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PREFACE

The Connecticut Highway Design Manual has been developed to provide uniform design
practices for preparing roadway plans. The Manual presents most of the information normally
required in the design of a typical highway project. The highway designer should attempt to
meet all criteria presented in the Manual; however, the Manual should not be considered a
standard that must be met regardless of impacts. The highway designer must consider the
social, economic or environmental impacts that result from the design values selected. The
highway designer should develop solutions that meet the Department’s operational and safety
requirements while preserving the aesthetic, historic or cultural resources of an area. The
Department has designated certain highways or segments of highways that abut significant
natural or cultural features as Scenic Highways. Designers must exercise good judgment on
individual projects and, frequently, they must be imaginative, innovative and flexible in their
approach to highway design. Designers are reminded that the projects they work on are not just
Department projects, but everyone’s project.

The Department has developed alternative design standards for bridge rehabilitation projects
under the Local Bridge Program. These alternative design standards may be applied to
municipally maintained bridges on facilities that are functionally classified as “Rural Local
Roads,” “Rural Minor Collectors” or “Urban Local Streets.”

The Department of Transportation wishes to thank the following organizations for their
assistance during the development of this Manual:

° Federal Highway Administration,

. Council of Small Towns,

. Rural Development Council,

. Connecticut Trust for Historic Preservation,
o Councils of Elected Officials,

o Regional Councils of Government,

o Regional Planning Agencies, and

° Connecticut Council on the Arts.



FOREWORD

Connecticut is blessed with an exceptionally strong sense of time and place, its bustling towns
and quiet villages linked by a web of roads, some of which began before the coming of
Columbus as trails and paths linking Indian settlements. Whether local resident or visitor to the
State, drivers know the experience of the journey can be a lot more than just getting from one
point to the next.

The Connecticut landscape is one of great diversity. There are very few places in the country
where you can see such varied and distinctive landscapes, all within a two-hour drive.
Connecticut has mountainous and rolling uplands dropping down to broad agricultural plateaus,
dissected by rocky, fast-moving streams. Connecticut has broad and fertile river valleys framed
by distinctive landforms that have supported most of the urban population for its recent history.
Connecticut has distinctive coastal plains separated by rocky outcrops and extensive salt
marshes.

Beyond exceptional natural land forms, the State is blessed with a similar range of diversity in
the ways people have inhabited the land. As was the case along much of the eastern seaboard,
people settled Connecticut in a series of episodes that adapted to conditions of the land and
changes in technology. For the first 120 or so years, the economy was agrarian, and the
landscape was covered with small farms and homesteads. As technology evolved and
industrialization began, these forms shifted and urban centers developed.

There are scenic places in both of these landscape types. Within the urban regions, the scenic
gualities are a result of tenacious efforts by citizens to preserve what is left of the visible links
between the land and people. Here, the scenic qualities are a result of relative scarcity. In the
more rural regions, the scenic qualities are a result of tenacious efforts at making a living from
the land. Scenic qualities are a result of continuous stewardship and care.

The rich heritage of Connecticut needs to continue. Highway and bridge engineers, amongst
many others, are key players in achieving this goal. Engineers have the challenge to not only
maintain and upgrade the transportation system to meet the operational and safety needs of the
Department, but also to minimize the environmental, historic, cultural, aesthetic, social and
economic impacts.
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Chapter One
MANUAL USAGE

1-1.0 OVERVIEW

1-1.01 Objective

The Connecticut Highway Design Manual has been prepared to provide guidance on the
geometric design of bridge and highway projects. This Manual shall be used in the design of
highways and streets within the State Highway System, and may be used to design the local
roadway network as applicable, to provide uniform design practices for preparing roadway
plans. Although this Manual is primarily used by Highway engineers, lead Bridge and Traffic
engineers should also use this Manual for guidance on design criteria when their projects
involve highway related elements such as geometric alignments, roadside appurtenances, clear
zones, etc...

Multimodal considerations are essential in the design of every bridge and highway projects and
should reflect the roadway context and community needs. If used conscientiously and diligently,
the Manual should be a significant benefit to designers in selecting cost-effective designs that
will meet the objectives of the local community and those of the Department. Each project
should be designed in compliance with the Department’s Policy No. EX.O. — 31: Complete
Streets, to include Context Sensitive and Complete Streets Design principles, specifically to fit
into the context of the area where it will be constructed and consider all modes of transportation.
The designer's goal should be a balanced design that ensures the safe and adequate
accommodation of all users of the transportation system, including pedestrians, bicyclists, public
transportation users, children, older individuals, individuals with disabilities, motorists, and
freight vehicles, as appropriate. This does not necessarily mean that facilities for every mode
are provided for every roadway. In fact, the appropriate balance among transportation modes
may vary widely between specific roads and streets. The guiding design principle is that the
balance among transportation modes, selected for each road and street, should be a conscious
decision arrived at after thorough assessment of the needs of each mode, consideration of local
and regional transportation plans, and understanding of community needs. The designs
produced, especially those within rural areas, should reflect the natural, scenic and cultural
landscape of the area. Where practical, designers should take advantage of the physical and
topographical characteristics of an area to maximize aesthetics. For a highway project to
ultimately be successful, public involvement must be established early in the design process so
that a common goal may be achieved. The details of the Department’s public involvement
process are contained in the document entitled Connecticut Department of Transportation:
Public Involvement Procedures.

Throughout the design process, a designer is encouraged to use the flexibility provided by this
Manual to produce a design solution that satisfies diverse and occasionally conflicting interests.
To aid in building an understanding of sensitivity and flexibility in design, the Federal Highway


https://portal.ct.gov/-/media/DOT/documents/dpolicy/stip/Final-PIP-12-28-2020-2-3-2021.pdf
https://portal.ct.gov/-/media/DOT/documents/dpolicy/stip/Final-PIP-12-28-2020-2-3-2021.pdf
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Administration has produced a guide, Flexibility in Highway Design. Designers should refer to
this guide for examples of how to successfully integrate aesthetic, historic and scenic values
along with safety, accessibility, and added mobility into the design of projects. Designers shall
coordinate with the Scenic Road Advisory Committee when designing projects involving
roadways designated as “Scenic Roads” to ensure that there is no adverse effect on the
roadways’ scenic characteristics. The List of Connecticut Scenic Roads and additional
information can be found online at Connecticut Scenic Roads. Also, the Department may have
a number of corridor studies on file for State-designated “Scenic Roads,” which may include
recommendations that will allow for roadway improvements while protecting the scenic
character of these roadways. Designers should contact the Office of Strategic Planning and
Projects in the Bureau of Policy and Planning for information on these studies and consider
applying some of the design tools included in these studies to other projects within sensitive
areas.

1-1.02 Highway Elements

The Connecticut Highway Design Manual provides design criteria for the following highway
elements:

1 geometrics;

2 roadside safety;

3. temporary traffic control; and

4 special design elements, such as:

a. accessibility for disabled individuals,
bikeways,

landscaping,

commuter lots, and

fencing.

© oo o

The designer should be aware of the projects’ surrounding environment and carefully integrate
the design within its context. Through site visits, the designer may develop an appreciation of
the physical characteristics of an area and an understanding of community values. The
designer must be aware of the impacts that result from rigidly applying the criteria contained
within this Manual. The designer should carefully evaluate each criterion so that the final design
provides for safety and operational improvements while keeping harmony with the aesthetic,
historic and cultural resources of the community. The Manual provides flexibility to a designer
through the use of a range of design values where appropriate. Where the application of the
minimum design criteria results in unreasonably high construction costs or extreme impacts to
the surrounding environment, the design exception process can address the use of lower than
minimum design values on a case-by-case basis. See Section 6-5.0.

The proper design of a highway project requires input from various disciplines. Early
coordination is required so that their input may be effectively incorporated into the final design of


https://www.fhwa.dot.gov/environment/publications/flexibility/
https://portal.ct.gov/DOT/Programs/Connecticut-Scenic-Roads
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a project. Their input may impact the original scope or change the character of the project. The

design

of a highway project will likely include the evaluation and design of the following

elements:

N o g b~ w D

©

1-1.03

pavement design and rehabilitation;

hydraulic design of drainage appurtenances;

traffic engineering elements (e.g., traffic signals, lighting, signs, pavement markings);
consideration of all modes of transportation (including active transportation modes)
geotechnical elements (e.g., slope stability, soil bearing strength);

structural design elements (e.g., bridges, culverts, retaining walls);

environmental considerations including:
a. noise,
b. air and water quality,
c. Environmental Justice
d. natural resources, and
e. historical and archeological resources;

right-of-way impacts (e.g., property owners, utilities, railroads); and

highway capacity.

Project Scope of Work

The Connecticut Highway Design Manual has been structured to select the applicable set of
design criteria based on the following factors:

1.
2.

urban/rural location;

design classification, based primarily on the extent of roadside
development (Section 6-1.03);

the functional class of the facility (Section 6-1.01):

a. freeway,

b. arterial,

c. collector, or
d. local.

the scope of work — This is a major control in the design of the proposed highway
project. The project scope of work will reflect the basic intent of the highway project and
will determine the overall level of highway improvement, taking into consideration all
modes of travel to the extent practicable. New construction and reconstruction projects
will often have significant impacts (e.g., considerable right-of-way involvement). In
contrast, 3R non-freeway projects typically restrict improvements to the existing right-of-
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way. The decision on the project scope of work will determine the use of the
Department’s Highway Design Manual.

The project scope of work are as follows:

a. hew construction,

reconstruction (freeways),
reconstruction (non-freeways),

3R (non-freeways),

spot improvements, or
preservation/preventive maintenance.
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The following descriptions are intended to provide guidance for the determination of the project
scope of work.

1-1.03.01 New Construction

New construction is defined as the following for the various highway elements:

1.

Highway Mainline. New horizontal and vertical alignment at a new location is considered
new construction of a highway mainline. Chapters Four and Five present the
Department’s criteria for new construction.

Intersections At-Grade. Any intersection that falls within the project limits of a new
highway mainline is considered new construction. Likewise, any existing intersection
that is relocated to a new point of intersection is considered new construction. Chapter
Eleven presents the Department’s criteria for the new construction of intersections;
Chapters Four and Five present the Department’s criteria for the width of cross-section
elements within the intersection (e.g., auxiliary lane width).

Interchanges. Any construction of an interchange on a new highway mainline is
considered new construction. In addition, the construction of a new interchange on an
existing highway is considered new construction. Chapter Twelve presents the
Department’s criteria for the new construction of interchanges. Chapters Four and Five
present the Department’s criteria for the width of cross-section elements for the highway
mainline within the interchange.

Bridges. Bridges on a new highway mainline are considered new construction for
bridges. Chapters Four and Five present the Department’s criteria for the width of
bridges for new construction.

1-1.03.02 Reconstruction (Freeway)

Reconstruction on a freeway may or may not involve significant right-of-way acquisitions.
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Reconstruction on a freeway (Freeway project) is defined as the following for the various
highway elements:

1.

Highway Mainline. Reconstruction work on an existing freeway mainline may include:

a. lane and/or shoulder full-depth pavement structure removal and replacement;

i

lane and/or shoulder widening;
addition of through and/or auxiliary lanes;
flattening a selected horizontal or vertical curve;

widening the roadside clear zone;
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upgrading the safety appurtenances to meet current criteria;

flattening side slopes;

2 @

noise barrier installation;

structural, geometric and/or safety improvements to existing bridges or overhead
sign structures within the project limits; and/or

j- upgrading the existing drainage system.

