgment which can be bias. 

References 

Allah Bukhsh, Z., Stipanovic, I., Klanker, G., O’Connor, A., & 
Doree, A. G. (2018). Network level bridges maintenance 
planning using Multi-Attribute Utility Theory. Structure and 
Infrastructure Engineering, 1-14. 

Cambridge Systematics, Inc. (2005). “Pontis Release 4.4 User’s 
Manual” 100 CambridgePark Drive, Suite 400 Cambridge, 
Massachusetts 02140. Published by the American 
Association of State Highway and Transportation Officials, 
Inc.444 North Capitol Street N.W., Suite 249 Washington, 
D.C. 20001, USA 202-624-5800 

Elbehairy, H., T. Hegazy, and K. Souki. 2006. “Bridge 
Management System with Practical Work Zone Planning.” 
Joint International Conference on Computing and Decision 
Making in Civil and Building Engineering. Montreal, 
Canada. 

Farid, F., Johnston, D., Chen, C., Laverde, M., and Rihani, B. 
(1993),”Benefit Cost Analysis for Optimal Budget Allocation 
on Bridges”. Proceeding of the fifth International Conference 
on Computing in Civil and Building Engineering, ASCE, 
California. 

Federal Highway Administration (FHWA) (1989b), “Bridge 
needs and Investment process”, Technical Documentation 
and User’s Guide, U.S. Department of Transportation, 
Washington, D.C, version 1.2. 

Federal Highway Administration (FHWA). 1995. Recording and 
Coding Guide for the Structure Inventory and Appraisal of 
the Nation’s Bridges. FHWA-PD-96-001. Federal Highway 
Administration, U.S. Department of Transportation, 
Washington, DC. 

Kulkami, R. B., Miller D., Ingram, R. M., Wong, C, Lorenz, J., 
(2004). "Need-Based Project Prioritization: Alternative to 
Cost-Benefit Analysis." Journal of Transportation 
Engineering, Vol. 130, No. 2, pp. 150-158. 

Rashidi, M., Samali, B., & Sharafi, P. (2016). A new model for 
bridge management: Part A: Condition assessment and 

priority ranking of bridges. Australian Journal of Civil 
Engineering, 14(1), 35-45. 

Robert William E., Allen R. Marshall, Richard W. Shepard and 
Jose Aldayuz 2003.  “Pontis Bridge Management System 
State of the Practice in Implementation and Development” 
9th International Bridge Management Conference.  

Sallman, D., Flanigan, E., Jeannotte, K., Hedden, C., & Morallos, 
D. (2012). Operations Benefit/Cost Analysis Desk Reference 
(No. FHWA-HOP-12 028). 

Sianipar, P. R., & Adams, T. M. (1997). Fault-tree model of 
bridge element deterioration due to interaction. Journal of 
Infrastructure Systems, 3(3), 103-110. 

Xanthakos, P. (1996), “Bridge Strengthening and 
Rehabilitation”, Transportation Structures Series, Prentice 
Hall PTR, Upper Saddle River, New Jersey, 07458, ISBN 0-
13-362716-0, USA. 




