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Historic bridges are an important part of the heritage, development and transportation
system of Maine. Perhaps no other structure in our built environment tells us more about
human progress than a bridge. In each bridge is the visible development of engineering,
architecture, art and technology.

Maine Office of Tourism

ABSTRACT

The purpose of this thesis is to study a wide range of historic bridges along the coast of
Maine. Three bridges were selected for study: Sewall’s Bridge, Bailey Island Bridge, and
Deer Isle-Sedgwick Bridge. The selected bridges exhibit varying historic treatment
approaches, material use, structure type, and span length. This thesis establishes the
compliance of these bridges with modern geometric standards, as defined by AASHTO
(2011), including maximum grade, vertical and horizontal alignment, roadway width, and
sidewalk width. Passing sight distance, passenger comfort and general appearance are not
be included in this evaluation of geometric design.

This document outlines the standards for defining historical significance of bridges; gives
a summary of the three studied bridges including project area, history and significance,
and structural features; explains the modern geometric design requirements; evaluates the
bridges based on these design requirements; and makes recommendations to remedy the
inconsistencies between the bridges’ current geometric design and the geometric design
requirements outlined by AASHTO (2011).

A Policy on Geometric Design of Highways and Streets (AASHTO, 2011) is the guiding
principal for the design of roads with regard to geometric standards. Various equations,
tables, and graphs within the text quantify these standards. These measures are used
within this thesis to determine the required geometric design values according to modern

design principals and compared with the existing values of the three bridges using scaled
bridge plans.

The evaluation of the studied bridges shows that all three bridges are compliant with the
AASHTO (2011) guidelines for maximum grade and crest vertical curve length.
Conversely, none of the bridges meet the current design standards for bridge width. The
compliance of the bridges with the other geometric design standards is partial. Only one
of the three bridges fully meets the guideline for the length of sag vertical curves (Deer
Isle-Sedgwick Bridge); only one bridge meets the guideline for sidewalk width (Bailey
Island Bridge); two bridges meet the guideline for minimum horizontal curve radius
(Bailey Island Bridge and Deer Isle-Sedgwick Bridge); and two bridges meet the
guideline for the inclusion of sidewalks (Bailey Island Bridge and Deer Isle-Sedgwick
Bridge).

The affect that these inadequacies have on passenger safety is not fully known at this
time. In order to gain a further understanding of these effects, an evaluation of safety and
public opinion should be conducted. Once these deficiencies and the affect that they have
on safety are identified, the feasibility of the rehabilitation project may be considered,
based on project cost, time constraints, and impact to historic value (as determined by the
Maine Department of Transportation). This process should be applied nationally and all
state Department of Transportation offices should implement management plans for
historic bridges.
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INTRODUCTION

This section provides an overview of the importance of historic preservation, especially
in Maine, explains the change in transportation requirements over time, presents the
purpose and scope of the study, and outlines the criteria used to choose the three bridges
in this thesis.

Importance of Historic Preservation of Bridges
Bridges represent a vital stage in the transition of society into the modern world. The rise
of the first modern civilizations in the Middle East necessitated the rise of the first bridge
spans. Bridges have served to transport people, resources, and ideas across the continents.
As a result, bridges represent vital accomplishments in the development of culture and
technology.

Many historic bridges across the United States are in danger of extinction. According to a
2011 study by the Federal Highway Administration (FHWA), “More than 30 percent of
existing bridges have exceeded their 50-year theoretical design life and are in need of
various levels of repair, rehabilitation, or replacement.” Additionally, statistics gathered
in 2004 by Colorado Preservation, Inc., indicate that approximately half of the historic
bridges within the U.S. had been lost within the previous two decades (1984-2004)
(DeLony and Klein, 2004).
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In order to gain an understanding of historic bridge management plans across the county,
the SRI Foundation distributed a survey to all 50 state Department of Transportation
sectors concerning policies that govern the preservation of historic bridges. From the 37
responses, the survey concluded that funding is the principal reason that states choose not
to rehabilitate historic bridges. Other primary factors include tort liability and lack of
community interest (2004). Over the last three decades, the national government has
allocated approximately $77.6 billion to the states for bridge preservation (FHWA, 2011).
The majority of respondents to the survey acknowledge that community interest is the
leading reason that bridges are saved. Many programs mention flexible design standards
and others mention historic bridge management plans as primary contributors in saving
historic bridges (DeLony and Klein, 2004).

The American Society of Civil Engineers (ASCE) “supports the maintenance, repair and
rehabilitation of historic bridges preferably in continued vehicular use,” (2004).
Vehicular use on historic bridges is preferred because their continued use means that the
bridges will remain in possession of the state Department of Transportation and will
therefore receive maintenance, inspection, and funding. Therefore, it is essential to
maintain bridges in sufficient structural condition and within geometric standards in order
for the bridges to remain under state jurisdiction. Geometric standards guide the
geometric design of roads and bridges for maximum grade (slope of the road), vertical
and horizontal alignment (the design of the profile and plan of a road, respectively),
roadway width, and sidewalk width.
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Historic Bridges of Maine
The coast of Maine is extremely rugged, consisting of many peninsulas, bays, and
islands. The Maine coast consists of 3,478 miles of shoreline, the fourth longest shoreline
in the country (after Alaska, Florida, and Louisiana) (National Oceanic and Atmospheric
Administration, 2012). Additionally, Maine’s coast includes nearly 3,000 islands
(Waterfront Properties of Maine, 2013). Bridges are crucial to the state, linking islands in
close proximity to the mainland, yet it is unknown how many coastal bridges were
constructed throughout the state’s long history.

According to the Historic Bridge Survey conducted by the Maine Department of
Transportation (MaineDOT) in 2004, 2,030 bridges were built in Maine before 1956 with
spans longer than ten feet; 150 of those bridges were identified as listed on, or eligible
for, the National Register of Historic Places. In 1985 the 112th Maine Legislature charged
the Department of Transportation with the responsibility of preserving historic bridges of
unique design (MaineDOT, 2011a). Additionally the Maine Historic Preservation
Commission (MHPC) must be consulted for all historic bridge projects listed on the
National Register.

The Maine Office of Tourism website noted the importance of preserving the bridges in
Maine: “Historic bridges are an important part of the heritage, development and
transportation system of Maine. Perhaps no other structure in our built environment tells
us more about human progress than a bridge. In each bridge is the visible development of
engineering, architecture, art and technology,” (Maine Office of Tourism, N.D.).
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Overview and Evaluation of Modern Transportation Guidelines
Traffic needs have changed significantly throughout the years, reflecting changes and
evolution of modes of transportation and changes in traffic volume. Additionally, as
engineering knowledge progressed, more became known about safety measures that
ought to be considered when designing roads and bridges.

The American Association of State Highway and Transportation Officials (AASHTO)
governs the geometric design of roads and bridges. AASHTO’s guidelines are specified
within the manual entitled A Policy on Geometric Design of Highways and Streets
(2011). Bridges that are considered “historic” were not constructed when these geometric
guidelines were in place. It is often costly and difficult to bring non-compliant bridges up
to code. Additionally, historic preservation groups (such as the Maine Historic
Preservation Commission [MHPC]) as well as the Maine Department of Transportation
strive to maintain the physical appearance of historically significant bridges that are listed
on or eligible for the National Register of Historic Places; significant structural
alterations often compromise the historic fabric and design of the original structure.

Transformation of Traffic Needs Over Time
When early American bridges were constructed, transportation needs were much
different than today. Due to the evolution of transportation, the requirements for
geometric design have also evolved. These requirements are seen in the design standards
for vertical and horizontal alignment, travel-way widths, the inclusion and widths of
sidewalks, and under-clearance heights for boat traffic have also evolved. Horses and
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buggies threatened a bridge’s stability far less than semi-trucks. The loads required of
bridges rose due to increasing vehicular travel, as well as heavier and larger sized
vehicles, especially hauling trucks. The increased vehicle size also increased travel-way
widths. Larger vessels traveling beneath the coastal bridges required increased underclearance needs. Additionally, engineers developed equations for stopping sight distance
over time. Stopping sight distance is the distance traveled by a vehicle between the time
the driver observes an object in the vehicle’s path and the time the vehicle actually comes
to rest. Stopping sight distance affects the length of vertical curves. These equations did
not exist when most historical bridges were built. Safety measures and precautions were
outlined as the study of, and demand for, knowledge within the field of transportation
have grown. These safety measures are seen in the current standards for load ratings,
stopping sight distance formulas, vertical and horizontal alignment, travel-way widths,
inclusion and widths of sidewalks, and under-clearance heights.

Purpose of Study
This study provides an evaluation of three unique and historically significant bridges
along the coast of Maine in terms of their compliance with modern geometric standards.
Recommendations for each bridge are made based on these evaluations. These
considerations ought to be made for all historic bridges around the world, in order to
maintain both historic significance and passenger safety. This thesis may be used as a
guideline in the planning stages for future historic bridge projects.
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Scope
This thesis includes an outline of the criteria contributing to historic significance of
properties; an overview of each bridge that includes: project area, history and
significance, and structural features; alterations and repairs to the original structure; an
explanation of the geometric design requirements for modern bridges; an evaluation of
the compliance of each bridge with modern geometric design requirements; general
recommendations for each bridge; and comprehensive summary of recommendations.

The geometric design criteria that are necessary for consideration are:
1) Maximum grade
2) Vertical alignment (based on sag and crest curve lengths)
3) Horizontal alignment
4) Combination of vertical and horizontal alignment
5) Roadway width
6) Inclusion and width of sidewalks

Exclusions from Scope
The consideration of several factors that affect vertical curve length are not included in
the scope of this project, such as: passing sight distance, passenger comfort and general
appearance. Passing sight distance is not considered because of safety issues. Vehicular
passing on bridges is not a safe practice. AASHTO has created formulas to quantify both
passenger comfort and general appearance on roadways, but these criteria are not matters
considered relevant within this discussion because they are secondary in importance to
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the safety of drivers and passengers. Changes to passenger comfort and general
appearance generally require costly and time-consuming alterations of historic bridges
that could result in a decrease of the structure’s historic value.

Historic Bridge Selection Criteria
Six criteria were used in the selection of the three bridges to be studied in this thesis, as
follows:
1)

Historical and structural significance – In this study the historical
significance was determined based on the criteria outlined by the National
Register of Historic Places. In this case, both currently listed bridges and
those eligible for listing on the National Register have been considered.
Moreover, bridges designated as National Historic Civil Engineering
Landmarks by the American Society of Civil Engineers were also
considered.