Section 3-1.0 presents the Department’s criteria for the design of freeway projects on the
existing highway mainline.

Interchanges. An existing interchange may be within the project limits of a Freeway
project, or a Freeway project may be initiated solely to improve an existing interchange.
The scope of work may range from total reconstruction of the existing interchange to
selected design improvements. Most often, the level of improvement to an existing
interchange within larger project limits will be commensurate with the level of
improvement to the highway mainline. Therefore, Reconstruction work on an existing
interchange might include:

a. upgrading the interchange type (e.g., converting a cloverleaf to a directional
interchange);

=3

adding new connections for movements;
adding collector-distributor roads;
lengthening an existing acceleration or deceleration lane;

improving roadside safety within the interchange limits;
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noise barrier installation within the interchange limits;

realigning an existing ramp; and/or

= @

widening an existing ramp.

Chapter Twelve discusses the Department’s criteria for the design of the interchange
elements.
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Bridges. Freeway projects frequently include work on existing freeway bridges. The
scope of work on freeway bridges varies based on minimum acceptable bridge load
rating factors, impacts to each bridge and/or condition ratings for each bridge. The
designer should coordinate with the Division of Bridges to develop the final scope of
work on the bridges. Occasionally, a bridge may be within the limits of a Freeway
project, but no improvement may be proposed. Therefore, the scope of work for a
freeway bridge may be one of the following:

a. total replacement of an existing bridge, either as an independent project or within
the limits of a mainline/interchange Freeway project;

b. bridge rehabilitation, either as an independent project or within the limits of a
mainline/interchange Freeway project; or

C. preservation/preventive maintenance on bridges remaining in place within the
limits of a mainline/interchange Freeway project.

Section 3-1.0 presents the Department’s criteria for bridges on Freeway projects.

1-1.03.03 Reconstruction (Non-Freeway)

Reconstruction on a non-freeway will usually require significant right-of-way purchases and will
often have a major impact on the surrounding area. Reconstruction on non-freeways is defined
as the following for the various highway elements:

1.

Highway Through Lanes. Reconstruction of an existing highway through lane will
typically include partial or full-depth pavement construction of the existing horizontal and
vertical alignment but will be essentially within the existing highway corridor. The
primary reason to perform reconstruction is because the existing facility cannot
accommodate its current or future demands and requires an extensive improvement to
provide an acceptable level of service. Any project that increases the basic number of
through traffic lanes on an existing road is considered Reconstruction. Because of the
significant level of work, the geometric design of the project should be determined by the
criteria for new construction. Therefore, the values in Chapters Four and Five will be
used to design reconstruction projects.

Intersections At-Grade. Any intersection that falls within the limits of a reconstruction
project will also be evaluated for reconstruction. The scope of work for a project strictly
to improve an existing intersection may also be considered reconstruction if the
proposed work is extensive. This could include:

a. the addition of through and/or auxiliary lanes for all approaches;
the relocation and flattening of turning radii;

the addition of turning roadways;

flattening the approach and intersection gradients;

realigning the angle of intersection; and/or
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re-channelizing the intersection.
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Because of the extensive level of work for reconstruction, the criteria in Chapter Eleven
will apply to the design of the intersection. The criteria in Chapters Four and Five apply
for the width of the cross-section elements.

3. Interchanges. An existing interchange may be within the project limits of a non-freeway
facility that is being redesigned as a reconstruction project. The interchange should also
be evaluated for reconstruction. This may only apply to those interchange elements that
directly impact the safety and operations of the non-freeway facility, not the entire
interchange. In addition, the scope of work for a project strictly to improve an existing
interchange may be considered reconstruction if the proposed work is extensive. This
would apply to an interchange between two non-freeway facilities; if a freeway is one of
the intersecting facilities, this will be a Freeway project. The reconstruction of an
existing interchange may be characterized by:

a. upgrading the interchange type (e.g., converting a cloverleaf to a directional
interchange);

b. adding new connections for movements that are currently not provided; and/or
adding collector-distributor roads.

When reconstruction is being performed on an existing interchange, the entire
interchange should be evaluated according to the criteria in Chapters Four, Five and
Twelve.

4, Bridges. Non-freeway reconstruction projects may include work on existing bridges.
The scope of work on non-freeway bridges varies based on minimum acceptable bridge
load rating factors, impacts to each bridge and/or condition ratings for each bridge. The
designer should coordinate with the Division of Bridges to develop the final scope of
work on the bridges. An independent project to perform work solely on a bridge and its
approaches is a spot improvement (Section 1-1.03.05). Therefore, the scope of work as
it applies to non-freeway bridges on reconstruction projects may be one of the following:

a. total replacement of an existing bridge, either as a spot improvement (Section 3-
2.0) or as part of the reconstruction of a non-freeway (Section 10-4.0);

b. bridge rehabilitation, either as a spot improvement (Section 3-2.0) or as part of
the reconstruction of a non-freeway (Section 10-4.0); or

C. preservation/preventive maintenance on bridges remaining in place within the
limits of the reconstruction of a non-freeway (Section 10-4.0).

1-1.03.04 3R (Non-Freeways)
3R (resurfacing, restoration and/or rehabilitation) on non-freeways will typically involve either no

or minor right-of-way acquisition (e.g., slivers, an occasional building). A 3R non-freeway
project is defined as the following for the various highway elements:
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Highway Through Lanes. 3R work on an existing highway through lane is work
essentially on the existing highway alignment, which could include selected
improvements to the highway geometrics. The basic number of through traffic lanes
must be the same before and after the project. Typical improvements for 3R projects
include:

a. lane and shoulder pavement resurfacing;

full-depth pavement structure removal and replacement of the travel lanes up to
one third of the project length (full-depth pavement structure and removal for the
total project length may be included with approval from the appropriate Division
Chief);

c. shoulder full-depth pavement structure removal and replacement (for all or part of
the project length);

d. lane and shoulder widening;

e. addition of auxiliary lanes;

-

flattening a selected horizontal or vertical curve;

widening the roadside clear zone;
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converting an existing median to include left-turn lanes;

revising the location, spacing or design of existing driveways along the mainline;

j.  adding or removing parking lanes;

k. adding curbs or sidewalks;

I.  structural, geometric or safety improvements to existing bridges within the project
limits;

m. relocating utility poles;

n. upgrading safety appurtenances to meet current criteria;

0. upgrading of the existing drainage system; and/or

p. upgrading of signing, pavement markings, traffic signals, etc.

Chapter Two presents the Department’s criteria for the design of 3R non-freeway
projects.

Intersections At-Grade. Any intersection within the limits of a 3R project will be
evaluated for 3R-type improvements. In addition, an existing intersection may also be
improved as an independent project. This may be considered as either a 3R project or a
spot improvement (Section 1-1.03.05).

A 3R project at an existing intersection may include improvements such as:

a. widening the approach roadway width,
b. adding an auxiliary lane,
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lengthening an existing auxiliary lane,
improving the intersection sight distance,
flattening the existing turning radii,

minor realignment of the intersection angle,
adding a turning roadway,

widening an existing turning roadway,

minor re-channelization,

] upgrading the existing signal system, and/or
k. upgrading the existing drainage system.
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Chapter Two discusses the Department’s design criteria for 3R work to an existing
intersection. This is primarily a reference to the criteria in Chapter Eleven.

3. Interchanges. An interchange may be within the project limits of a 3R project on a non-
freeway facility. The project should also include an evaluation of those interchange
elements which directly impact the safety and operations of the non-freeway. 3R-type
work to an existing interchange within a 3R project might include:

lengthening an existing acceleration or deceleration lane,
improving roadside safety within the interchange limits,
realigning an existing ramp,

widening an existing ramp, and/or

improvements to the ramp/non-freeway intersection.
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Chapter Twelve discusses the Department’s design criteria for interchanges.

4, Bridges. 3R (non-freeway) projects may include work on existing bridges. The scope of
work on these bridges varies based on minimum acceptable bridge load rating factors,
impacts to each bridge and/or condition ratings for each bridge. The designer should
coordinate with the Division of Bridges to develop the final scope of work on the bridges.
An independent project to perform work solely on a bridge and its approaches is a spot
improvement (Section 1-1.03.05). Therefore, the scope of work on existing bridges
within a 3R project may be one of the following:

a. bridge rehabilitation as part of a 3R project (Section 2-7.0); or

b. preservation/preventive maintenance on bridges remaining in place within the
limits of a 3R project (Section 2-7.0).

1-1.03.05 Spot Improvements

These projects are intended to correct a deficiency at an isolated location. This may be an
intersection, a horizontal curve, a bridge or a limited roadside section. Section 3-2.0 discusses
the Department’s criteria for the design of spot improvement projects.
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1-1.03.06 Preservation/Preventive Maintenance Projects

The intent of these projects is to extend the life of a structurally sound facility by employing cost-
effective preservation techniques. These projects generally do not require safety
enhancements; however, they should address isolated or obvious deficiencies and in no way
degrade safety.

1. Highway Through Lanes. Preservation work on existing highway through lanes may
include:

a. lane and shoulder pavement resurfacing;
b. replacement of deteriorated drainage basin tops.

2. Bridges. The designer must coordinate with the Office of Maintenance and the various
units within the Division of Bridges for the appropriate treatment on the bridges.

Section 3-3.0 discusses the scope and design criteria for preservation and preventive
maintenance projects on state roads.

1-1.04 Procedures for Scope Approval

The procedures for selecting and revising the project scope of work are integrated into the
Department’s Project Initiation and design process. These overall procedures are outlined in
the Project Development Guide. The following provides additional details specifically for the
project scope of work:

1. Planning, Project Development, Traffic, Maintenance, Design or other groups may
initiate projects. When the Recommended Project Memorandum (RPM) is prepared, the
initiating unit will select the project scope of work.

2. When the project is initiated, the designer will begin work on the project. At any time
during design, the designer may recommend to revise the project scope of work based
on an evaluation of actual field conditions. The Chief Engineer/Assistant Chief
Engineer/Engineering Administrator must then approve the revised scope in accordance
with Engineering and Construction Directive ECD-2022-3 Delegation of Authority. The
designer must document the justification and approval of the scope change, and notify
the Office of Capital Planning in the Bureau of Finance and Administration to ensure that
the appropriate  CORE/FMIS/STIP adjustments for the project are processed
accordingly.
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1-2.0 MANUAL SUMMARY
1-2.01 Introduction

The following summarizes the content of the chapters within the Connecticut Highway Design
Manual.

1-2.02 Chapter Two “Geometric Design of Existing Highways (3R Non-Freeway
Projects)”

ConnDOT often programs highway improvements on existing non-freeways for reasons other
than geometric or safety deficiencies (e.g., pavement deterioration). These projects typically
must be designed within restrictive right-of-way, financial limitations and environmental
constraints. Therefore, the design criteria for new construction are often not attainable without
major and, frequently, unacceptable adverse impacts. At the same time, however, the
Department must take the opportunity to make cost-effective, practical improvements to the
geometric design of existing highways and streets.

For these reasons, the Department has adopted revised limits for geometric design criteria for
projects on existing non-freeways in Chapter Two which are, in many cases, lower than the
values for new construction. Chapter Two presents the Department’s criteria for 3R non-
freeway projects. These criteria are based on a sound, engineering assessment of the
underlying principles behind geometric design and on how the criteria for new construction can
be legitimately modified to apply to existing highways without sacrificing highway safety.

These criteria are intended to find the balance among many competing and conflicting
objectives. These include the objective of improving Connecticut’'s existing highways; the
objective of minimizing the adverse impacts of highway construction; and the objective of
improving the greatest number of miles within the available funds.

1-2.03 Chapter Three “Geometric Design of Existing Highways (Freeway Projects)
(Spot Improvements) (Preservation/Preventive Maintenance Projects)”

Based on the same approach to 3R non-freeway projects in Chapter Two, Chapter Three
presents modified geometric design criteria for:

1. freeway projects,
2. spot improvement projects, and
3. preservation/preventive maintenance projects.

The design criteria for these three project scopes of work reflect the practical constraints of
designing highway improvements on existing facilities.



1-2(2) MANUAL USAGE December 2003

1-2.04 Chapter Four “Rural Highways and Roads (New
Construction/Reconstruction)”

Chapter Four presents a set of summary tables of geometric design criteria for new
construction/reconstruction projects in rural areas based on:
1. functional classification;

2. design classification on non-freeways (based on the average number of access points
per mile per side); and

3. for arterials, two-lane versus multi-lane.
These tables provide the Manual user with a convenient summary of the geometric design

criteria that apply to a specific facility. The tables also identify the controlling design criteria that
require an approved design exception if not met.

1-2.05 Chapter Five “Urban Highways and Streets (New
Construction/Reconstruction)”

Chapter Five presents a set of summary tables of geometric design criteria for new construction/
reconstruction projects in urban areas based on:

1. functional classification;
2. design classification on non-freeways (based on the type of area); and
3. for arterials, two-lane versus multi-lane.

These tables provide the Manual user with a convenient summary of the geometric design
criteria that apply to a specific facility. The tables also identify the controlling design criteria that
require an approved design exception if not met.

1-2.06 Chapter Six “Design Controls”

Proper highway design must reflect the consideration of many basic design controls that provide
the overall framework for highway design. Chapter Six discusses the Department’s application
of these controls, including:

highway systems (e.g., functional classification, Federal-aid);
the various speed measurements (e.g., design speed);
highway capacity analyses;
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access control; and

Chapter Six also discusses the Department’s process for requesting a design exception for
those geometric design values that do not meet the Department’s criteria.
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1-2.07 Chapter Seven “Sight Distance”

Sufficient sight distance is critical to safe highway operations. Chapter Seven presents the
Department’s criteria for various sight distance elements, including stopping sight distance and
decision sight distance. The Chapter also discusses the application of the two sight distance
parameters. Intersection sight distance is addressed in Chapter Eleven “Intersections At-
Grade.”

1-2.08 Chapter Eight “Horizontal Alignment”

Highway horizontal alignment has a significant impact on highway safety and construction costs.
Chapter Eight presents the Department’s criteria that will establish the alignment of a highway
facility. This includes:

types of horizontal curves;

minimum radii;

superelevation development (e.g., transition lengths, axis of rotation); and
sight distance around horizontal curves.
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Because of their different operating conditions, Chapter Eight presents separate criteria for all
rural highways/high-speed urban highways (V > 45 mph) and for low-speed urban streets
(V < 45 mph).

1-2.09 Chapter Nine “Vertical Alignment”

Highway vertical alignment, perhaps more so than any other highway element, has a significant
impact on construction costs and highway operations, especially where there is an appreciable
volume of trucks. Chapter Nine presents the Department’s criteria on vertical alignment,
including:

maximum and minimum grades,

critical lengths of grade,

warrants and design for climbing lanes,

the design of crest and sag vertical curves, and
vertical clearances.
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1-2.10 Chapter Ten “Cross Sections”

The highway cross section has a significant impact on the driver's perception of the
serviceability and safety of the highway facility. Chapter Ten presents the Department’s criteria
on cross section elements to supplement the design values in Chapters Two, Four and Five.
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Chapter Ten discusses:

the roadway section (e.g., travel lanes, shoulders, cross slopes, parking lanes, curbs);
roadside elements (e.g., sidewalks, fill slopes, cut sections);

medians;

cross sections for bridges and underpasses; and

right-of-way.
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1-2.11 Chapter Eleven “Intersections At-Grade”

Intersections at-grade represent major points of conflict between crossing flows of traffic. Driver
delay is inevitable because of the need to assign right-of-way, and crashes often cluster about
intersections. Therefore, they merit considerable attention in highway design. Chapter Eleven
presents the Department’s criteria for the design of intersections at-grade, including:

general design controls (e.g., capacity, selection of design vehicle, alignment, profile);
intersection sight distance;

design for right turns;

turning roadways;

auxiliary turning lanes (e.g., warrants, length, dual turn lanes);

median openings;

channelization; and
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driveways.

1-2.12 Chapter Twelve “Interchanges”

Interchanges offer the safest and most effective method to accommodate traffic operations
between two intersecting highways. However, their high cost and significant impacts limit their
application to freeways and other selected major facilities. Chapter Twelve presents the
Department’s criteria for the selection and design of interchanges, including:

warrants;

types;

traffic operations (e.g., lane balance, lane reduction, capacity);
freeway/ramp junctions (e.g., exit and entrance ramps);
geometric design of ramps; and

design of the ramp/crossing road intersection.

L T o
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1-2.13 Chapter Thirteen “Roadside Safety”

Regardless of the highway engineering design, a certain number of vehicles will run off the
road. The roadside design should provide these drivers with a reasonable opportunity to
recover and safely return to the highway. This is accomplished through the availability of a clear
roadside and/or the installation, where warranted, of protective barriers. Chapter Thirteen
presents the Department’s criteria for roadside safety, including:

clear zone criteria;

barrier warrants;

roadside barriers (types and selection);

1

2

3

4, median barriers (e.g., warrants, types, design);

5 barrier layout and design (e.g., length of need, flare rates, placement behind curbs); and
6

end treatments.

1-2.14 Chapter Fourteen “Temporary Traffic Control”

A significant portion of the Department’s future highway program will be to upgrade existing
facilities. Because this will inevitably disrupt existing traffic operations, Chapter Fourteen
presents the Department's criteria on temporary traffic control to minimize operational and
safety problems. The Chapter discusses:

1 the ConnDOT responsibilities for temporary traffic control,
2 temporary traffic control management,

3. geometric design through the construction zone, and

4 roadside safety through the construction zone.

1-2.15 Chapter Fifteen “Special Design Elements”

In addition to the traditional highway design elements, the Department is responsible for
ensuring that the highway design properly incorporates a wide variety of special design
elements. Chapter Fifteen presents the Department’s criteria for these elements, including:

accessibility for disabled individuals,
layout and design of commuter lots,
location and design of bus stops,
warrants and design of bikeways,
landscaping,

warrants and location for fencing, and
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design implications for noise barriers.
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Chapter Two

GEOMETRIC DESIGN
OF EXISTING HIGHWAYS
(3R NON-FREEWAY PROJECTS)

2-1.0 INTRODUCTION

The geometric design of projects on existing highways must be viewed from a different
perspective than that for a new construction project. This chapter presents the Department’s
criteria for the geometric design of existing highways for 3R (Non-Freeway) projects while Chapter
Three addresses freeway projects, spot improvements and preservation/preventive maintenance
projects. These 3R projects are often initiated for reasons other than geometric design
deficiencies (e.g., pavement deterioration), and they often must be designed within restrictive
right-of-way, financial limitations and environmental constraints. Therefore, the design criteria for
new construction are often not attainable without major and, frequently, unacceptable adverse
impacts. These 3R projects are initiated in communities where land use and cultural
characteristics are well established. For these projects, it is essential to consider the community,
land use, visual, historical and natural resources surrounding the proposed roadway
improvement. Designers must be aware of the community context in which these projects are
being proposed and select the design criteria accordingly. At the same time, however, the
designer should take the opportunity to consider cost-effective, practical improvements to the
geometric design of existing highways and streets when crash data suggest it is appropriate. The
design produced should integrate these wide ranging and sometimes conflicting issues to produce
a safe and attractive transportation facility.

Designers should be aware of projects that are located within State or town designated “Scenic
Roads” or “Scenic Byways.” The Department may have a number of corridor studies for State-
designated scenic roads. These documents are typically prepared in cooperation with the
Department, local Regional Planning Agencies and other local interested parties. To protect the
scenic character of these roadways, these studies may include recommendations on land use,
landscaping, view/scenic enhancements and geometric considerations. To ensure that proposed
improvements on these scenic roadways will fit within the existing character of the roadway, along
with protecting their scenic and visual quality, the recommendations of these studies should be
considered. Although these studies were prepared for specific segments of roadway, designers
should become familiar with the design tools presented in these documents and consider their
inclusion on other projects. Designers should also be aware of locally designated scenic
roadways. Local governing authorities may have specific criteria established for these roadways.
The Department must be sensitive to these local issues and should incorporate their criteria where
appropriate.
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For these reasons, the Department has adopted revised limits for geometric design criteria for
projects on existing highways that are, in many cases, lower than the values for new construction.
These criteria are based on a sound, engineering assessment of the underlying principles behind
geometric design and on how the criteria for new construction can be legitimately modified to
apply to existing highways without sacrificing highway safety.

Chapter Two presents the Department’s criteria for 3R non-freeway projects, and Chapter Three
presents the criteria for freeway projects and spot improvements (non-freeways). These criteria
are intended to find the balance among many competing and conflicting objectives. These include
the objective of improving Connecticut's existing highways; the objective of minimizing the
adverse impacts of highway construction on existing highways; and the objective of improving the
greatest number of miles within the available funds.
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2-2.0 GENERAL

2-2.01 Background

On June 10, 1982, the FHWA issued its Final Rule entitled Design Standards for Highways;
Resurfacing, Restoration and Rehabilitation of Streets and Highways Other Than Freeways. This
Final Rule modified 23 CFR Part 625 to adopt a flexible approach to the geometric design of 3R
projects. Part 625 was modified again on March 31, 1983 to explicitly state that one objective of
3R projects is to enhance highway safety. In the Final Rule, FHWA determined that it was not
practical to adopt 3R design criteria for nationwide application. Instead, each State can develop
its own criteria and/or procedures for the design of 3R projects, subject to FHWA approval. The
following material was developed within the intent of these regulations using various references
available.

2-2.02 Objectives

From an overall perspective, the 3R program is intended to improve the greatest number of
highway miles within the available funds for highway projects. “Improve” is meant to apply to all
aspects which determine a facility’s serviceability, including:

1. the structural integrity of the pavement, bridges and culverts;

2. the drainage design of the facility to, among other objectives, minimize ponding on the
highway, to protect the pavement structure from failure, and to prevent roadway flooding
during the design-year storm;

3. from a highway capacity perspective, the level of service provided for the traffic flow;
4, the adequacy of access to abutting properties;
5. the geometric design of the highway to safely accommodate expected vehicular speeds

and traffic volumes;

6. the roadside safety design to reduce, within some reasonable boundary, the adverse
impacts of run-off-the-road vehicles; and

7. the traffic control devices to provide the driver with critical information and to meet driver
expectancies.