2)

A coastal location within the State of Maine - This criterion was
established both to narrow the scope within the category of historically
significant bridges and to highlight the unique challenges presented by the
rugged coastline and islands of Maine.

3)

Varying treatment approaches used (preservation, rehabilitation,
restoration and reconstruction) - Each bridge showcases a different
treatment approach in order to highlight the variety of treatment options
available for historic properties.

4)

Varying material use.
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5)

Varying structure type.

6)

Varying span length.

These criteria serve to highlight the unique array of historic bridges found in the State of
Maine. The bridges in this study focus attention on Maine’s rugged coastline and display
the varied solutions for connecting areas of rocky coastline using a variety of materials,
structures, spans, and designs.

It should also be noted that all three bridges that were chosen for this study are owned
and maintained by the State of Maine. This was not a specified criterion for the project,
but it resulted in consistent documentation for all three bridges, as well as a consistent
methodology for policy-making in regards to historic bridges.

After an evaluation of the criteria, three bridges were selected: Sewall’s Bridge of York,
Maine; Bailey Island Bridge of Harpswell, Maine; and Deer-Isle Sedgwick Bridge of
Deer Isle, Maine. The applicability of each bridge to the six criteria is summarized in
Table 1.
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Table 1 – Satisfaction of Selection Criteria in Three Studied Bridges
Sewall’s

Bailey Island

Deer Isle Sedgwick

Criterion 1 –
Historical &
Structural
Significance

Eligible for the NR,
ASCE Landmark*,
Resource in NR
District

Listed on the NR,
ASCE Landmark*

Eligible for the NR

Criterion 2 –
Coastal Maine
Location

York, ME

Harpswell, ME

Deer Isle, ME

Criterion 3 –
Varying
Treatment
Approach

Reconstruction

Preservation/
Restoration

Rehabilitation

Criterion 4 –
Varying
Material

Timber

Granite & Concrete

Steel

Criterion 5 –
Varying
Structure

Stringer

Crib-style/T-beam

Suspension

Criterion 6 –
Varying Span
Length

255 ft

1,167 ft

2,505 ft

* ASCE National Historic Civil Engineering Landmark

STANDARDS FOR DEFINING HISTORIC SIGNIFICANCE OF BRIDGES

There are several standards that define historic significance of bridges on state and
national levels. These terms are defined by several organizations, including the National
Park Service, American Society of Civil Engineers, and Maine Department of
Transportation. This terminology is used throughout this thesis.
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National Park Service
The National Park Service (NPS) has defined specific criteria for inclusion in the
National Register, as well as standards for the treatment of historic properties, including
bridges. The National Register of Historic Places, which comes under the NPS’s
jurisdiction, establishes partial fulfillment of criterion 1 as defined above: historical and
structural significance. The NPS also defines four approaches to treatment of historic
properties. The four treatment approaches are preservation, rehabilitation, restoration, and
reconstruction. Each of the treatment approaches is demonstrated in regards to the
bridges presented in this thesis.

National Register of Historic Places
In 1966, the National Historic Preservation Act established the need for a comprehensive
survey and list of historic properties across the country. The National Park Service issues
a list of properties that continues to grow that are qualified for preservation. This list is
known as the National Register of Historic Places. More than 80,000 properties are now
included on the National Register of Historic Places (National Park Service, 2011); in
2004 (the latest available statistics) 2,300 of these were bridges (DeLony and Klein).

When evaluating properties, the National Register considers “districts, sites, buildings,
structures, and objects” that are significant in the fields of “American history,
architecture, archeology, engineering, and culture.” They must show integrity of location,
design, setting, materials, workmanship, feeling, and association. The historic properties
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in question must also fulfill one or more of the following criteria, according to the
National Park Service (N.D.):

A) “That are associated with events that have made a significant contribution to the
broad patterns of our history; or”
B) “That are associated with the lives of significant persons in our past; or”
C) “That embody the distinctive characteristics of a type, period, or method of
construction, or that represent the work of a master, or that possess high artistic
values, or that represent a significant and distinguishable entity whose
components may lack individual distinction; or”
D) “That have yielded or may be likely to yield, information important in history or
prehistory.”

According to MaineDOT (2004) these criteria also apply when considering bridges for
the National Register. The only Maine bridges applicable to Criterion B, requiring
association with significant persons, are those within Acadia National Park constructed
under the supervision of John D. Rockefeller, Jr. (2004). Otherwise, Criterion C is most
applicable when considering historic bridges. Criterion D usually applies largely to
archaeological resources, but it may be applicable to bridges if the bridge is the
predominant source of important information. This qualification has not been found to
apply to any of the bridges within Maine Department of Transportation’s jurisdiction,
however.
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Properties associated with the National Register may either be “listed” or “eligible.” The
primary distinction between these designations is that properties “listed” on the National
Register have been officially nominated and the National Park Service has approved the
nomination. “Eligible” properties have not yet submitted the requisite paperwork for
inclusion but have been determined to fulfill the criteria. A property may be found
eligible for the National Register, but not yet formally listed. Once a property has been
determined to be eligible for the National Register, it is afforded the same protection that
is given to properties that are formally listed. Section 106 of the National Historic
Preservation Act states that the affect on all properties eligible for inclusion in the
National Register shall be considered by all State and Federal agencies before funds are
appropriated to commence work on the site (Advisory Council on Historic Preservation,
2006). This means that eligible and listed properties on the National Register are given
the same considerations by the Maine Department of Transportation and the Federal
Highway Association.

Four Approaches to the Treatment of Historic Properties
The National Park Service has delineated four terms that define four different treatment
approaches for historic properties. These terms, in hierarchical order, are “preservation,”
“rehabilitation,” “restoration,” and “reconstruction.” This nomenclature was developed to
encourage consistency in preservation work in order to retain the Nation’s historic fabric.
The National Park Service has developed standards for each treatment approach.
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The National Park Service defines the four treatment approaches as follows. Preservation
“places a high premium on the retention of all historic fabric through conservation,
maintenance and repair. It reflects a building's continuum over time, through successive
occupancies, and the respectful changes and alterations that are made” (National Park
Service, 2014). Rehabilitation “emphasizes the retention and repair of historic materials,
but more latitude is provided for replacement because it is assumed the property is more
deteriorated prior to work” (2014). Restoration “focuses on the retention of materials
from the most significant time in a property's history, while permitting the removal of
materials from other periods” (2014). Reconstruction “establishes limited opportunities to
re-create a non-surviving site, landscape, building, structure, or object in all new
materials” (2014).

The National Park Service notes that preservation or restoration is most often the desired
treatment approach for properties listed on the National Register. However, properties
that contribute to the significance of a noted historic district on the National Register
often undergo rehabilitation. Additionally, if substantial repair is required or additions are
necessary, then rehabilitation is also appropriate.

All four treatment approaches defined by the National Park Service are reflected in the
three case studies included within this thesis.
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American Society of Civil Engineers
The American Society of Civil Engineers (ASCE) can designate certain projects as
Historic Civil Engineering Landmarks. According to ASCE, thirteen categories exist for
these landmarks: aviation, bridges, buildings, dams, other structures, power generation,
research and educational development, roads and rails, surveys and maps, tunnels, urban
planning, water supply and control, and water transportation. There are 263 Historic Civil
Engineering Landmarks on Earth. Six reside within the State of Maine; three of those
landmarks are bridges (including the now extinct Waldo-Hancock Suspension Bridge of
Bucksport). The other two landmark bridges are Bailey Island Bridge and Sewall’s
Bridge, both of which are examined in this thesis.

In order for a project to be listed as a Historic Civil Engineering Landmark, the project
must be nominated by an organization. Once a nomination is submitted, the ASCE’s
History and Heritage Committee (HHC) evaluates the nomination and compares it to
projects of a similar nature. In addition to the nomination, the project must fulfill the
following guidelines as specified by ASCE (2014):

•

“The nominated project must be of national historic civil engineering
significance. Size or technical complexity of design or construction is not
sufficient in itself.”

•

“The project must represent a significant facet of civil engineering history,
but does not have to be designed or constructed by a civil engineer.”
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•

“Projects must have some special uniqueness (e.g., a first project
constructed); or have made some significant contribution (e.g. the first
project designed by a particular method); or utilized a unique or
significant construction or engineering technique. The project itself must
have contributed to the development of the nation or at least a very large
region. Thus a project that did not make a contribution, did not lead to
some other development, or was a technical ‘dead end’ may not be of
national historic significance, although it was the ‘first’ (or only one) of its
kind.”

•

“Projects should be generally available to the public view, although safety
considerations or geographic isolation may restrict access.”

•

“Nominated projects should be at least 50 years old from the substantial
completion at the time an ASCE plaque presentation is desired.”

•

“Allow room to mount a 13x19 bronze plaque, to be supplied by national
ASCE headquarters, which can be viewed by the public.”

If the HHC does not find a project to be of adequate significance to be named a
National/International Civil Engineering Landmark, it may recommend that the project
be named a local or state landmark.

Maine Department of Transportation
According to Guidelines for Historic Bridge Rehabilitation and Replacement, the Maine
Department of Transportation has an all-encompassing management plan for historic
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bridges that includes a report on appropriate treatments for historic bridge types and
materials, a protocol for establishing level of significance (average, high, exceptional), a
protocol for determining when bridges have preservation potential and when they do not,
and bridge specific plans that balance historic/environmental considerations with ability
of the bridge to provide or be improved to meet current design criteria (Harshbarger,
McCahon, Pullaro, Shaup; 2007).

MaineDOT utilizes Historic Inventory Forms to help determine a bridge’s historic
significance. The National Park System’s National Register (NR) criteria are included in
the evaluation of historic value. The Historic Inventory Form lists whether the bridge is
listed in the NR or is part of an eligible or listed district on the NR. The NR eligibility is
further reviewed in the form, by specifying which criteria are or are not fulfilled. The
evaluation goes further in the analysis by answering the following questions:

•

“Constructed in response to significant events in Maine, or local history?”

•

“Had a significant impact on growth and development of the area?”

•

“Associated with person(s) significant in local, state or national history?”

•

“Significant example of work of manufacturer, designer, and/or
engineer?”

•

“Significant example of its type/design?”

Before work begins on historic bridge projects, the MaineDOT considers the Area of
Potential Effect (APE). The APE represents a specified area around the bridge project
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and may include any historic properties, artifacts, or structures (both listed and eligible on
the National Register) that could be affected by the bridge project in question.
MaineDOT and the Maine Historic Preservation Commission hope to limit the adverse
effect of restoration or rehabilitation within the APE, which can include physical, visual,
audible, and atmospheric effects.