These objectives are competing for the limited funds available for 3R projects on existing
highways. The Department’s responsibility is to realize the greatest overall benefit from the
available funds. Therefore, on individual projects, some compromises may be necessary to
achieve the goals of the overall highway program. Specifically, for geometric design and roadside
safety, the compromise is between new construction criteria and what is practical for the specific
conditions of each highway project.
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Therefore, considering the above discussion, the Department has adopted, and FHWA has
approved, its approach to the geometric design of 3R projects. The overall objective of the
Department’s criteria is to fulfill the requirements of the FHWA regulation and Technical Advisory
that govern the 3R program (see Section 1-1.03.04). These objectives may be summarized as
follows:

1. 3R projects are intended to extend the service life of the existing facility and to return its
features to a condition of structural or functional adequacy.

2. 3R projects are intended to enhance highway safety.

3. 3R projects are intended to incorporate cost-effective, practical improvements to the
geometric design of the existing facility.

2-2.03 Approach

The Department’s approach to the geometric design of 3R projects is to adopt, where justifiable,
a revised set of numerical criteria. The design criteria throughout the other Manual chapters
provide the frame of reference for the 3R criteria. The following summarizes the approach that
has been used:

1. Design Speed. Figures 2-3A through 2-3I provide the values for design speed. Where
the design speed is based on actual speeds measured in the field, see Section 2-4.01 for
the procedure that should be used for determining the recommended design speed. The
design speed selected should be consistent with respect to travel speed, topography,
adjacent land use and the functional classification of the highway.

2. Speed-Related Criteria. Many geometric design values are calculated directly from the
design speed (e.g., vertical curves, horizontal curve radii). The design speed is used to
determine these speed-related criteria. For many of these elements, Chapter Two
presents an acceptable threshold value for the element that is considerably below the
selected design speed. For example, if the design speed of an existing crest vertical curve
is within 15 mph of the 85th percentile speed and there is no adverse crash history, this is
considered acceptable for the project without a design exception.

3. Cross Section Widths. The criteria in Chapters Four and Five have been evaluated
relative to the typical constraints of 3R projects. Where justifiable, the lower values of the
cross section width criteria have been reduced. The upper values from Chapters Four
and Five have been incorporated into the 3R criteria to provide an upper range. This
provides an expanded range of acceptable values for application on 3R projects. Where
an existing roadway section exceeds the design minimum lane and shoulder widths, a
proposed improvement should not result in a reduction to the existing cross section without
approval from the appropriate Division Chief. See Section 2-7.0 for more discussion on
cross section widths.
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Other Design Criteria. The Department’s Highway Design Manual contains many other
details on proper geometric design techniques. These criteria are directly applicable to
new construction and reconstruction. For 3R projects, these criteria have been evaluated
and a judgment has been made on their proper application to 3R projects. Unless stated
otherwise in this Chapter, the criteria in other chapters apply to 3R projects and should be
incorporated, if practical. Additionally, 3R projects are expected to follow the requirements
of Chapter 15 Section 15-1.0 with regard to the Americans with Disabilities Act of 1990.

Evaluation. The designer should evaluate available data (e.g., crash experience) when
determining the geometric design of 3R projects. Section 2-2.05 discusses 3R project
evaluation in more detalil.

2-2.04 Application

The designer should realize the following factors when applying the design criteria in this Chapter:

1.

Trigger Values. The designer will be evaluating the existing geometric design against the
criteria in this Chapter. If an existing geometric design feature does not at least meet the
lower criteria, the designer must evaluate the practicality of improving the feature. Note
that to use the design criteria in Sections 2-5.0 and 2-6.02, the selected design speed is
based on the 85th percentile speed.

Improvement Level. The Department has determined that, once the decision is made to
improve a geometric design element, the level of improvement should be compatible with
the project objective. Where a range of values is presented, the designer should strive to
avoid selecting criteria from the lower range. The minimum acceptable level of
improvement will be designated as one of the following:

a. In some cases, the 3R trigger value may be acceptable. For example, it will be
acceptable to redesign sag vertical curves to meet the comfort criteria rather than
the headlight sight distance criteria. See Section 2-6.03.

b. In some cases, the trigger value may only be applicable to evaluating the need for
an improvement, but a different value becomes the minimum acceptable level of
improvement. For example, Figure 2-5A is used to evaluate the need for
improvements to a horizontal curve, but the criteria in Section 8-2.0 are used to
make improvements.

Exception Process. Desirably, the geometric design of 3R projects will meet all of the
criteria presented in this Chapter. However, only key geometric design elements (i.e., the
controlling design criteria) require a formal exception when not met. The 3R design
exception process is discussed in Section 2-4.03, which is the same as the exception
process for new construction and reconstruction (Section 6-5.0).
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2-2.05 3R Project Evaluation

Sections 2-3.0 to 2-10.0 present the specific geometric design and roadside safety criteria that
will be used to determine the design of 3R projects. The designer should also note that, in some
cases, the Department’s 3R geometric design criteria will allow the acceptance of geometric
design values that may be considerably below those for new construction/reconstruction (e.g., for
horizontal and vertical curves). In addition, several other factors must be considered in a 3R
project, and the designer should conduct applicable technical evaluations in coordination with the
appropriate Department units as necessary. The possible evaluations are discussed below:

1. Conduct Field Review. The designer will normally conduct a thorough field review of the
proposed 3R project. Other personnel should accompany the designer as appropriate,
including personnel from traffic, maintenance, construction, FHWA (NHS projects), etc.
The objective of the field review should be to identify potential safety hazards and potential
safety improvements to the facility.

2. Document Existing Geometrics. The designer will normally review the most recent
highway plans and combine this with the field review to determine the existing geometrics
within the project limits. The review includes lane and shoulder widths, horizontal and
vertical alignment, intersection geometrics and roadside safety design.

3. Crash Experience. The crash data within the limits of the 3R project will be evaluated.
Crash data can be obtained from UCONN'’s CT Crash Data Repository. The following
crash data analyses should be conducted:

a. Crash Rate versus Statewide Average (for that type of facility). This will provide
an overall indication of safety problems within the 3R project limits.

b. Crash Analysis by Type. This will indicate if certain types of crashes are a
particular problem. For example, a large number of head-on and/or sideswipe
crashes may indicate inadequate roadway width. A large number of fixed object
crashes may indicate an inadequate roadside clear zone.

c. Crash Analysis by Location. Crashes may cluster about certain locations, such as
a horizontal curve or intersection. In particular, the analysis should check to see if
any locations on the Department’s High Frequency Crash Location list, as
identified by the Department’s crash data system, fall within the proposed project
limits.

4. Speed Studies. As indicated in Section 2-4.01, the Division of Traffic Engineering will
review existing speed studies in the vicinity of the project and, if necessary, conduct a field
study to determine the design speed of the 3R project. In addition, it may be desirable to
conduct spot speed studies at specific locations (e.g., in advance of a specific horizontal
or vertical curve) to assist in the determination of geometric design improvements. The
speed study should be conducted before the field review.

5. Traffic Volumes. As indicated in Section 2-4.02, the traffic volumes used for design will
range between the current traffic volumes and those determined using a ten-year



https://www.ctcrash.uconn.edu/
https://ctgovexec.sharepoint.com/sites/DOTTrafficEngineeringSafetyEngineering/Shared%20Documents/Forms/AllItems.aspx?csf=1&web=1&e=cq2JVU&cid=7e50187e%2Dd642%2D448a%2D8ee2%2D9f9f5c0e6507&FolderCTID=0x01200060994DA413E0AB49A6B071E6C9D777D3&id=%2Fsites%2FDOTTrafficEngineeringSafetyEngineering%2FShared%20Documents%2FHFCL%20lists%5Fnotes%5Finformation&viewid=033885af%2Db89c%2D4e68%2D97f7%2De8b00509b00e
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10.

projection. This will generate traffic volumes for any necessary highway capacity
analyses.

Early Coordination for Right-of-Way Acquisition.  Significant ROW acquisitions are
typically outside the scope of 3R projects. However, the field review, crash and/or speed
studies may indicate the need for selective safety improvements that would require ROW
acquisitions. Therefore, the designer should determine improvements that will be
incorporated into the project design as early as feasible and initiate the ROW process, if
required.

Pavement Condition. 3R projects that are programmed due to significant deterioration of
the pavement structure will generally be determined from the Department’'s Pavement
Management Program. The extent of deterioration will influence the decision on whether
a project can be designed using the 3R design criteria or whether it should be designed
using reconstruction criteria. A 3R project may include full-depth pavement structure
replacement for up to one-third of the project length. The one-third limit may be exceeded
on a case-by-case basis with the approval from the appropriate Division Chief.

Whenever the proposed full-depth pavement structure replacement exceeds one-third of
the project length, it may be practical to include significant geometric improvements (e.g.,
lane and shoulder widening) in the project design. However, the proper level of geometric
improvement is often determined by many additional factors other than the extent of full-
depth pavement structure replacement. These include available right-of-way, traffic
volumes, crash experience and available funds for the project. Therefore, it may be
appropriate for the 3R project to include, for example, full-depth pavement structure
replacement with minimal geometric improvement, if deemed proper, to meet the safety
and operational objectives of the 3R program.

Geometric Design of Adjacent Highway Sections. The designer should examine the
geometric features and operating speeds of highway sections adjacent to the 3R project.
This will include investigating whether or not any highway improvements are in the
planning stages. The 3R project should provide design continuity with the adjacent
sections. This involves a consideration of factors such as driver expectancy, geometric
design consistency and proper transitions between sections of different geometric
designs.

Physical Constraints. The physical constraints within the limits of the 3R project will often
determine what geometric improvements are practical and cost-effective. These include
topography, adjacent development, available right-of-way, utility and environmental
constraints (e.g., wetlands).

Traffic Control Devices. All signing and pavement markings on 3R projects must meet the
criteria of the Manual on Uniform Traffic Control Devices (MUTCD). The Division of Traffic
Engineering is responsible for selecting and locating the traffic control devices on the
project. The designer should work with the Division of Traffic Engineering to identify
possible geometric and safety deficiencies that will remain in place (i.e., no improvement
will be made). These include:
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a. narrow bridges,
b. horizontal and vertical curves which do not meet the 3R criteria, and
c. roadside hazards within the clear zone.
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2-3.0 3R GEOMETRIC DESIGN CRITERIA

Figures 2-3A through 2-3l present the Department’s criteria for the design of 3R projects for both
rural and urban areas. The designer should consider the following in the use of the 3R design
criteria:

1. Functional/Design Classification. The selection of design values for 3R projects depends
on the functional and design classification of the highway facility. This is discussed in
Section 6-1.0.

For rural highways, the design classification is based on the average number of access
points per mile per side. The designer should realize that the values in the Figures are for
guidance only; they should not be used as rigid criteria for determining the design
classification on rural highways.

2. Cross Section Elements. The designer should realize that some of the cross section
elements included in the Figures (e.g., median width) are not automatically warranted in
the project design. The values in the Figures will only apply after the decision has been
made to include the element in the highway cross section.

3. Manual Section References. These Figures are intended to provide a concise listing of
design values for easy use. However, the designer should review the Manual section
references for greater insight into the design elements.




Figure 2-3A

MULTI-LANE RURAL ARTERIALS
(3R Projects)

(2)e-2

S103r0dd AVM3FH4-NON €

) % Manual Design Values (by Type of Roadside Development)
Design Element Secti
ection Open Moderate Density High Density
Typical Number of Access Points/Mile/Side 6-1.03 0-15 15-30 >30
K%)
% Design Forecast Year 2-4.02 Current — 10 years Current — 10 years Current — 10 years
o
Q:) Design Speed X 2-4.01 See Section 2-4.01 See Section 2-4.01 See Section 2-4.01
(o2
‘@ | Control of Access 6-4.0 Partial/Control by Regulation Control by Regulation Control by Regulation
s}
Level of Service 6-3.0 B-C B-C B-C
Travel Lane Width X 2-7.01 See Figure 2-7A
Right X : 4 -8 4 -8 4' -8
Shoulder Width iy
Left X Bl 2'-8 2'-g 2'-g
Travel Lane X 10-1.01 1.5 - 2.0% for lanes adjacent to crown; 2.0% for lanes away from crown
Typical Cross Slope Shoulder (W < 4 ft) Same as Adjacent Travel Lane
Uncurbed: 4%
- 0 0
. Shoulder (W > 4 ft) X 10-1.02 4% 4% Curbed: 6%
E Lane Width 1' Less than Travel Lane Width — Same as Travel Lane
£ Turn Lanes
& Shoulder Width X 2 -4
c . . .
.% Median Width Depressed 1030 Project-by-Project Basis
% ] (Includes Left Shoulders) Raised Island e . . .
n _by-
2 (V = 50 mph) Project-by-Project Basis
e Width 5’ or Shoulder Width, whichever is greater
o Bicycle Lane 15-4.0
Cross Slope 2%
Bridge Width/Cross Slope X 2-7.02 See Figure 2-7B for Width; Meet Roadway Cross Slope Sidewalk Width: 5'-6"
Underpass Width 10-4.02 Meet Approach Roadway Width Plus Clear Zones
Right-of-Way Width 10-5.0 Project-by-Project Basis
Roadside Clear Zones X 2-9.01 Figure 13-2A or R/W width, whichever is less
Fill/Cut Slopes 10-2.02 Existing — See Figure 4G

* Controlling design criteria (see Section 6-5.0).
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Figure 2-3A (Continued)

MULTI-LANE RURAL ARTERIALS
(3R Projects)

. Manual Design Values (Based on Design Speed)
Design Element * .
Section 60 mph 55 mph 50 mph
Stopping Sight Distance X 7-1.0 570’ 495’ 425’
Maneuver 990’ 865’ 750
Decision Sight Distance 7-2.0
Stop 610’ 535’ 465’
Minimum Radius (e = 6.0%) X 2-5.01 See Section 2-5.01
€max 6.0%
Superelevation 2-5.01
Rate X See Section 2-5.01
g Horizontal Sight Distance 8-2.04 See Section 8-2.04
(]
% Maximum Grade X 2-6.01 6% 7% 7%
'S Minimum Grade 9-2.03 0.5%
£
c .
%:_3’ Vertical Curvature Crest 2-6.02 See Section 2-6.02
(K-value) Sag 2-6.03 136 115 96
New Highway Bridge X 16'-3"
Minimum Vertical Existing Highway Bridge X 14'-3"
Clearance:
Arterial Under ... Pedestrian Bridge X 9-4.0 17'-6"
Overhead Sign X 18'-0"
Minimum Vertical Clearance X Electrified: 22'-6"
(Arterial over Railroad) All Others: 20'-6"

* Controlling design criteria (see Section 6-5.0).
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Figure 2-3B

TWO-LANE RURAL ARTERIALS
(3R Projects)

. Manual Design Values (by Type of Roadside Development)
Design Element * . - - -
Section Open Moderate Density High Density
Typical Number of Access Points/Miles/Side 6-1.03 0-15 15-30 >30
0
g Design Forecast Year 2-4.02 Current — 10 years Current — 10 years Current — 10 years
c
]
%:’ Design Speed X 2-4.01 See Section 2-4.01 See Section 2-4.01 See Section 2-4.01
2
] Control of Access 6-4.0 Partial/Control by Regulation Control by Regulation Control by Regulation
a}
Level of Service 6-3.0 B-C B-C B-C
Travel Lane Width X 2-7.01 See Figure 2-7A
- 2-7.01 _—y _—y e
Shoulder Width X 10-1.02 4'-8 4'-8 4'-8
Travel Lane X 10-1.01 1.5-2.0% 1.5-2.0% 1.5-2.0%
Typical Cross Slope Un -
curbed: 4%
- 0 0
2 Shoulder X 10-1.02 4% 4% Curbed: 6%
=
g Lane Width X 1’ Less Than Travel Lane Width — Same as Travel Lane
% Turn Lanes 10-1.03
p Shoulder Width X 2 -4
o
o Width 5’ or Shoulder Width, whichever is greater
@ ]Bicycle Lane 15-4.0
4 Cross Slope 2%
3]
Bridge Width/Cross Slope X 2-7.02 See Figure 2-7B for Width; Meet Roadway Cross Slope Sidewalk Width: 5'-6"
Underpass Width 10-4.02 Meet Approach Roadway Width Plus Clear Zones
Right-of-Way Width 10-5.0 Project-by-Project Basis
Roadside Clear Zones X 2-9.01 Figure 13-2A or R/W width, whichever is less
Fill/Cut Slopes 10-2.02 Existing — See Figure 4G

* Controlling design criteria (see Section 6-5.0).
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Figure 2-3B (Continued)
TWO-LANE RURAL ARTERIALS

(3R Projects)

. Manual Design Values (Based on Design Speed)
Design Element * .
Section 60 mph 55 mph 50 mph 45 mph
Stopping Sight Distance 7-1.0 570’ 495’ 425' 360’
Maneuver 990’ 865’ 750’ 675’
Decision Sight Distance 7-2.0
Stop 610’ 535’ 465' 395’
Minimum Radius X 2-5.01 See Section 2-5.01
€max 6.0%
Superelevation 2-5.01
Rate X See Section 2-5.01
*2 Horizontal Sight Distance 8-2.04 See Section 8-2.04
()
£
uij Maximum Grade X 2-6.01 6% 7% 7% 8%
é Minimum Grade 9-2.03 0.5%
c
(2] - i -
2 Vertical Curvature Crest 2-6.02 See Section 2-6.02
(K-value) Sag 2-6.03 136 115 %6 79
New Highway Bridge X 16'-3"
Minimum Vertical Existing Highway Bridge X 14'-3"
Clearance:
Arterial Under ... Pedestrian Bridge X 9-4.0 17'-6"
Overhead Sign X 18'-0"
Minimum Vertical Clearance « Electrified: 22'-6”
(Arterial over Railroad) All Others: 20'-6"

* Controlling design criteria (see Section 6-5.0).
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Figure 2-3C

RURAL COLLECTOR ROADS
(3R Projects)

) Manual Design Values (by Type of Roadside Development)
Design Element * . - - -
Section Open Moderate Density High Density
Typical Number of Access Points/Mile/Side 6-1.03 0-15 15-30 >30
Design Forecast Year 2-4.02 Current — 10 years Current — 10 years Current — 10 years
c o AADT < 400 Posted Legal Speed Limit Posted Legal Speed Limit Posted Legal Speed Limit
Sy .
g £ | Design Speed AADT: 400 — 2000 X 2-4.01 40 — 50 mph 40 — 50 mph 40 — 50 mph
o
0o AADT > 2000 See Section 2-4.01 See Section 2-4.01 See Section 2-4.01
Control of Access 6-4.0 Control by Regulation Control by Regulation Control by Regulation
Level of Service 6-3.0 C-D C-D Cc-D
AADT < 400
i AADT: 400 — 1500 ) . .
Travel Lane Width X 2-7.01 See Figure 2-7A See Figure 2-7A See Figure 2-7A
AADT: 1500 — 2000
AADT > 2000
) 2-7.01 D o D o o
Shoulder Width X 10-1.02 2'-8 2'-8 2'-8
@ Travel Lane X 10-1.01 1.5 - 2.0% for lanes adjacent to crown; 2.0% for lanes away from crown
= .
% Typical Cross Slope Shoulder (W < 4') Same as Adjacent Travel Lane
= Uncurbed: 4% Uncurbed: 4%
L > A" -1. 0,
= Shoulder (W= 4) x | 10-1.02 4% Curbed: 6% Curbed: 6%
3 Lane Width X 1’ Less than Travel Lane Width — Same as Travel Lane
$ | Turn Lanes - 10-1.03
* Shoulder Width X 2 -4
0
e ) Width 5’ or Shoulder Width, whichever is greater
O |Bicycle Lane 15-4.0
Cross Slope 2%
Bridge Width/Cross Slope X 2-7.02 See Figure 2-7B for Width; Meet Roadway Cross Slope Sidewalk Width: 5’-6"
Underpass Width 10-4.02 Meet Approach Roadway Width Plus Clear Zones
Right-of-Way Width 10-5.0 Project-by-Project Basis
Roadside Clear Zones X 2-9.01 Figure 13-2A or R/W width, whichever is less
Fill/Cut Slopes 10-2.02 Existing — See Figure 4G

* Controlling design criteria (see Section 6-5.0).
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Figure 2-3C (Continued)

RURAL COLLECTOR ROADS
(3R Projects)

. Manual Design Values (Based on Design Speed)
Design Element * .
Section 55 mph 50 mph 45 mph 40 mph 35 mph
Stopping Sight Distance X 7-1.0 495’ 425' 360’ 305’ 250’
Maneuver 865’ 750’ 675 600’ 525'
Decision Sight Distance 7-2.0
Stop 535’ 465’ 395 330’ 275’
Minimum Radius X 2-5.01 See Section 2-5.01
€max 6.0%
" Superelevation 2-5.01
£ Rate X See Section 2-5.01
[}
IS
ﬁ Horizontal Sight Distance 8-2.04 See Section 8-2.04
é Maximum Grade X 2-6.01 9% 9% 10% 10% 11%
c
= Minimum Grade 9-2.03 0.5%
<
Vertical Curvature Crest 2-6.02 See Section 2-6.02
(K-value) Sag 2-6.03 115 %6 79 64 49
Minimum Vertical New Highway Bridge X 14'-6"
Clearance:
Collector Under ... Existing Highway Bridge X 9-4.0 14'-3"
Minimum Vertical Clearance « Electrified: 22'-6”
(Collector over Railroad) All Others: 20'-6"

* Controlling design criteria (see Section 6-5.0).
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Figure 2-3D

RURAL LOCAL ROADS
(3R Projects)