The Maine Department of Transportation uses a document called the Historic Bridge
Management Plan when deciding how to treat a historic bridge. This form outlines
structural and geometric deficiencies, and the historical significance of each historic
bridge to determine the preservation potential and make preservation recommendations.
Colorado Preservation, Inc. conducted a survey and received data from 37 state
Department of Transportation offices concerning their historic bridge management
policies. Twelve of the Departments have management plans in place and 14
Departments are either working on, or contemplating, developing management plans
(DeLony & Klein, 2004).

OVERVIEW OF STUDIED BRIDGES

This section provides a brief overview of the surrounding area, history and general
significance, structural features, and alterations and repairs to the original structure of the
three studied bridges: Sewall’s Bridge, Bailey Island Bridge and Deer Isle-Sedgwick
Bridge.
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Sewall’s Bridge
The following sections describe the project area, history and significance, structural
features, and alterations and repairs to the original structure of Sewall’s Bridge of York,
Maine.

Project Area
Sewall’s Bridge is located in the nation’s oldest incorporated city, York, Maine
(population of 12,854), within the York Village Historic District. York is comprised of
three historic districts listed on the National Register: York Corner, York Village, and
York Harbor. The York Village Historic District is the oldest of the three districts and
includes a wide variety of buildings from the seventeenth, eighteenth, and nineteenth
centuries (MHPC, 2012). Several other historic properties lay in the APE, including the
Elizabeth Perkins House and Boathouse (circa 1730), Bellerive (circa 1910), and
Bookerhouse (circa 1810). All three properties originally served as private residencies.

Sewall’s Bridge carries Organug Road from north to south across the York River.
Beyond the southern end of the bridge, Organug Road becomes Seabury Road. Organug
Road has a posted speed limit of 25 miles per hour. Classified as a local road that sees an
Annual Average Daily Traffic (AADT) of 2,450, Organug Road experiences its traffic as
5% of heavy trucks. In 2030, its AADT is expected to reach 3,920 (MaineDOT, 2011b).
Privately owned docks line the York River on both the eastern and western banks. An
aerial photograph of the bridge and the surrounding area is shown in Figure 1.

18

Figure 1 – Aerial Photograph of Sewall’s Bridge (Bing, 2013)

History and Significance
Major Samuel Sewall, Jr. originally built his namesake bridge in 1761, replacing the ferry
service that had been in operation for decades (MHPC, 2012). The bridge is famously
known as one of the first “engineered” bridges, as it is the earliest bridge built with – and
retaining – a construction record and drawings (ASCE, 2014f). This bridge is also known
as one of the first bridges to be supported by timber pile bents (Vanasse Hangen Brustlin,
Inc., 2010). In the 1930s Sewall’s Bridge was in need of improvement. The original plan
was to remove the existing bridge and replace it with a new concrete structure, but a
committee within the Society for the Preservation of New England Antiquities objected,
aiming to retain the historic value of the area. The committee eventually won: in 1934,
renowned engineer Llewellyn N. Edwards directed the reconstruction of the bridge. This
project is significant for being one of the earliest preservation efforts by a state highway
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commission (2010). Sewall’s Bridge is noted as a National Historic Civil Engineering
Landmark by the ASCE, is considered eligible for the National Register of Historic
Places, and is a contributing resource to the York Historic District.

Structural Features
Sewall’s Bridge is designated as a stringer bridge, a bridge supported by a number of
longitudinal beams or frames. Each supporting frame is referred to as a bent. The bents
are composed of timber, and the abutments are composed of wood and stone (MHPC,
N.D.). The original bridge included 14 spans and 13 braced bents, each bent supported by
four piles. The profile and plan of Sewall’s Bridge is shown in Appendix A and B,
respectively. The original bridge also included a lift span to allow for boat passage. The
lift span is no longer operational, but two masts were incorporated on either side of the
deck in the redesign of the bridge, in keeping with the original appearance of the bridge.
The bridge accommodates two lanes of traffic. A photo of the original bridge structure is
shown in Figure 2; a photo of the existing bridge structure is shown in Figure 3; and a
diagram of the current bent design is shown in Figure 4. A summary of the bridge
dimensions is shown in Table 2.
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Figure 2 – 1933 View of Sewall’s Bridge Facing East (MaineDOT, 1933)

Figure 3 – Sewall’s Bridge Facing Southwest (MHPC, N.D.)
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Figure 4 - Sewall’s Bridge Current Bent Design (MaineDOT, 2011c)

Table 2 – Dimensions of Sewall’s Bridge
Bridge Component

Dimension (ft)

Overall Length

255

Width (Curb to Curb)

22.3

Approach Travelway Width

18.0

Approach Roadway Shoulder Width (Left)

3.0

Approach Roadway Shoulder Width (Right)

4.0

Sidewalk Width (Left)

0.0

Sidewalk Width (Right)

0.0
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Alterations and Repairs to Original Structure
Sewall’s Bridge has undergone many alterations since it was originally built over 250
years ago. The most significant alteration to the original structure was in 1934 when the
bridge was replaced with a replica. However, the 1924 Maine State Highway
Commission General Bridge Survey notes that the original structure was also rebuilt in
1922 (MaineDOT, 2010). Many other alterations have occurred periodically, including
the instillation of a new timber deck and larger rail posts in 1975, increase in curb height
in 1978, replacement of the south abutment in 1980, re-painting of the steel beams in
1986, instillation of bituminous pavement over the deck in 1987, piles replaced in 1997,
pavement replaced in 2000, and instillation of battered timber pile in 2003.

A larger rehabilitation project occurred in 2012, raising the profile of the bridge 1.6 feet,
and replacing the steel stringer span; timber deck; bridge rail; posts; curbing; bituminous
surface; and various piles, bents, and stringers in-kind. The new piles are a composite
material that replicates the original creosote soaked timber, which is now an
environmental hazard. This project also included a reconstruction of the south approach
(2010).

Bailey Island Bridge
The following sections describe the project area, history and significance, structural
features, and alterations and repairs to the original structure of Bailey Island Bridge of
Harpswell, Maine.
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Project Area
Bailey Island Bridge is located in Harpswell, Maine, a community of 5,239 people, as of
2000 (MaineDOT, 2003a). This bridge carries Route 24 southwest from Orr’s Island to
Bailey Island over Wills Strait, which connects to the Casco Bay. Route 24 is classified
as a major collector road that conveys an AADT of 1,990 (White, 2006) at a speed of 30
miles per hour. In 2003 nine percent of the traffic carried on this bridge consists of heavy
trucks (MaineDOT, 2003a).

The area surrounding the bridge is semi-rural and includes several residential and
commercial buildings. Some of the buildings are only used seasonally. In addition,
several personal docks line the coast near Bailey Island Bridge. Within the APE is a midto late-nineteenth century building that houses a business called the Salt Cod Café
(MaineDOT, N.D.). An aerial photograph of Bailey Island Bridge location is shown in
Figure 5.

Figure 5 – Aerial Photograph of Bailey Island Bridge (Google, 2013)
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History and Significance
The renowned engineer Llewelyn N. Edwards built Bailey Island Bridge in 1928. For
over 200 years, the inhabitants of Bailey Island had relied upon boats to travel between
Bailey Island and the mainland, but severe coastal storms during certain seasons of the
year often interfered with travel off the island. By the mid-1800s, some residents began to
request a bridge to connect Orr’s Island to Bailey Island (ASCE, 2014a), although many
were still content with their remote location. Eventually, in 1923, the Harpswell local
residents voted in favor of constructing the bridge. The project took two years to
complete, at a cost of $139,000 (2014a).

Edwards employed an ingenious design for the 2,505-foot span between the two islands.
It allows for the tide to ebb and flow across Will’s Gut without causing severe
deterioration of the bridge members. The crib-work employed in the design also serves to
reduce the tidal effect on boat traffic in the channel.

Bailey Island Bridge is the only bridge of its kind in the world. There is speculation as to
whether Edwards’ design was based on the design of a similar bridge in Scotland that
was later destroyed during World War II. No positive determination has ever been made.

Bailey Island Bridge has been recognized as a listed property on the National Register
and designated a National Historic Civil Engineering Landmark (ASCE). This bridge was
the first of six properties in Maine to be designated as a National Historic Civil
Engineering Landmark.
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Structural Features
Bailey Island Bridge is generally characterized as a crib-style bridge with a 52-foot long
concrete T-beam open span in the center for boat traffic. A picture of the bridge is shown
in Figure 6.

Figure 6 – Bailey Island Bridge Facing Southwest (Photographed by Elizabeth Reynolds)

Bailey Island Bridge consists of 175 spans across its 1,167-foot length (MaineDOT,
2003a). The structure’s design includes a horizontal curve as well as a vertical crest
curve. The profile and plan of Bailey Island Bridge is shown in Appendix C and D,
respectively. A four-foot sidewalk was added to the bridge in 1951 and guardrails were
added in 1961, as safety precautions (MaineDOT, 2012). The bridge dimensions are
displayed in Table 3.
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Table 3 – Dimensions of Bailey Island Bridge
Bridge Component

Dimension (ft)

Overall Length

1,167

Width (Curb to Curb)

18.0

Approach Travelway Width

18.0

Approach Roadway Shoulder Width (Left)

1.0

Approach Roadway Shoulder Width (Right)

1.0

Sidewalk Width (Left)

0.0

Sidewalk Width (Right)

4.0

Bailey Island Bridge was constructed with 10,000 tons of granite (Bennett, 2010) mined
from nearby quarries in Yarmouth and Pownal, Maine. The granite was cut into onesquare-foot-by-eight-foot-long cribs, which were laid in a cross-piled manner as shown in
the original bridge plans seen in Figure 7. No mortar or cement secured the crib
orientation, but pine wedges were placed between the stones to prevent them from
shifting. The result looks like a basket weave pattern.

Figure 7 – Horizontal Section of Bailey Island Bridge Plans (Maine Highway Commission, 1926)
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The granite is stacked in a way that allows the tides to flow freely through the structure.
Llewelyn N. Edwards notes in the design specifications on the original drawings,
“Placing of stones shall be so executed as to provide a structure having at least a thirty
percent (30%) void space through which the waters of Wills Strait may flow without
obstruction” (Maine Highway Commission, 1926). A photo of the bridge’s side elevation
demonstrates this principal (Figure 8). The orientation of granite also allows for air
circulation to dry the stone, which has contributed to its long lifespan. The granite is
dense enough to withstand wind forces, tidal forces, and ice floes.