. Manual Design Values (by Type of Roadside Development)
Design Element . - - -
Section Open Moderate Density High Density
Typical Number of Access Points/Mile/Side 6-1.03 0-15 15-30 >30
0
g Design Forecast Year 2-4.02 Current — 10 years Current — 10 years Current — 10 years
c
]
%:’ Design Speed 2-4.01 Posted Legal Speed Limit Posted Legal Speed Limit Posted Legal Speed Limit
2
é Control of Access 6-4.0 Control by Regulation Control by Regulation Control by Regulation
Level of Service 6-3.0 C-D C-D C-D
Travel Lane Width 2-7.01 9 -12' 9 -12 9 -12
; 2-7.01 o o o
Shoulder Width 10-1.02 0-4 0-4 0-4
Travel Lane 10-1.01 1.5-2.0% 1.5-2.0% 1.5-2.0%
Typical Cross Slope Shoulder (W < 4) Same as Adjacent Travel Lane
Uncurbed: 4% Uncurbed: 4%
' - 0
*2 Shoulder (W > 4) 10-1.02 4% Curbed: 6% Curbed: 6%
£ Lane Width o 12
& | Tum Lanes 10-1.03
c Shoulder Width 0-2
i)
3 Width 5’ or Shoulder Width, whichever is greater
ﬁ Bicycle Lane 15-4.0
8 Cross Slope 206
]
Bridge Width/Cross Slope 2-7.02 See Figure 2-7B for Width; Meet Roadway Cross Slope Sidewalk Width: 5'-6"
Underpass Width 10-4.02 Meet Approach Roadway Width Plus Clear Zones
Right-of-Way Width 10-5.0 Project-by-Project Basis
Roadside Clear Zones 2-9.01 Figure 13-2A or R/W width, whichever is less
Fill/Cut Slopes 10-2.02 Existing — See Figure 4G

* Controlling design criteria (see Section 6-5.0).
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Figure 2-3D (Continued)

RURAL LOCAL ROADS
(3R Projects)

. Manual Design Values (Based on Design Speed)
Design Element * .
Section 50 mph 45 mph 40 mph 35 mph 30 mph 25 mph 20 mph
Stopping Sight Distance 7-1.0 425’ 360’ 305’ 250’ 200’ 155’ 115’
Maneuver 750 675’ 600 525' 450’
Decision Sight Distance 7-2.0 N/A N/A
Stop 465’ 395 330 275’ 220
Minimum Radius 2-5.01 See Section 2-5.01
€max 6.0%
" Superelevation 2-5.01
£ Rate See Section 2-5.01
Q
IS
ﬁ Horizontal Sight Distance 8-2.04 See Section 8-2.04
é Maximum Grade 2-6.01 10% 11% 12% 12% 12% 13% 13%
c
2 | Minimum Grade 9-2.03 0.5%
<
Vertical Curvature Crest 2-6.02 See Section 2-6.02
(K-value) Sag 2-6.03 96 79 64 49 37 26 17
Minimum Vertical New Highway Bridge 14'-6"
Clearance:
Local Road Under ... Existing Highway Bridge 9-4.0 14'-3"
Minimum Vertical Clearance Electrified: 22'-6”
(Local Road over Railroad) All Others: 20'-6"

* Controlling design criteria (see Section 6-5.0).
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Figure 2-3E

MULTI-LANE PRINCIPAL URBAN ARTERIALS
(3R Projects)

. Manual Design Values (by Type of Area)
Design Element * .
Section Suburban Intermediate Built-up
» Design Forecast Year 2-4.02 Current — 10 years Current — 10 years Current — 10 years
% Design Speed X 2-4.01 See Section 2-4.01 See Section 2-4.01 See Section 2-4.01
é Access Control 6-4.0 Partial/Control by Regulation Control by Regulation Control by Regulation
2 | Level of Service 6-3.0 B-D B-D B-D
8 On-Street Parking 10-1.04 None None Sometimes
Travel Lane Width X 2-7.01 11" - 12 11" - 12 10 - 12
Right (Non-NHS) X 2'-g 2'-g 2'-g
Shoulder Width Right (NHS) X 120'_71'_0012 a_g 4_g 4-g
Left (All) X 2 -4 2 -4 2 -4
Travel Lane X 10-1.01 1.5 - 2.0% for lanes adjacent to crown; 2.0% for lanes away from crown
Cross Slope Shoulder (W < 4) X 10-1.02 Same as Adjacent Travel Lane
Shoulder (W > 4') X 4% — 6% 4% — 6% 4% — 6%
*2 Lane Width X 1’ Less than Travel Lane Width — Same as Travel Lane
g Turn Lanes Shoulder Width X 10-1.03 1'-4 1'-4 1 -4
Kt
Lé‘ Parking Lane Width 10-1.04 N/A N/A 10" - 11
"é Median Width Depressed 1030 Project-by-Project Basis
@ | (includes Left Shoulders) Raised Island (V < 50 mph) Project-by-Project Basis
g Sidewalk Width 10-2.01 5’ Minimum 5’ Minimum 5’ Minimum
Bicycle Lane Width 15-4.0 > > >
Cross Slope 2% 2% 2%
Bridge Width/Cross Slope X 2-7.02 See Figure 2-7B for Width; Meet Roadway Cross Slope Sidewalk Width: 5'-6"
Underpass Width 10-4.02 Meet Approach Roadway Width Plus Clear Zones
Right-of-Way Width 10-5.0 Project-by-Project Basis
Roadside Clear Zones X 2-9.01 See Section 2-9.01
Fill/Cut Slopes 10-2.02 Existing — See Figure 5H

* Controlling design criteria (see Section 6-5.0).

(oT)e-2

S103r0dd AVM3IFH4-NON €

£00¢ 1aquiadaq



Figure 2-3E (Continued)
MULTI-LANE PRINCIPAL URBAN ARTERIALS

(3R Projects)

. Manual Design Values (Based on Design Speed)
Design Element * .
Section 60 mph 55 mph 50 mph 45 mph 40 mph 35 mph 30 mph
Stopping Sight Distance X 7-1.0 570’ 495’ 425' 360’ 305’ 250 200’
Maneuver U: 1280" | U: 1135 | U: 1030 u: 930 uU: 825 u: 720 U: 620
Decision Sight Distance 720 SU: 1125’ | SU: 980’ SuU: 890’ SuU: 800’ SuU: 715 SU: 625 SU 535
Stop 1150 1030’ 910’ 800’ 690’ 590’ 490’
- . 2-5.01 . 715 535 375 250’
M R tion 2-5.01
inimum Radius X 2.5.02 See Section 2-5.0 (e = 4%) (e = 4%) (e = 4%) (e = 4%)
€max 2.5.01 6.0% 6.0% 6.0% 4.0% 4.0% 4.0% 4.0%
Superelevation 5 5'02
Rate X e See Section 2-5.01 See Figure 8-3C
[2]
$ | Horizontal Sight Distance 8-2.04 See Section 8-2.04
£
,_,ij Maximum Grade X 2-6.01 8% 8% 9% 9% 9% 10% 11%
=
g Minimum Grade 9-2.03 0.5%
c
2 .
< Vertical Curvature Crest 2-6.02 See Section 2-6.02
(K-value) Sag 2-6.03 136 115 %6 79 64 49 37
New Highway Bridge X 16'-3"
Minimum Vertical Existing Highway Bridge X 14'-3"
Clearance:
Arterial Under ... Pedestrian Bridge X 9-4.0 17'-6"
Overhead Sign X 18'-0"
Minimum Vertical Clearance X Electrified: 22'-6"
(Arterial over Railroad) All Others: 20'-6"
* Controlling design criteria (see Section 6-5.0). U: Urban SU: Suburban
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Figure 2-3F

(3R Projects)

TWO-LANE PRINCIPAL URBAN ARTERIALS

) Manual Design Values (by Type of Area)
Design Element .
Section Suburban Intermediate Built-up
0 Design Forecast Year 2-4.02 Current — 10 years Current — 10 years Current — 10 years
% Design Speed 2-4.01 See Section 2-4.01 See Section 2-4.01 See Section 2-4.01
[]
g Access Control 6-4.0 Partial/Control by Regulation Control by Regulation Control by Regulation
2 | Level of Service 6-3.0 B-D B-D B-D
e}
On-Street Parking 10-1.04 None None Sometimes
Travel Lane Width 2-7.01 11" - 12 11 - 12 10" - 12
Non-NHS a 2'-g 2-8 2-8
Shoulder Width 2-7.01
NHS 10-1.02 4_g 4_g 4_g
Travel Lane 1.5-2.0% 1.5-2.0% 1.5-2.0%
Cross Slope Shoulder (W < 4) 10-1.01 Same as Adjacent Travel Lane
m Shoulder (W > 4) 4% — 6% 4% — 6% 4% — 6%
& Lane Width 1’ Less than Travel Lane Width — Same as Travel Lane
g Turn Lanes 10-1.03
I Shoulder Width 1" — 4 1 —4 1_a
_§ Parking Lane Width 10-1.04 N/A N/A 10" - 11
(8]
& Sidewalk Width 10-2.01 5’ Minimum 5’ Minimum 5’ Minimum
[2])
8 ‘ Width 5 5 5
(®) Bicycle Lane 15-4.0
Cross Slope 2% 2% 2%
Bridge Width/Cross Slope 2-7.02 See Figure 2-7B for Width; Meet Roadway Cross Slope Sidewalk Width: 5'-6"
Underpass Width 10-4.02 Meet Approach Roadway Width Plus Clear Zones
Right-of-Way Width 10-5.0 Project-by-Project Basis
Roadside Clear Zones 2-9.01 See Section 2-9.01
Fill/Cut Slopes 10-2.02 Existing — See Figure 5I

* Controlling design criteria (see Section 6-5.0).
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Figure 2-3F (Continued)

TWO-LANE PRINCIPAL URBAN ARTERIALS
(3R Projects)

ezoz Arenuer

Desian El " % Manual Design Values (Based on Design Speed)
esign Elemen .
g Section 55 mph 50 mph 45 mph 40 mph 35 mph
Stopping Sight Distance 7-1.0 495’ 425' 360’ 305’ 250’
Maneuver U: 1135 U: 1030’ U. 930 uU: 82% u. 720’
Decision Sight Distance 790 SU: 980’ SuU: 890’ SuU: 800 SuU: 715 SU: 625
Stop 1030’ 910’ 800’ 690’ 590’
- . 2-5.01/ . 715 535’ 375’
Minimum Radius 2.5.02 See Section 2-5.01 (e = 4%) (e = 4%) (e = 4%)
€max 2.5.01/ 6.0% 6.0% 4.0% 4.0% 4.0%
Superelevation 2_5' 02
Rate ) See Section 2-5.01 See Figure 8-3C
[%]
S Horizontal Sight Distance 8-2.04 See Section 8-2.04
IS
ﬁ Maximum Grade 2-6.01 8% 9% 9% 10% 11%
€
g Minimum Grade 9-2.03 0.5%
c
2 .
2 Vertical Curvature Crest 2-6.02 See Section 2-6.02
(K-value) Sag 2-6.03 115 %6 79 64 49
New Highway Bridge 16'-3"
Minimum Vertical Existing Highway Bridge 14'-3"
Clearance:
Arterial Under ... Pedestrian Bridge 9-4.0 17'-6"
Overhead Sign 18'-0"
Minimum Vertical Clearance Electrified: 22'-6”
(Arterial over Railroad) All Others: 20'-6"
* Controlling design criteria (see Section 6-5.0). U: Urban SU: Suburban
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Figure 2-3G

MINOR URBAN ARTERIALS
(3R Projects)

) Manual Design Values (by Type of Area)
Design Element * .
Section Suburban Intermediate Built-up
0 Design Forecast Year 2-4.02 Current — 10 years Current — 10 years Current — 10 years
% Design Speed X 2-4.01 See Section 2-4.01 See Section 2-4.01 See Section 2-4.01
[]
g Access Control 6-4.0 Control by Regulation Control by Regulation Control by Regulation
2 | Level of Service 6-3.0 B-D B-D B-D
e}
On-Street Parking 10-1.04 None Sometimes Sometimes
Travel Lane Width X 2-7.01 11" - 12 10" - 12 10" - 12
Right (Non-NHS) X 2'-g 2-8 2-8
) - 2-7.01 T o T o o
Shoulder Width Right (NHS) X 10-1.02 4'-8 4'-8 4' -8
Left (All) X 2 -4 -4 2 -4
Travel Lane X 10-1.01 1.5 - 2.0% for lanes adjacent to crown; 2% for lanes away from crown
Cross Slope Shoulder (W < 4) X Same as Adjacent Travel Lane
10-1.02
*2 Shoulder (W > 4) X 4% — 6% 4% — 6% 4% — 6%
(]
g Lane Width X 1’ Less than Travel Lane Width — Same as Travel Lane
0 Turn Lanes - 10-1.03
c Shoulder Width X 1 -4 1 -4 1 -4
i)
'g Parking Lane Width 10-1.04 N/A 9 -11' 8 -11
n
@ Sidewalk Width 10-2.01 5’ Minimum 5’ Minimum 5’ Minimum
o
s} Width 5 5 5
Bicycle Lane 15-4.0
Cross Slope 2% 2% 2%
Bridge Width/Cross Slope X 2-7.02 See Figure 2-7B for Width; Meet Roadway Cross Slope Sidewalk Width: 5'-6"
Underpass Width 10-4.02 Meet Approach Roadway Width Plus Clear Zones
Right-of-Way Width 10-5.0 Project-by-Project Basis
Roadside Clear Zones X 2-9.01 See Section 2-9.01
Fill/Cut Slopes 10-2.02 Existing — See Figure 5I

* Controlling design criteria (see Section 6-5.0).

(rT)e-2

S103r0dd AVM3IFH4-NON €

€00¢ 1Isquiadad



Figure 2-3G (Continued)

MINOR URBAN ARTERIALS
(3R Projects)

ezoz Arenuer

S103r0dd AVM3IFH4-NON €

. Manual Design Values (Based on Design Speed)
Design Element * .
Section 50 mph 45 mph 40 mph 35 mph 30 mph
Stopping Sight Distance X 7-1.0 425' 360’ 305’ 250’ 200’
Maneuver U: 1030’ U: 930’ U: 825 U: 720’ U: 620’
Decision Sight Distance 720 SuU: 890’ SuU: 800’ SuU: 715 SU: 625 SU: 535
Stop 910’ 800’ 690’ 590’ 490’
Minimum Radius . 2-5.01/ See Section 715 535’ 375’ 250’
2-5.02 2-5.01 (e = 4%) (e = 4%) (e = 4%) (e = 4%)
_ €max 2.5.01/ 6.0% 4.0% 4.0% 4.0% 4.0%
0 Superelevation o5 02
S Rate X ) See Section 2-5.01 See Figure 8-3C
IS
ﬁ Horizontal Sight Distance 8-2.04 See Section 8-2.04
=
g Maximum Grade X 2-6.01 9% 9% 10% 11% 11%
c
2 | Minimum Grade 9-2.03 0.5%
Vertical Curvature Crest 2-6.02 See Section 2-6.02
(K-value) Sag 2-6.03 %6 79 64 49 37
Minimum Vertical New Highway Bridge X 16'-3"
Clearance: 9-4.0
Arterial Under ... Existing Highway Bridge X 14'-3"
Minimum Vertical Clearance X 9-4.0 Electrified: 22'-6"
(Arterial over Railroad) ' All Others: 20'-6"
* Controlling design criteria (see Section 6-5.0). U: Urban SU: Suburban
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Figure 2-3H

URBAN COLLECTOR STREETS
(3R Projects)

) Manual Design Values (By Type of Area)
Design Element * .
Section Suburban Intermediate Built-up
0 Design Forecast Year 2-4.02 Current — 10 years Current — 10 years Current — 10 years
% Design Speed X 2-4.01 See Section 2-4.01 See Section 2-4.01 See Section 2-4.01
[]
g Access Control 6-4.0 Control by Regulation Control by Regulation Control by Regulation
2 | Level of Service 6-3.0 c-D c-D c-D
e}
On-Street Parking 10-1.04 Sometimes Sometimes Sometimes
Travel Lane Width X 2-7.01 10" - 12 10" - 12 10" - 12
) 2-7.01 Vo Vo Vo
Shoulder Width X 10-1.02 2'-8 2'-8 2'-8
Travel Lane (with curb) 1.5-3.0% 1.5-3.0% 1.5-3.0%
Travel Lane (without curb) X 1.5 — 2.0% for lands adjacent to crown; 2% for lanes away from crown
Cross Slope -
Shoulder (W < 4') X 10-1.01 Same as Adjacent Travel Lane
" Shoulder (W > 4) X 4% — 6% 4% — 6% 4% — 6%
<
g Lane Width X 1’ Less than Travel Lane Width — Same as Travel Lane
[} Turn Lanes 10-1.03
w Shoulder Width X 1 -4 1 -4 1 -4
c
% Parking Lane Width 10-1.04 7 - 10 7 -10 7 -10
Q
ﬂ Sidewalk Width 10-2.01 5’ Minimum 5’ Minimum 5’ Minimum
(%)
o Width 5 5’ 5
O IBicycle Lane 15-4.0
Cross Slope 2% 2% 2%
Bridge Width/Cross Slope X 2-7.02 See Figure 2-7B for Width; Meet Roadway Cross Slope Sidewalk Width: 5'-6"
Underpass Width 10-4.02 Meet Approach Roadway Width Plus Clear Zones
Right-of-Way Width 10-5.0 Project-by-Project Basis
Roadside Clear Zones X 2-9.01 See Section 2-9.01
Fill/Cut Slopes 10-2.02 Existing — See Figure 5|

* Controlling design criteria (see Section 6-5.0).
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Figure 2-3H (Continued)

URBAN COLLECTOR STREETS
(3R Projects)

. Manual Design Values (Based on Design Speed)
Design Element * .
Section 45 mph 40 mph 35 mph 30 mph
Stopping Sight Distance X 7-1.0 360’ 305’ 250’ 200’
Maneuver U: 930’ U:. 825 U:. 720’ U: 620’
Decision Sight Distance 720 SuU: 800’ SuU: 715 SU: 625 SU: 535
Stop 800’ 690’ 590’ 490’
Minimum Radius (e = 4%) X 2-5.02 715 535’ 375’ 250’
€max 4.0% 4.0% 4.0% 4.0%
«» | Superelevation 2-5.02
‘qs:‘J Rate X See Figure 8-3C
IS
ﬁ Horizontal Sight Distance 8-2.04 See Section 8-2.04
é Maximum Grade X 2-6.01 11% 12% 13% 13%
c
% Minimum Grade 9-2.03 0.5%
Vertical Curvature Crest 2-6.02 See Section 2-6.02
(K-value) Sag 2-6.03 79 64 49 37
Minimum Vertical New Highway Bridge X 14'-6"
Clearance: 9-4.0
Collector Under ... Existing Highway Bridge X 14'-3"
Minimum Vertical Clearance « 9-4.0 Electrified: 22'-6”
(Collector over Railroad) ' All Others: 20'-6"
* Controlling design criteria (see Section 6-5.0). U: Urban SU: Suburban
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Figure 2-3|

LOCAL URBAN STREETS
(3R Projects)

) Manual Design Values (By Type of Area)
Design Element * Secii
ection Suburban Intermediate Built-up
Design Forecast Year 2-4.02 Current — 10 years Current — 10 years Current — 10 years
0
% Design Speed X 2-4.01 See Section 2-4.01 See Section 2-4.01 See Section 2-4.01
]
(Z:) Access Control 6-4.0 Control by Regulation Control by Regulation Control by Regulation
(=)}
K Level of Service 6-3.0 C-D C-D C-D
a}
On-Street Parking 10-1.04 Sometimes Sometimes Sometimes
Travel Lane Width X 2-7.01 10" - 11 10" - 11 9 -11
Shoulder Width X 2-7.01 2 -4 -4 2 -4
1.5-2.0% 1.5-2.0% 1.5-2.0%
Travel Lane X 10-1.01 (1.5-3.0% with curbing) (1.5-3.0% with curbing) (1.5-3.0% with curbing)
Cross Slope Shoulder (W < 4') X Same as Adjacent Travel Lane
10-1.02
Shoulder (W > 4) X 4% — 6% 4% — 6% 4% — 6%
g Lane Width X 1’ Less than Travel Lane Width (9’ Min.) — Same as Travel Lane
@ Turn Lanes 10-1.03
g Shoulder Width X 1 -4 1 -4 1 -4
w
s Parking Lane Width 10-1.04 7' =10 7 =11 7 =11
g Sidewalk Width 10-2.01 5’ Minimum 5’ Minimum 5’ Minimum
2 Width 5 5 5
5 Bicycle Lane 15-4.0
Cross Slope 2% 2% 2%
Bridge Width/Cross Slope X 2-7.02 See Figure 2-7B for Width; Meet Roadway Cross Slope Sidewalk Width: 5'-6"
Underpass Width 10-4.02 Meet Approach Roadway Width Plus Clear Zones
Right-of-Way Width 10-5.0 Project-by-Project Basis
Roadside Clear Zones X 2-9.01 See Section 2-9.01
Fill/Cut Slopes 10-2.02 Existing — See Figure 5I

* Controlling design criteria (see Section 6-5.0).
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Figure 2-3I1 (Continued)

LOCAL URBAN STREETS

(3R Projects)

. Manual Design Values (Based on Design Speed)
Design Element * .
Section 30 mph 25 mph 20 mph
Stopping Sight Distance X 7-1.0 200’ 155 115
Maneuver u: . 620, N/A N/A
Decision Sight Distance 7-2.0 SU: 535
Stop 490’ N/A N/A
Minimum Radius (e = 4%) X 2-5.02 250’ 155 90’
€max 4.0% 4.0% 4.0%
«» | Superelevation 2-5.02
‘qs:‘J Rate X See Figure 8-3C
IS
ﬁ Horizontal Sight Distance 8-2.04 See Section 8-2.04
é Maximum Grade X 2-6.01 12% 13% 13%
c
% Minimum Grade 9-2.03 0.5%
Vertical Curvature Crest 2-6.02 See Section 2-6.02
(K-value) Sag 2-6.03 37 26 17
Minimum Vertical New Highway Bridge X 14'-6"
Clearance: 9-4.0
Local Street Under ... Existing Highway Bridge X 14'-3"
Minimum Vertical Clearance « 9-4.0 Electrified: 22'-6"
(Local Street over Railroad) ' All Others: 20'-6"
* Controlling design criteria (see Section 6-5.0). U: Urban SU: Suburban
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December 2003 3R NON-FREEWAY PROJECTS 2-4(1)

2-4.0 DESIGN CONTROLS

Reference: Section 1-1.03.04

2-4.01 Design Speed

Reference: Section 6-2.02

Unless the design speed is specified in Figures 2-3A through 2-3l, use the following procedure
on 3R projects to determine the design speed, which is based on the actual speed measured in
the field:

1. The Division of Traffic Engineering will be requested to provide existing speed studies in
the vicinity of the proposed project. If there are no recent studies available, then field
measurements may be required. The designer should carefully evaluate the speed data
to determine an 85th percentile speed which represents the operating characteristics of a
lengthy segment of the road, not just a short segment near the proposed project.