Figure 8 – Side Elevation View of Bailey Island Bridge (Library of Congress, N.D.b)
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Alterations and Repairs to Original Structure
Restoration of Bailey Island Bridge was completed in 2010. This has been the only major
adjustment to the structure, other than the addition of the sidewalk in 1951 and steel
guardrails in 1961. During the two-year-long restoration project the T-beam center span
was replaced with concrete box beams, the deck was replaced, many of the granite slabs
were replaced or reset, and the guardrails were replaced with a steel-back wooden railing.
The granite used for this replacement process was obtained from the same outcropping
that furnished the original construction in order to maintain the same appearance, and
local significance. The railing replacement in 2010 also brought the structure closer to the
original form. The steel railing that had been added in 1961 altered the historic fabric of
the bridge. The return to the use of timber material adds to the historic integrity of the
structure (FHWA, 2007).

Deer Isle-Sedgwick Bridge
The following sections describe the project area, history and significance, structural
features, and alterations and repairs to the original structure of Deer Isle-Sedgwick
Bridge of Deer Isle, Maine.

Project Area
Deer Isle-Sedgwick Bridge is named after the two townships linked by the structure. Deer
Isle, Maine has a population of approximately 1,876 people as of 2000 (MaineDOT,
2003c). Route 15 travels across Eggemoggin Reach over the bridge in a southwest
direction, from the mainland to Little Deer Isle. The road is classified as a major collector
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road with an AADT of 3,470 (Lowell, 2005), 9% of which are trucks (MaineDOT,
2003c). An aerial photograph of the area surrounding the bridge is shown in Figure 9.

According to Archaeologist, Arthur Spiess, a prehistoric archaeological site is located in
close proximity to the north abutment of the bridge, but the work done on Deer IsleSedgwick Bridge was found to have no adverse effect on the site. This archaeological site
appears to be the only property in the Area of Potential Effect.

Figure 9 – Aerial Photograph of Deer Isle-Sedgwick Bridge (Google, 2014)

History and Significance
Designed by David B. Steinman, Deer Isle-Sedgwick Bridge was built in 1939, originally
as a toll road. Residents of Deer Isle had been requesting a bridge to their island since the
first decade of the twentieth-century, but a bridge did not become a possibility until the
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1930s, when there was enough political and economic support. The Public Works
Administration (PWA), a New Deal program implemented by President Franklin Delano
Roosevelt, provided much of the funding. The bridge made a significant difference in the
lives of the Deer Isle inhabitants, who had previously only had access to the mainland by
ferry or privately owned boats. The bridge allowed for the Deer Isle residents to attend
schools and patronize businesses on the mainland, rather than relying only on island
establishments. Deer Isle-Sedgwick Bridge also promoted summer tourism on the island.

The bridge engineer, David B. Steinman is considered to rank among the most notable
twentieth-century designers of suspension bridges. Steinman also designed WaldoHancock Suspension Bridge, which was built in 1931. This bridge was noted for
demonstrating some of Steinman’s earliest suspension bridge innovations, such as prestressed cables and Vierendeel truss towers. Unfortunately, the cables in Waldo-Hancock
Bridge were found to be deteriorated beyond repair, and the bridge was demolished in
2013. Penobscot Narrows Bridge was built in its place. Deer Isle-Sedgwick Bridge now
remains the only example of Steinman’s suspension bridge design in the State of Maine.

Deer Isle-Sedgwick Bridge is noteworthy for the inclusion of Steinman’s innovative prestressed cables and Vierendeel truss towers, but also for the use of shallow stiffening
girders, which were chosen for economic as well as aesthetic reasons. In the 1930s, there
was a trend in bridge building that encouraged the use of these shallow girders. Engineers
aimed to build each new bridge with a sleeker design than the last. This trend finally
came to an end when Tacoma Narrows Bridge of Washington State was torn apart by
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wind vibration. The shallow girders were discovered to cause aerodynamic instability.
Deer Isle-Sedgwick Bridge is remarkably similar in design to Tacoma Narrows Bridge,
and, like the lost bridge, also experiences vibrations in the truss. Adjustments have been
made to Deer Isle-Sedgwick Bridge to ensure that collapse does not occur. The additions
include diagonal stays, implemented in 1943, and wind fairings (structural elements used
to stabilize bridges from aerodynamic forces), added in 1994.

Despite continued vibration, Deer Isle-Sedgwick Bridge is considered one of the great
twentieth-century suspension bridges, known for its slim aesthetic design and picturesque
setting. Deer Isle-Sedgwick Bridge is eligible for the National Register.

Structural Features
Deer Isle-Sedgwick Bridge is a steel suspension bridge. A picture of the bridge is shown
in Figure 10. Steinman was challenged to build a bridge across a popular yachting area.
The 200-foot-wide channel required an 85-foot minimum under-clearance at mid-span.
The height of the bridge was achieved by using a steep approach grade and a short
vertical curve at the center of the bridge. A list of full bridge dimensions is shown in
Table 4. The bridge profile is included in Appendix E.

As mentioned earlier, shallow stiffening girders (6.5-feet deep) were used in construction,
which caused aerodynamic instability. As a result, the diagonal stays and wind fairings
were subsequently installed in order to control the wind effects on the bridge. Photos
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comparing the bridge during construction without the diagonal stays and with the
diagonal stays are shown in Figures 11 and 12.

Figure 10 – Deer Isle-Sedgwick Bridge Facing Northeast (Library of Congress, N.D.a)

Table 4 – Dimensions of Deer Isle-Sedgwick Bridge
Bridge Component

Dimension (ft)

Overall Length

2,505

Width (Curb to Curb)

20.0

Approach Travelway Width

20.0

Approach Roadway Shoulder Width (Left)

3.0

Approach Roadway Shoulder Width (Right) 3.0
Sidewalk Width (Left)

1.5

Sidewalk Width (Right)

1.5
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Figure 11 – Deer Isle-Sedgwick Bridge During Construction Without Diagonal Stays (MaineDOT,
1939)

Figure 12 – Current view of Deer Isle-Sedgwick Bridge Structure with Diagonal Stays
(Historicbridges.org, N.D.)
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Alterations and Repairs to Original Structure
As mentioned earlier, several adjustments were made to Deer Isle-Sedgwick Bridge to
correct aerodynamic instability. Adjustments included the addition of diagonal stays in
1943 and U-shaped wind fairings in 1994. Several rehabilitation projects have also taken
place on the bridge in addition to the alterations to improve structural stability. The
tollbooths were removed from the bridge in 1961. A number of these projects occurred
between 1982 and 1987 to replace tower bearings and the bridge deck, as well as to repair
the substructure of the bridge (MaineDOT, 1999). Further modifications were made
between 2006 and 2009, including another deck replacement, installation of guardrails at
either end of the bridge for safety, and re-painting. Work to the bridge is still on-going
and has been ever since construction was completed.

GEOMETRIC DESIGN GUIDELINES AS DEFINED BY THE AMERICAN
ASSOCIATION OF STATE HIGHWAY AND TRANSPORTATION
OFFICIALS (AASHTO)

AASHTO’s guidebook entitled A Policy on Geometric Design of Highways and Streets
(2011) outlines all of the geometric design guidelines for new bridges. The manual
delineates both the general and the specific requirements for urban and rural local,
collector, and arterial roads. Design guidelines dictate vertical and horizontal alignment
(such as maximum grade, Stopping Sight Distance (SSD), headlight stopping sight
distance, comfort criteria, general appearance, minimum radius, and appropriate
combinations of horizontal alignment and profile), as well as travel-way width, and
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inclusion and width of sidewalks. The following sections outline the standards for
vertical and horizontal alignment, roadway width and sidewalk width. General
appearance and passenger comfort is not considered in the study.

Vertical Alignment
The length of vertical curves is based on several criteria: maximum grade, SSD, and
headlight stopping sight distance. To most effectively design the vertical alignment, the
largest of all of these values must be taken as the vertical curve length. When these
factors are all considered, drivers and passengers are provided with a safe and
comfortable ride.

Four kinds of vertical curves exist. Diagrams of these vertical curves are shown in Figure
13. Type I and Type II curves are considered crest vertical curves and Type III and Type
IV are considered sag vertical curves.

Figure 13 – Types of Vertical Curves (Garber and Hoel, 2009)
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AASHTO (2011) observes, “Roads and streets should be designed to encourage uniform
operation throughout” (p. 3-113). The maximum allowable grade depends on roadway
design speed and terrain classification. The correlation varies, depending on roadway
classification. These guidelines are explained in more depth within the analysis of the
geometric design of the three bridge cases.

Stopping sight distance is a critical factor in the design of to AASHTO (2011), “For
safety on highways, the designer should provide sight distance of sufficient length that
drivers can control the operation of their vehicles to avoid striking an unexpected object
in the traveled way” (p. 3-1). AASHTO (2011) also remarks, “While research has shown
that vertical curves with limited sight distance do not necessarily experience safety
problems, it is recommended that all vertical curves should be designed to provide at
least the stopping sight distances shown in Table 3-1” (p. 3-149). Table 3-1 is included in
Appendix F. The stopping sight distance equations should also be used to find crest and
sag vertical curve lengths if the road has a grade included in the design. Equation 1
regulates the minimum SSD for roads on a grade. In the equation, AASHTO (2011)
generally assumes the variables t and a to be 2.5 seconds and 11.2 ft/s2, respectively.

This method was used to determine the SSD for each of the three bridges. The results are
discussed within the evaluation of each bridge.
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Equation 1 – Stopping Sight Distance:

S = 1.47Vt +

Where:

€

V2
a
30
+ /− G
32.2
S = Stopping Sight Distance (ft)
V = Design Speed (mph)
t = Brake Reaction Time (seconds)
a = Deceleration Rate (ft/s2)
G = Percent of Grade Divided by 100

The distance of vertical sag curves depends on headlight stopping sight distance. At night
there is much less visibility, which therefore necessitates the consideration of headlight
stopping sight distance. The required length of a vertical sag curve (L) is determined by
Equation 2 when the S < L and Equation 3 when the S > L. These equations are based on
the assumption of a headlight height of 2 feet and a 1-degree upward divergence of the
light from the longitudinal axis of the car. Both Equations 2 and 3 are displayed below.

Equation 2 – Sag Vertical Curve Length (S < L):
AS 2
L=
400 + 3.5S

Where:
€

L = Headlight SSD
A = Algebraic Difference in Grades (%)

Equation 3 – Sag Vertical Curve Length (S > L):

L = 2S −

€

400 − 3.5S
A
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To find the required length of vertical crest curves, two more equations are needed,
Equation 4 when S < L, and Equation 5 when S > L, as follows.
Equation 4 – Crest Vertical Curve Length (S < L):
L=

AS 2
2158

Equation 5 – Crest Vertical Curve Length (S > L):
€

L = 2S −

2158
A

€ Horizontal Alignment
Horizontal alignment is also an important factor in roadway design. A diagram of a
simple horizontal curve is shown in Figure 14.

Figure 13 – Layout of a Simple Horizontal Curve (Garber and Hoel, 2009)
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Horizontal alignment is only considered for Bailey Island Bridge and Sewall’s Bridge
due to the general linearity of Deer Isle-Sedgwick Bridge seen in plan view. Equation 6
gives the design parameters of horizontal curves in terms of minimum radius length. The
variable fmax is determined from Figure 3-6 (shown in Appendix F). Calculation of the
horizontal curve radius of Bailey Island Bridge is discussed in the bridge evaluation.

Equation 6 – Minimum Horizontal Radius of Curve:

Rmin

V2
=
15(0.01emax + f max )

Where:

€

Rmin = Minimum Radius of Curvature (ft)
emax = Maximum Superelevation (%)
fmax = Maximum Allowable Side Friction Factor.

Combinations of Vertical and Horizontal Alignment
Another critical design element for roadways relates to the combination of horizontal and
vertical curves. AASHTO (2011) asserts that, “it is extremely difficult and costly to
correct alignment deficiencies after a highway is constructed” (p. 3-164). Therefore
careful consideration must be made concerning the superposition of vertical and
horizontal alignment. A good design of the alignment “enhances vehicle control,
encourages uniform speed, and improves appearance, nearly always without additional
cost” (p. 3-164). The effectiveness of the combination of vertical and horizontal
alignment of Bailey Island Bridge and of Sewall’s Bridge is discussed within the
corresponding bridge evaluation sections.
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Roadway Width
The width of roadways helps determine the safety and comfort of drivers. Modern-day
requirements for lane widths range between 9 to 12 feet. Larger lane widths can reduce
the cost of maintenance on shoulders and on the pavement surface because wheel tracks
are not as concentrated in one area. Larger lanes also provide broader clearances for large
vehicles and trucks traveling in opposing lanes, which leads to a higher level of comfort
and safety. The standards for lane width vary depending on the setting of the road;
therefore the roadway width guidelines will be discussed for each bridge separately.

Sidewalks
Sidewalks are an important consideration concerning pedestrian safety. Sidewalks often
play a larger part in urban roadway planning rather than rural roadway planning because
of population concentrations. According to AASHTO (2011), “when suburban residential
areas are developed, initial roadway facilities are needed for the community to function,
but the construction of sidewalks is sometimes deferred” (p. 4-56). Sidewalk widths vary
from four to eight feet and with few exceptions should be designed for at least one side of
the street, even if pedestrian traffic is light. A buffer between the road and sidewalk must
also be considered. Usually two feet is left for maintenance of roadway facilities (p. 456). AASHTO (2011) also states, “As a general practice, sidewalks should be constructed
along any street or highway not provided with shoulders, even though pedestrian traffic
may be light” (p. 4-56).
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APPLICATION OF GEOMETRIC DESIGN GUIDELINES TO HISTORIC
BRIDGES

The geometric design guidelines outlined by AASHTO (2011), apply directly to the
design and implementation of new highways, streets, and bridges, but as mentioned
previously, historic bridges were constructed without these–or any–policies. It is not
feasible to update every historic bridge exactly to the current design specifications, due to
cost and time limitations; therefore the bridge engineers at MaineDOT must decide which
projects are within reason. According to AASHTO (2011), these decisions are made on
the basis of “The condition of the structure, clear width provided, traffic volume,
remaining life of the structure, pedestrian volume, snow storage, design speed, crash
history, and other pertinent factors” (p. 5-7). AASHTO (2011) goes on to explain, “Due
to the high cost of replacing structures, reasonably adequate bridges and culverts that
meet acceptable criteria may be retained” (p. 6-8).

Evaluation of Bridges based on Transportation Guidelines
The pertinent design guidelines for roadway width, and inclusion and width of sidewalks,
as well as vertical and horizontal alignment (such as maximum grade, Stopping Sight
Distance (SSD), headlight stopping sight distance, minimum horizontal curve radius, and
appropriate combinations of horizontal alignment and vertical alignment), is outlined for
each of the three studied bridges. The design of Sewall’s Bridge, Bailey Island Bridge,
and Deer Isle-Sedgwick Bridge is evaluated with regard to the current geometric design
guidelines.
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Sewall’s Bridge
For the following evaluation it is assumed (based on site evaluation) that Sewall’s Bridge
is in a rural area with a rolling terrain. The bridge carries a local road with an AADT of
2,450, and speed limit of 25 miles per hour. The guideline and existing geometric design
values (which will be discussed next) for Sewall’s Bridge are shown in Table 5.

The maximum allowable grade for Organug Road is determined based on the road
characterization and speed. Table 5-2 in AASHTO (2011), shown in Appendix F governs
the maximum grade for local rural roads based on the design speed and type of terrain.
The maximum allowable grade is 11% in this case. The maximum grade of the bridge is
shown in the plans to be 1.9% and the grade of the approaches were calculated based on
the bridge plans as 3.6% on the southern approach and 4.1% on the northern approach.
All of these grades fall within the allowable limit.

From Equation 1, stopping sight distance is found to be 159.7 feet from the southerly
driving direction, and 158.7 feet from the northerly driving direction. Both vertical curves
are sag curves, so Equations 2 and 3 were used. In this case, both calculated L values
(vertical sag curve lengths) are smaller than the S values (stopping sight distances), so
Equation 4 is the guiding equation for this case.

No vertical curve length is needed on the south approach because the calculated value is
below zero, but from the north approach the required vertical curve length is 155.1 feet.
The bridge drawings specify that the vertical curve length is 30 feet on the south
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approach and 90 feet on the north approach. It can be concluded that the vertical curve
length is satisfied on the south approach, but not the north approach.

There are four horizontal curves denoted on the plans (Appendix B) as Curve #1, Curve
#2, Curve #3, and Curve #4. Curve #2 lies on the south approach, and the rest on the
north approach. Using Equation 6, the desired radius for these curves is 185.2 feet,
assuming no superelevation (the inclination of the roadway toward the center of the
curve) and a side friction factor of 0.225 from Figure 3-6 (Appendix F). The plans note
that Curve #1, #2, #3, and #4 have a radius of 250 feet, 600 feet, 200 feet, and 140 feet,
respectively. Therefore all of the curves except Curve #4 meet the criteria outlined by
AASHTO (2011). The radius of Curve #4 is 140 feet, which is not far from the 185.2 feet
required.

From inspection of the alignment and profile relationship (shown in Appendix G), the
combination of horizontal and vertical alignment seems adequate based on the guidelines
specified by AASHTO (2011). The most pronounced horizontal curves occur on the
north approach of the bridge in conjunction with a constant incline. This alignment
provides adequate sight distance.

AASHTO (2011) states that existing bridges with a total length less than 100 feet should
be guided by Table 5-5 (p. 5-6) for local roads, but longer bridges should be analyzed
based on the current condition of the bridge, the existing clear width, crash history, traffic
volumes, design speed, and other pertinent factors. Because Sewall’s Bridge is longer
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than 100 feet, engineering judgment must be made to determine the appropriate width.
MaineDOT (2003b) specifies that Sewall’s Bridge should have a width of 24 feet. The
current width, curb-to-curb, is 22.3 feet. This width does not meet the required standards.

From AASHTO (2011), it has been determined that there ought to be at least one
sidewalk on any road, and that sidewalks can vary from four to eight feet in width. There
are no sidewalks on Sewall’s Bridge; therefore the bridge is not currently meeting the
guidelines for sidewalk width.

All of the geometric design calculations for Sewall’s Bridge are included in Appendix H.

A summary of all of the current geometric standard values compared with the current
design values is shown in Table 5. The grade and sag and crest vertical curve lengths
differ on the northern and southern approaches because the approaches are not
symmetric. These differentiations based on location are noted in the table as (S, N). The
sidewalks line the east and west side of the bridge and are labeled accordingly as (E, W).
Additionally, the horizontal curves are labeled as 1, 2, 3, and 4, as specified in the plan
(Appendix B).
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Table 5 – Sewall’s Bridge: Existing Geometric Design Values vs. Modern AASHTO
(2011) Standard Values
Geometric Design
Criteria

Guideline

Existing

Adequate?

Maximum Grade
(S, N)

< 11%

3.6%, 4.1%

Yes

Sag Curve Length
(S, N)

0 ft, 155.1 ft

30 ft, 90 ft

Yes, No

N/A

N/A

Yes

Minimum Radius
(1, 2, 3, 4)

185.2 ft

250 ft, 600 ft,
200 ft, 140 ft

Yes, Yes, Yes, No

Roadway Width

24 ft

22.3 ft

No

Sidewalk Inclusion

1 or 2

0

No

Width of Sidewalk

4 ft

N/A

No

Crest Curve
Length (S, N)

As denoted in Table 5, the vertical alignment is not adequate from the northern approach.
In order to improve the sight distances to the required level, a major reconstruction of the
approaches would have to occur. In general, alterations to the road profile are costly;
therefore reconstruction should be considered on the basis of crash and safety data.
Additionally, changes to the appearance of historically significant bridges are generally
considered to have a adverse effect on the historic fabric of the bridge and its surrounding
area. According to MaineDOT (2007), the engineers at MaineDOT use judgment to
assess a road’s ability to “achieve adequate level of service, geometry, capacity,
condition, and long-term maintenance impacting the feasibility of preservation and
rehabilitation” (p. A-39). AASHTO (2011) states, “Reasonably adequate bridges and
culverts that meet tolerable criteria may be retained,” (p. 6-8) due to their high cost.

46

Therefore redesign decisions are left up to the bridge engineers (with state historic
council approval) to determine what is considered “reasonably adequate.”

The roadway width does not currently fall within the required criterion, but Sewall’s
Bridge, at 22.3 feet, is close to the required width of 24 feet. Although the bridge width
does not quite meet the standard outlined by MaineDOT, AASHTO (2011) notes that, in
general, lanes of local urban streets used for moving traffic should be at least 10 feet wide
and 11 feet where practical (p. 5-13). Within this specification, Sewall’s Bridge is
considered adequate in terms of street design, and it is close to the required width for
bridge design.

As noted, Sewall’s Bridge does not include sidewalks. A four-foot sidewalk on one or
both sides of the road is recommended, including either a raised profile or some sort of
barrier between the walkway and the road. In order to determine whether the area
necessitates the inclusion of a more substantial sidewalk, an evaluation of public opinion
and pedestrian traffic should be conducted. If a sidewalk were to be included, the bridge
would have to incorporate a cantilevered deck portion. A structural evaluation of the
expected bridge loads would have to be performed in order to consider the feasibility of
this option. Cantilevered decks are not a preferred solution on historic bridges because of
the alteration to the historic profile. This idea was brought up during a town meeting held
by the MaineDOT. The Department stated that the plan is to keep the design as close as
possible to the original design. Adding a sidewalk that was not historically present would
have been considered an “adverse effect” and the Maine Historic Preservation
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Commission prompted MaineDOT to leave the bridge without a sidewalk, as it had been
historically. Another option would be to construct a separate walking bridge parallel to
the existing bridge if the amount of foot traffic warranted the expense.

The 1934 reconstruction of the bridge was said to have sufficiently strengthened the
bridge while also widening it, but several of the geometric design inadequacies have not
been accounted for, including vertical curve length, minimum radius, roadway width, and
sidewalk inclusion. To bring these aspects of design up to code, another costly
reconstruction of the vertical alignment of the bridge approach and of the bridge
substructure would have to take place in addition to the reconstruction that took place in
2012. A further safety evaluation could be done to determine the affect of these
deficiencies in design, but according to MaineDOT (2003b) there were no accidents on
Sewall’s Bridge between 1999 and 2001.

The only geometric standard that is in complete compliance on Sewall’s Bridge is the
maximum allowable grade.

Bailey Island Bridge
For the following evaluation we will assume (based on site evaluation) that Bailey Island
Bridge is in a rural area with a rolling terrain. The AADT is known to be 1,990, as
previously mentioned. The bridge carries Route 24, which is considered a major collector
road, at 30 miles per hour. The guideline and existing geometric design values (which
will be discussed next) for Bailey Island Bridge are shown in Table 6.
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Knowing the speed and road characteristics, one can determine the maximum allowable
grade. Table 6-2 (Appendix F) governs the maximum design grade for rural collector
roads based on the design speed and type of terrain. In this case the maximum allowable
grade is 9%. The northern and southern grades leading to the open T-span were both
calculated from the plans; they are approximately 5.1% and 5.2%, respectively. The
northern approach experiences a grade of 6.8%. All three grades fall within the allowable
limit.

The stopping sight distance south of the center span, north of the center span, and on the
north approach is calculated from Equation 1 to be 211.7 feet, 211.3 ft, and 217.3 feet,
respectively. These values are then used in the sag vertical curve equations (Equations 2
and 3) to find the vertical curve length believed adequate to accommodate the stopping
sight distance of the bridge. Equation 3 is the guiding equation for the curve lengths on
either side of the center span, because the L value exceeds the S value. Equation 2 is the
guiding equation for the north approach because the S value exceeds the L value. The
minimum vertical curve length south of the center span, north of the center span, and on
the north approach is calculated to be 204.8 feet, 199.1 feet, and 259.7 feet, respectively.
The actual lengths of the sag curves on the bridge are denoted as 100 feet in all three
areas. None of these curve lengths are adequate according to modern standards.

The crest vertical curve lengths on either side of the center span are determined, using
Equation 5 as the guiding equation because S exceeds L. The outcome of Equation 5
south of the center span is 9.9 feet and north of the center span is -0.6 feet. There is not a
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required vertical curve length north of the center span due to the fact that the calculated
value is below zero. The drawings specify that both of the crest vertical curves, north and
south of the span, are 50 feet long. This guideline for crest vertical curves is met on
Bailey Island Bridge.

The horizontal curve length is calculated using Equation 6. The fmax value is assumed to
be 0.2, using Figure 3-6 (shown in Appendix F) for a design speed of 30 miles per hour.
It is also assumed that there is no superelevation. The equation gives a value of 300 ft.
The curves at stations 13 + 99, 18 + 72, and 19 + 58 are evaluated. The first station is on
the south approach and the other two, on the north approach. In this study, the horizontal
curve on the south approach is denoted as S and the curves at stations 18 + 72 and 19 +
58 are denoted as N1 and N2, respectively. The actual length of the horizontal radius on
the southern approach is 350 feet and the actual length of the horizontal radius at N1 and
N2 are 360 feet and 300 feet, respectively. All three horizontal curves meet the AASHTO
(2011) standards.

AASHTO (2011) states that existing bridges with a total length less than 100 feet should
be guided by Table 6-5 (p. 6-6) for collector roads, but longer bridges should be analyzed
based on the current condition of the bridge, the existing clear width, crash history, traffic
volumes, design speed, and other pertinent factors. Because Bailey Island Bridge is
longer than 100 feet, engineering judgment must be made to determine the appropriate
width. MaineDOT (2003a) specifies that Bailey Island Bridge should have a width of 28
feet. The current width, curb-to-curb, is 18 feet, far below the current standard minimum

50

roadway width. MaineDOT held a public meeting for the townspeople of Harpswell in
2006, before rehabilitation of the bridge in 2008. During the meeting, several concerns
were raised about the narrow bridge width (Wight, 2006)). At the public meeting Jim
Wentworth, Project Manager at the MaineDOT, took a poll of the audience to gage the
public interest in widening the bridge: approximately half of the 34 people in attendance
were in favor and half were not. He noted that an evaluation of the safety of the bridge
was conducted, and from that evaluation MaineDOT concluded that widening the bridge
was not absolutely necessary in regards to safety. There were six accidents reported at the
site between 1995 and 2003, which does not qualify Bailey Island Bridge as a high
accident location. Additionally, Wentworth explained Maine Historic Preservation
Commission’s adamant interest in maintaining the bridge width to retain the design of the
original structure, and MaineDOT’s intension to do so.

Sidewalks are always encouraged for improved pedestrian safety, and if included, should
be four to eight feet wide. In 1951, a cantilevered sidewalk was added to the bridge, and a
guardrail was built in 1961, separating the sidewalk from the roadway. The sidewalk is
four feet wide. These innovations on the bridge allow for additional safety of residents
and visitors to Harpswell, who enjoy the beautiful views of the surrounding area from the
bridge.

Bailey Island Bridge includes both vertical and horizontal curves; therefore the
combination of alignments must be assessed. The profile and plan of the bridge is
included in Appendix I. The horizontal curves are fairly gentle and occur in conjunction
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with a flat vertical alignment on the northern approach and in conjunction with the peak
of the vertical curve at the t-span opening. From inspection, the combination of alignment
seems fairly adequate according to the guidelines in AASHTO (2011) beginning on p. 3165.

All of the geometric design calculations for Bailey Island Bridge are included in
Appendix J.

A summary of all of the current geometric standard values compared with the current
design values is shown in Table 6. The grade and sag and crest vertical curve lengths
differ north and south of the center span and on the north approach because the
approaches are not fully symmetric. These differentiations in values based on location are
noted in the table as (S, N1, N2) where S is the section of the road just south of the center
span, N1 is the section just north of the center span, and N2 is the inclined section on the
northern approach (shown in the drawings in Appendix C).
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Table 6 – Bailey Island Bridge: Existing Geometric Design Values vs. Modern
AASHTO (2011) Standard Values
Geometric Design
Criteria

Guideline

Existing

Adequate?

Maximum Grade
(S, N)

< 9%

5.2%, 5.1%,
6.8%

Yes

100 ft, 100 ft,
100 ft

No

9.9 ft, 0 ft

50 ft

Yes

Minimum Radius
(1, 2, 3, 4)

300 ft

350 ft, 360 ft,
300 ft

Yes

Roadway Width

28 ft

18 ft

No

Sidewalk
Inclusion

1 or 2

1

Yes

Width of
Sidewalk

4 ft

4 ft

Yes

Sag Curve Length 204.8 ft, 199.1 ft,
(S, N)
259.7 ft
Crest Curve
Length (S, N)

Bailey Island Bridge meets several of the geometric design criteria including maximum
grade, crest curve length, minimum horizontal curve radius, and inclusion of a four-foot
wide sidewalk. The length of the sag vertical curves on either side of the center t-beam
span and on the north approach are not of adequate length, and the roadway width is
significantly below the desired roadway width of 28 feet.

The vertical sag curves are all less than half of the desired length of 204.8 feet, 199.1
feet, and 259.7 feet (S, N1, N2). Changes in vertical and horizontal alignment are very
costly and general result in an “adverse effect” on historic bridges. As mentioned
previously, the bridge is not considered a high accident area, so considering the cost and

53

negative impact on the historic value of the structure this improvement is not likely of
high priority.

One of the most significant deficiencies in the geometric design of Bailey Island Bridge
is the roadway width. The current width of 18 feet is 10 feet short of the current roadway
width guideline for Bailey Island Bridge. As mentioned, during the public town meeting
conducted by MaineDOT, many local townspeople noted a desire to increase the bridge
width. Others noted the difficulties facing large trucks and utility vehicles when they
encounter oncoming cars while crossing the bridge. Another concern noted in the public
meeting related to scraping tires on the curb and mirrors on the guardrails. MaineDOT
(2003a) notes that two accidents occurred on Bailey Island Bridge between 1999 and
2001, both of which were partially attributed to bridge geometry. The bridge was already
cantilevered for the inclusion of the sidewalk on the eastern side. Additional widening of
the bridge would require even more of the bridge width to be cantilevered. The Maine
Historic Preservation Commission is opposed to this additional overhang, and the safety
of the bridge was evaluated by MaineDOT and determined to be adequate in terms of
roadway width.

Deer Isle-Sedgwick Bridge
For the following evaluation we will assume (based on site evaluation) that Deer IsleSedgwick Bridge is in a rural area with a rolling terrain. This section of Route 15 has an
AADT of 3,470 and a speed limit of 25 miles per hour, as mentioned. The guideline and

54

existing geometric design values (which will be discussed next) for Deer Isle-Sedgwick
Bridge are shown in Table 7.

The maximum allowable grade may be determined knowing that the road classification
and speed of Route 15. The grade for rural collector roads is also governed by Table 6-2,
shown in Appendix F. The maximum allowable grade for this road is 10%. The Deer
Isle-Sedgwick Bridge plans denote a 6.5% grade, which falls within the allowable limit.

The stopping sight distance for Deer Isle-Sedgwick Bridge, calculated from Equation 1,
is a maximum of 165.5 feet on the downgrade. This value is used to find the ideal crest
vertical curve length. The sag vertical curves are not considered in this evaluation due to
a uniform approach transition. Equation 5 became the guiding equation for the crest
vertical curve because the S value exceeds the L value. The vertical curve length should
be 165.0 feet according to Equation 5. The bridge drawings specify that the actual
vertical curve length is 400 feet. This specification has been met and exceeded.

The horizontal alignment is not evaluated for Deer Isle-Sedgwick Bridge because the
bridge has a linear orientation and the approaches are well incorporated with consistent
alignment as well.

AASHTO (2011) states that existing bridges with a total length less than 100 feet should
be guided by Table 6-5 (p. 6-6) for collector roads, but longer bridges should be analyzed
based on the current condition of the bridge, the existing clear width, crash history, traffic
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volumes, design speed, and other pertinent factors. Because Deer Isle-Sedgwick Bridge is
longer than 100 feet, engineering judgment must be made to determine the appropriate
width. MaineDOT (2003c) specifies that Deer Isle-Sedgwick Bridge have a width of 28
feet. The current width, curb-to-curb, is 20 feet, far below the current standard minimum
roadway width. The specification has not been met.

Like the previous bridges, Deer Isle-Sedgwick Bridge is recommended to have at least
one sidewalk with a width of four feet on each side of the roadway. The bridge has two
sidewalks, 1.5 feet each. The sidewalk is a raised grate that is not separated from the
roadway by any form of vertical barrier.

All of the geometric design calculations for Deer Isle-Sedgwick Bridge are included in
Appendix K, and a summary of all of the current geometric standard values compared
with the current design values is shown in Table 7.
Table 7 – Deer Isle-Sedgwick Bridge: Existing Geometric Design Values vs. Modern
AASHTO (2011) Standard Values
Geometric Design Criteria

Guideline

Existing

Adequate?

Maximum Grade (S, N)

< 10%

6.5%

Yes

Sag Curve Length (S, N)

N/A

N/A

Yes

165 ft

400 ft

Yes

Minimum Radius

N/A

N/A

Yes

Roadway Width

32 ft

20 ft

No

Sidewalk Inclusion

1 or 2

1

Yes

4 ft

1.5 ft, 1.5 ft

No

Crest Curve Length (S, N)

Width of Sidewalk (E, W)
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Deer Isle-Sedgwick Bridge meets many of the geometric design criteria, such as
maximum grade, vertical curve length, horizontal alignment, and sidewalk inclusion, but
the roadway width and sidewalk width criteria are not meet.

The roadway width is significantly less than the width specified by AASHTO (2011).
Widening the bridge would be an expensive project that would limit the only access point
to Deer Isle. Additionally, significantly altering historic structures generally results in an
adverse effect to the project area because of the replacement and alteration of original
features. In order to determine whether widening the bridge is prudent and cost-effective,
an analysis of bridge safety should be done and the Maine Historic Preservation
Commission should be consulted. Public opinion of driver safety and comfort should be
taken into consideration by polling the local community to determine if widening is
necessary. According to MaineDOT (2003c), Deer Isle-Sedgwick Bridge did not have
any accidents attributed to bridge geometry between 1999 and 2001.

As mentioned, the bridge includes two 1.5-foot wide sidewalks, but the bridge does not
feel conducive for pedestrian traffic because of the narrow roadway, narrow sidewalk
width, and lack of a vertical barrier between the sidewalk and roadway. A further
investigation of pedestrian traffic in the area should be done to determine the need for a
sidewalk, but an inspection of the site revealed that few pedestrians use the bridge; due to
the rural nature of the location. Vehicular travel is a much more practical and frequent
option than bicycling or walking. In order to improve the width of the sidewalks, an
expensive remodel of the bridge would have to be done, or a separate walking bridge
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could be constructed if foot traffic warranted the expense. A study should be done to
determine whether this rehabilitation would be economical and whether a useable
sidewalk would improve tourism or the quality of life and recreation for local residents.

Deer Isle-Sedgwick Bridge meets many of the modern geometric design standards, but is
substandard in regard to roadway width and sidewalk width. In order to remedy these
discrepancies, the bridge would require a costly reconstruction. This remodel could result
in an adverse effect to the historic bridge material and site as well as the historic integrity
of the landmark. In order to determine the need for a bridge expansion, a safety
evaluation should be done to collect local opinion about safety and comfort of travelers,
and potential impact on the local economy. The Maine Department of Transportation and
Maine Historic Preservation Commission should ensure that modifications do not
significantly impact the historic value of the structure.

Summary of Findings
The compliance of the three studied bridges to the geometric standards outlined by
AASHTO (2011) is summarized in Table 8. The table is based on full compliance with
the standards outlined by AASHTO (2011). If the standard was not meet on every portion
of the bridge, that category is marked with a “no” on Table 8. For example, Sewall’s
Bridge includes two sag vertical curves. One of the curves exceeds the required length
and the other does not meet the required length. Because the category is not meet on
every sag curve, it is marked as not meeting that category fully in Table 8.
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Table 8 – Bridge Compliance with Modern AASHTO (2011) Standards for
Geometric Design
Geometric Design
Criteria

Sewall’s

Bailey
Island

Deer IsleSedgwick

Maximum Grade

Yes

Yes

Yes

Sag Curve Length

No

No

Yes

Crest Curve Length

Yes

Yes

Yes

Minimum Radius

No

Yes

Yes

Roadway Width

No

No

No

Sidewalk Inclusion

No

Yes

Yes

Width of Sidewalk

No

Yes

No

All three bridges are compliant with the AASHTO (2011) guidelines for maximum grade
and crest vertical curve length. Conversely, none of the bridges meet the current design
standards for bridge width. The compliance of the bridges with the other geometric
design standards is partial. Only one of the three bridges meets the guideline for the
length of sag vertical curves and sidewalk width; two bridges meet the guideline for
minimum horizontal curve radius; and two of the bridges meet the guideline for the
inclusion of sidewalks.

All three bridges have a roadway width significantly less than that of the respective
guideline set by MaineDOT. The evaluations done for each bridge indicate the need for
safety studies on the hazards presented by narrow bridge width to determine whether
widening should be considered. Local opinion on safety and comfort should also be taken
into account, as well as potential adverse effects to the historic relevance of the structure.
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Should a reconstruction of the vertical alignment for Sewall’s Bridge and Bailey Island
Bridge be considered, since neither conforms to the sag vertical curve lengths requested
by AASHTO (2011)?

Reconstruction of alignment is costly and generally results in an adverse effect on
historic structures. Again, an evaluation of safety in these two areas would determine the
cost-effectiveness of this option. As with all historic properties, the Maine Department of
Transportation should determine if suggested alterations and renovations would adversely
affect the historical significance of the bridges and surrounding sites. The Maine Historic
Preservation Commission should be consulted on any adverse effects.

Should sidewalk widths on Sewall’s Bridge and Deer Isle-Sedgwick Bridge be increased?

Sewall’s Bridge does not have sidewalks, but Deer Isle-Sedgwick Bridge has narrow
sidewalks, 1.5-foot-wide. The sidewalks on Deer Isle-Sedgwick Bridge do not have
sufficient differentiation between the narrow bridge roadway and the sidewalk. Data
should be compiled on pedestrian accidents on the bridges, pedestrian flow volume,
number of accidents, public opinion, and potential impact on tourism in order to make an
informed decision about whether or not to increase sidewalk widths. The effects of these
actions on the historic value of the bridges would have to be taken in account, and the
plans approved by the Maine Historic Preservation Commission. To date, MaineDOT has
not advised an increase in the width of these sidewalks because the changes would
adversely affect the historic property.
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Another option for these two bridges would be to keep the current bridge open for
pedestrians and bicyclists and build a new bridge for vehicular use. This option would
only be feasible if there is a great demand for pedestrian walkways, which would be
determined from the studies mentioned above. Building a new bridge would be very
costly and time-consuming. Additionally, if the historic bridge were not to be used for
vehicular travel, the bridge would no longer be owned for maintained by MaineDOT but
would fall under the surrounding town’s jurisdiction. This means that the town would
perform any future upkeep. Many towns, however, are often not able to acquire enough
public support and funds to maintain historic bridges and they end up falling into
disrepair.

In respect to the horizontal alignment, Bailey Island Bridge is the only of the three
bridges that does not meet the current geometric standards, but the radius is close enough
to the desired value that the safety of passengers on the bridge is not likely to be affected.

Sewall’s Bridge and Bailey Island Bridge both include a combination of vertical and
horizontal alignment that must be considered. There are no specific formulas to
determine the effectiveness of this alignment, but based on an evaluation of the plan and
profile of the bridges with respect to the AASHTO (2011) guidelines, the alignment
configurations on Sewall’s Bridge and Bailey Island Bridge appear to be relatively
adequate.

How will ever-changing traffic demands affect these three bridges?
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Little alteration work has been done to these three bridges throughout the years to
improve the geometric design, but improvements ought to be considered as traffic
demands increase and change. Cost, safety, comfort, time restraints, and potential damage
to historical integrity all factor into the decision to make such design alterations. Safety,
comfort, and the affect on historic significance should factor into any discussion related
to remedying geometric design problems. Cost and time restraints generally determine
bridge rehabilitation project timelines and the method by which the Maine Department of
Transportation determines feasibility.

The geometric design evaluation of the three bridges offers a better understanding of the
geometric design in historic bridges nationally. Two major design deficiencies became
apparent through this study: bridge width and inclusion of sidewalks.

The fact that all three historic bridge widths are significantly below the width specified
by MaineDOT suggests a trend in historic bridge structures. Currently there is no national
inventory of structures that are not meeting geometric design standards, such as bridge
width. A policy should be implemented to determine the effect that these narrow widths
have on passenger safety—but the policy should have the flexibility to adapt to individual
and unique circumstances, bridge by bridge.

This study points out another deficiency of historic bridges: the inability to implement
useable sidewalks. Sidewalks were excluded in all three of the original bridge designs,
but a cantilevered sidewalk was later added to Bailey Island Bridge. This consideration
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should be investigated nationally as well, and a policy established by experts
knowledgeable in traffic control, safety, transportation, and historic preservation.

Pedestrian access was not always a consideration in bridge design. A movement begun in
2003, called “Complete Streets,” has increased awareness of the need to integrate safety
features for vehicles, bicycles and pedestrians into all roadway planning projects (Smart
Growth America, 2014), but these accommodations have not always been implemented.
Areas with high pedestrian traffic levels might want to consider constructing separate
pedestrian bridges running parallel to the historic vehicular structures; this has been done
frequently and effectively in cities such as Detroit, Baltimore, and St. Louis. In some
cases, sidewalks can be added to existing structures, but this process generally has an
adverse effect on historic structures, so the impact on a bridge’s historic significance
should be carefully considered. MaineDOT generally prefers to keep historic structures as
close to the original design as possible; therefore sidewalks are not usually added.

Although the State of Maine has implemented a successful Historic Bridge Management
Plan, management plans should be mandated nationally, and used to assess bridges—but
on a case-by-case basis. This was the first of ten recommendations made at the Workshop
on the Preservation and Management of Historic Bridges in December of 2003. These
findings were later published in ASCE’s Journal of Professional Issues in Engineering
Education and Practice in 2005 (DeLony & Klein). These management plans, like the
Historic Bridge Management Plans instituted by MaineDOT, should:
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•

Outline appropriate treatments for historic bridge types and materials,

•

Establish a protocol for establishing level of significance (average, high,
exceptional),

•

Establish a protocol for determining when bridges have preservation potential and
when they do not, and

•

Offer bridge-specific plans that balance historic and environmental considerations
with the ability of the bridge to provide safe transportation for foot traffic, bicycle
traffic, and vehicular traffic. These plans should also address ways to meet current
design criteria.

CONCLUSIONS AND RECOMMENDATIONS

Bridges represent cultural, economic and social development throughout history.
Preserving historic bridges helps commemorate the evolution of engineering knowledge,
expertise, and practice. Historic preservation also has important aesthetic considerations.
The fate of some of our historic bridges may be in jeopardy due to ever-increasing loads
and vehicle widths that exceed the allowable limits for those bridges. Therefore, careful
consideration should be given to the preservation of historic bridges in terms of
geometric design standards. Maine in particular has many remarkable examples of
structurally and historically significant bridges that are in need of preservation. This
discourse serves as an evaluation of compliance of several historic bridges to modern
geometric design standards and suggests recommendations for the future, in order to
maintain safety, comfort, and historical significance.
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Critical Importance of Preservation in Maine
The State of Maine is composed of a mainland and close to 3,000 islands in the Atlantic
Ocean. Maine’s rivers, lakes, marshes, and islands have warranted a vast number of
bridges along the eastern coastline of the Pine Tree State. The history of Maine’s bridges
reflects the technological and social development of the state over the course of its
history.

Ideas, goods, and people have been able to spread most efficiently when bridges appeared
along the coast, as well as inland. Bridges allowed access to inland and water-bound
areas, but also promoted increased business, commerce, and tourism in the state’s remote
and beautiful locations along the Atlantic. One-hundred-and-fifty of Maine’s bridges are
currently listed on or eligible for the National Register of Historic Places, many of them
in a state of disrepair. The safety of these bridges, as well as their preservation, may be in
question, thanks to engineering advances, increasing population and traffic, as well as
changing design criteria. Chief among the changing design criteria is the new geometric
design criteria. The functionality and significance of historic Maine bridges must be
evaluated to determine whether individual bridges designs are adequate for the vehicles
and loads of today.

Compliance of Historic Bridges with Modern Geometric Design Criteria
Civil engineering techniques, knowledge, and expertise have grown significantly since
the construction of the first Maine bridges in the seventeenth-century. As transportation
needs burgeoned, technology changed over time—dramatically. Since the invention of
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motorized vehicles, the width, weight, and volume of traffic have increased, requiring
more stringent structural and geometric considerations and implementation. As a result,
many historic bridges do not meet the modern geometric design requirements specified
by AASHTO (2011).

Historic bridges should be evaluated on an individual basis according to the codes
outlined by AASHTO (2011). The affect on passenger safety must be assessed and
determined. Engineers should design an action plan for improvement for each bridge that
does not comply with current specifications, or, when improvements are unnecessary for
four reasons: (1) the bridge is in compliance, (2) safety would not be improved, (3) the
historic value would be compromised, (4) cost-effectiveness, or a combination of the last
three factors. Within the State of Maine, this information is compiled and determined by
the Maine Department of Transportation within the Historic Bridge Management Plans.

Summary of Geometric Design Recommendations
An evaluation of the geometric design of three unique historic coastal Maine bridges was
completed in the course of this thesis: Sewall’s Bridge of York, Bailey Island Bridge of
Harpswell, and Deer Isle-Sedgwick Bridge of Deer Isle. The adequacy of their geometric
design was determined based on compliance with AASHTO (2011). Drawings of each
bridge were used to obtain the geometric design values; these values were compared
against the modern guidelines outlined by AASHTO (2011). The geometric design
factors that were evaluated in this study include: maximum grade, vertical curve length,
minimum horizontal curve radius, combination of vertical and horizontal alignment,
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roadway width, and sidewalk width. Based on these evaluations, recommendations were
made for each of the three bridges.

All three bridges are compliant with the AASHTO (2011) guidelines for maximum grade
and crest vertical curve length. Conversely, none of the bridges meet the current design
standards for bridge width. The compliance of the bridges with the other geometric
design standards is partial. Only one of the three bridges meets the guideline for the
length of sag vertical curves and sidewalk width; two bridges meet the guideline for
minimum horizontal curve radius; and two of the bridges meet the guideline for the
inclusion of sidewalks.

Based on the evaluation of these geometric design deficiencies, several recommendations
should be considered:

•

A national survey ought to be conducted to compare the current geometric design
values on historic bridges with the recommended values according to modern
standards defined by AASHTO (2011). Bridge width and sidewalk inclusion
should be evaluated closely to determine the breadth of these specific design
deficiencies.

•

Public surveys ought to be conducted in areas where historic bridges have a
narrow width or no sidewalks, to determine pedestrian, driver, and passenger
comfort on that bridge.
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•

A study should be conducted to identify safety hazards presented by narrow
bridge widths.

•

Surveys ought to be conducted for historic bridges without sidewalks to collect
data about pedestrian traffic volume, number of pedestrian accidents, potential
impact on tourism, and public opinion.

•

If safety or public opinion in aforementioned surveys and studies indicated public
support for bridge widening or a sidewalk addition, the department supervising
that bridge should consider these bridge alterations while balancing budget, time,
and effects on the historic structure within a detailed management plan, modeled
after the Historic Bridge Management Plans utilized by the Maine Department of
Transportation. The department in charge of this process needs to evaluate the
effects on historic properties and confirm the finding of effects with historic
stakeholders such as the Sate Historic Preservation Office (SHPO). The
department should also consider the construction of pedestrian bridges nearby,
which would preserve the historical integrity of the structure, while offering safe
and easy access for pedestrians and bicyclists.

This practice will ensure that essential historic bridges are usable for both vehicles and
pedestrians, while maintaining their historic value.

The State of Maine is renowned for its beautiful coastline, which draws millions of
tourists and new residents to the State of Maine every year. The state, itself, offers a
unique aesthetic in its unparalleled setting and history. The unique and picturesque
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bridges that offer access to the coast of Maine are a fantastic representation of the state
and local history—as well as a testimony to the development in engineering knowledge,
innovation, adaptation, and expertise over a four-hundred-year stretch of time. In order to
protect the historic bridges of Maine, we must make sure that the bridges either meet the
modern standards or implement improvements that will maintain a level of safety and
historic value for the future. Civil engineers and historic preservationists share an
obligation to history to preserve and celebrate Americans’ past accomplishments and way
of life.
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Appendix B – Plan of Sewall’s Bridge
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Appendix C – Profile of Bailey Island Bridge
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Appendix D – Plan of Bailey Island Bridge
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Appendix E – Profile of Deer Isle-Sedgwick Bridge
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Appendix F – Tables and Figures from AASHTO’s A Policy on Geometric
Design of Highways and Streets (2011)
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Appendix G – Plan and Profile of Sewall’s Bridge
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Appendix H – Sewall’s Bridge: Geometric Design Calculations

Stopping Sight Distance
South Approach:
d = 1.47(25mph)(2.5sec) +

25mph 2
= 158.69 ft
#11.2sec
&
30%
− 0.0362(
$ 32.2
'

North Approach:
€
d = 1.47(25mph)(2.5sec) +

25mph 2
= 159.65 ft
#11.2sec
&
30%
− 0.406(
$ 32.2
'

Sag Vertical Curve Length
€

South Approach:
S>L

L = 2 • 158.69 ft −

400 + 3.5 • 158.69 ft
= −139.76 ft
2.09

North Approach:

€

S>L

L = 2 • 159.65 ft −

400 + 3.5 • 159.65 ft
= 155.13 ft
5.84

Horizontal Curve Radius

€
R=

25mph 2
= 185.19 ft
15 • 0.225

€
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Appendix I – Plan and Profile of Bailey Island Bridge
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Appendix J – Bailey Island Bridge: Geometric Design Calculations
Stopping Sight Distance
South of Center Span:
30mph 2
d = 1.47(30mph)(2.5sec) +
= 211.67 ft
#11.2sec
&
30%
− 0.05219(
$ 32.2
'

North of Center Span:
€
d = 1.47(30mph)(2.5sec) +

30mph 2
= 211.34 ft
#11.2sec
&
30%
− 0.051(
$ 32.2
'

North Approach:
€
d = 1.47(30mph)(2.5sec) +

30mph 2
= 217.34 ft
#11.2sec
&
30%
− 0.06787(
$ 32.2
'

Sag Vertical Curve Length
€

South of Center Span:
S>L

L = 2 • 211.67 ft −

400 + 3.5 • 211.67 ft
= 204.75 ft
5.219

North of Center Span (N1):

€

S>L

L = 2 • 211.26 ft −

400 + 3.5 • 211.26 ft
= 199.11 ft
5.1

North Approach (N2):

€

S<L

L=

6.381• 217.34 ft 2
= 259.69 ft
400 + 3.5 • 217.34 ft
89

€

Crest Vertical Curve Length
South of Center Span:
S>L

L = 2 • 211.67 ft −

2158
= 9.85 ft
5.219

North of Center Span:

€

S>L

L = 2 • 211.26 ft −

2158
= −0.617 ft
5.1

Horizontal Curve Radius

€

30mph 2
R=
= 300 ft
15 • 0.2

€
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Appendix K – Deer Isle-Sedgwick Bridge: Geometric Design Calculations
Stopping Sight Distance
25mph 2
d = 1.47 • 25mph • 2.5sec+
= 165.49 ft
# 11.2sec
&
30%
− 0.065(
$ 32.2
'

Crest Vertical Curve Length
€

S>L

L = 2 • 165.49 ft −

2158
= 164.98 ft
13.0

€
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