2. Based on the Department’s adopted traffic engineering practices, the Division of Traffic
Engineering will determine the 85th percentile of the existing traffic speeds.

3. The designer will select the 3R design speed according to Figure 2-4A. This design speed
will be used to evaluate the geometric design features of the existing highway for those
elements based on design speed.

85™" Percentile “V” Design Speed

mph mph

(mp p

0sV<=<20 20
20V <25 20/25
25<V <30 25/30
30sV<35 30/35
35<V<40 35/40
40V <45 40/45
45<V <50 45/50
50<V <55 50/55
55<V <60 55/60
V > 60 60/70

DESIGN SPEEDS FOR 3R PROJECTS
(Based on 85th Percentile Speeds)

Figure 2-4A
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2-4.02 Highway Capacity

Reference: Section 6-3.0

Three major factors determine the results of a capacity analysis. Their specific application to 3R
projects is discussed below:

1. Level of Service (LOS). Figures 2-3A through 2-3I provide the range of LOS criteria for
3R projects.
2. Design Volume. The highway facility should be designed to accommodate the LOS for

the selected DHV and/or AADT. The design volume may range from the current traffic
volumes to ten years beyond the expected construction completion date.

3. Capacity Analysis. The analytical techniques in the Highway Capacity Manual will be used
to conduct the capacity analysis.

2-4.03 Exceptions to Geometric Design Criteria

Reference: Section 6-5.0

The discussion in Section 6-5.0 on exceptions applies equally to the geometric design of 3R
projects. The designer will be evaluating the proposed design against the criteria presented in
Chapter Two.
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2-5.0 HORIZONTAL ALIGNMENT

Chapter Eight discusses horizontal alignment criteria for all highways. These criteria will apply to
3R projects, except where discussed in the following Sections.

2-5.01 Rural Highways and High-Speed Urban Highways

Reference: Section 8-2.0

Figure 2-5A will be used to determine the design speed of an existing horizontal curve. This
should be compared to the 85th percentile speed. In the absence of an adverse crash history, all
existing horizontal curves with a design speed within 15 mph of the 85th percentile speed are
acceptable. No formal design exception is required for horizontal curves within this range;
however, it should be documented in the project files.

Figure 2-5A can be used only to decide if corrective action should be considered. Once the
decision has been made to improve the curve, the designer should use the criteria in Figure 8-2A
to determine the proper combination of curve radius and superelevation to meet the 3R design
speed.

If the existing curve satisfies the above criteria for design speed, the designer will not normally
need to check other details of the horizontal curve (e.g., superelevation transition length,
distribution of superelevation between tangent and curve).

2-5.02 Low-Speed Urban Streets

Reference: Section 8-3.0

Section 8-3.0 discusses horizontal alignment criteria for low-speed urban streets (i.e., design
speed less than or equal to 45 mph), and Figure 8-3C can be used to determine the design speed
of an existing horizontal curve. Once this is determined, the 3R evaluation of the horizontal curve
on a low-speed urban street will be similar to that for rural highways/high-speed urban highways
in Section 2-5.01.



2-5(2)

3R NON-FREEWAY PROJECTS December 2003

67

Sz

IS WYANINEN

47

37

27

[+74

ydw 0%
yow G¥
Sow 08
)
2

EXISTING SUPERELEVATION RATE

=27

=37

HEEA N

-4/

HA N

o]

Example

Given:

Problem:

Solution:

200 400 600 800 1000 1200 1400 1600 1BOO 2000 2200 2400 2600 2B00O 3000 3200 3400 3600 3800 4000 4200

RADIUS (ft)

The 85th percentile speed for the 3R project will be 55 mph. An existing curve
within the project limits has the following data:

R = 1600 ft
e =3.0%

Determine if improvements should be considered.
Using the Figure, the existing curve is adequate for a design speed of 55 mph.

Therefore, no improvement is necessary. Note that if Figure 8-2A was used, the
necessary superelevation rate would be 5.4%.

This figure will be used to determine if an existing horizontal curve is
acceptable. Use Figure 8-2A if any improvements are made to the curve. Use
Figure 8-3C for low-speed urban streets.

RADII FOR RETAINING EXISTING HORIZONTAL CURVES
(3R Projects)

Figure 2-5A
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2-6.0 VERTICAL ALIGNMENT
2-6.01 Grades
Reference: Section 9-2.0

Figures 2-3A through 2-3I present the Department’s criteria for maximum and minimum grades
on 3R projects. The maximum grades are 2% steeper than those for new
construction/reconstruction.

2-6.02 Crest Vertical Curves

Reference: Section 9-3.02

Section 9-3.02 presents the Department’s criteria for the design of crest vertical curves. This
information will be used to determine the design speed of an existing crest vertical curve, which
will then be compared to the 85th percentile speed. The following summarizes the 3R design
criteria for crest vertical curves:

1. Crest Vertical Curves. Inthe absence of an adverse crash history, all existing crest vertical
curves with a design speed within 15 mph of the 85th percentile speed are acceptable.
No formal design exception is required for crest vertical curves within this range; however,
it should be documented in the project files.

2. Angle Points. It is acceptable to retain an existing “angle” point (i.e., no vertical curve) of
1% or less.

If the decision is made to flatten the crest vertical curve, the designer should reconstruct the curve
to meet the criteria for new construction/reconstruction in Section 9-3.02.

2-6.03 Sag Vertical Curves

Reference: Section 9-3.03

Section 9-3.03 presents the Department’s criteria for the design of sag vertical curves for new
construction and reconstruction. These criteria are based on designing the sag to allow the
vehicle’s headlights to illuminate the pavement for a distance equal to the stopping sight distance
for the design speed. For 3R projects, the following will apply:

1. Evaluation. The comfort criteria represent the minimum criteria for the retention of an
existing sag vertical curve. Figure 2-6A presents the comfort criteria. If an existing sag
does not meet these criteria, then the designer should consider flattening the sag vertical
curve.

2. Corrective Action. If the decision is made to flatten the sag, the design should meet the
criteria for headlight sight distance in Section 9-3.03. As an alternative, the re-designed
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sag may meet the comfort criteria in Figure 2-6A, if there is proper illumination of the sag
vertical curve.

3. Angle Points. It is acceptable to retain an existing “angle” point (i.e., no vertical curve) of
1% or less.
Design Speed K-Values
(mph) K =V?/46.5
20 9
25 14
30 20
35 27
40 35
45 44
30 54
55 65
60 78

K-VALUES FOR SAG VERTICAL CURVES
(3R Projects)

Figure 2-6A
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2-7.0 CROSS SECTIONS
2-7.01 Widths
Reference: Chapters Four and Five

Chapters Four and Five present the Department’s criteria for cross section elements for new
construction and reconstruction. Figure 2-7A presents the travel lane widths for rural 3R
collectors and arterials. The Figures in Section 2-3.0 present the shoulder widths for rural 3R
projects and present the travel lane and shoulder widths for urban 3R projects. In general, the
3R widths have been established considering the minimum acceptable width for the element from
an operational and safety perspective; considering what will be available for a practical
improvement on a “typical” 3R project; and considering that, in general, it is better to improve
more miles to a lower level than to improve fewer miles to a higher level. All of these
considerations are consistent with the overall objectives of the Department’s 3R program.

Design Year Functional Design Speed Lane Width
AADT Class (mph) T>10% T<10%
<45 10’ 9
1-750 Collector/Arterial
> 45 10’ 10’
<45 11’ 10’
Collector
> 45 11’ 11’
750 — 1500
<45 11’ 10’
Arterial
> 45 12’ 11’
<45 11’ 10’
1500 — 2000 Collector/Arterial
> 45 12’ 11’
> 2000 Collector/Arterial All 12’ 12’

Note: T = Trucks

TRAVEL LANE WIDTHS
(Rural 3R Projects)

Figure 2-7A
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2-7.02 Bridges

Reference: Section 10-4.01

2-7.02.01 Bridge Rehabilitation

A bridge or several bridges may be within the limits of the 3R project. The bridge structure may
be partially or entirely rehabilitated as part of the 3R project and shall be designed in accordance
with the Bridge Design Manual. Itis desirable to carry the full approach width, including shoulders,
across the structure. Note: CGS 13a-86 requires a minimum bridge width of 28 ft on any two-
lane highway maintained by the Commissioner, exclusive of any sidewalk width. No exceptions
to this criterion will be allowed on State-maintained highways unless, in the judgment of the
Commissioner, a lesser width is warranted. The criterion in CGS 13a-86 does not apply to bridges
on highways maintained by a municipality.

Items #2 and #3 in Section 2-7.02.02 also apply.

2-7.02.02 Bridges to Remain in Place

If an existing bridge is structurally sound and if it meets the Department’s design loading structural
capacity, it is unlikely to be cost effective to propose geometric improvements to the bridge.
However, the geometric deficiencies may be severe, and/or there may be an adverse crash
experience at the bridge. Therefore, the following will apply to all bridges to remain in place:

1. Width. The width of the existing bridge should be evaluated against the criteria in Figure
2-7B. If the existing bridge does not meet these criteria, it should be evaluated for
widening, including a review of the crash experience at the bridge.

2. Narrow Bridges. All bridges that are narrower than the approach roadway width (including
shoulders) should be evaluated for special narrow bridge treatments. At a minimum, the
signing and pavement markings must meet the criteria of the MUTCD. In addition, NCHRP
203 Safety at Narrow Bridge Sites provides criteria specifically for narrow bridges (e.g.,
special pavement markings). The designer, in coordination with the Division of Traffic
Engineering, should evaluate the value of these additional treatments at the bridge site.

3. Bridge Rails and Parapets, Approach Guiderail Transitions and Bridge Attachments. All
existing bridge rails and/or parapets, approach guiderail transitions, and bridge
attachments on the project should be evaluated to determine if they are structurally
adequate and/or meet the Department’s current criteria. See guidance established in
Chapter Thirteen.
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Design Year Functional Clear Bridge Width
AADT Class (Note 1)
0-750 All Approach Traveled Way Width
Local/Collector vAvE?crr?:\fgr-li-:nglsed Way Width Plus 2’ or 22
750 — 1500 :
Arterial Approach Traveled Way Width Plus 2
Local/Collector vAvE?crr?:\fgr-li-:nglsed Way Width Plus 2’ or 24
1500 — 2000 :
Arterial Approach Traveled Way Width Plus 2
2000 — 4000 All Approach Traveled Way Width Plus 4’
Local/Collector VAVEF;?:\TQr'Ii'SrallZZ:ISed Way Width Plus 4’ or 28
> 4000 :
Arterial Approach Traveled Way Width Plus 4’
Notes:
1. Clear Bridge Width. The width between curbs or rails, whichever is less.
2. Long Bridges (Locals/Collectors). For bridges on these facilities with a total length greater

than 100 ft, the widths in the table do not apply. These structures should be analyzed
individually considering the existing width, safety, traffic volumes, remaining structural life,
design speed, costs to widen, etc.

WIDTHS FOR EXISTING BRIDGES TO REMAIN IN PLACE
(3R Projects)

Figure 2-7B
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2-7.03 Climbing Lanes

Reference: Section 9-2.0

The design criteria in Section 9-2.0 will apply to existing or proposed climbing lanes within the
limits of 3R projects; however, the following criteria are acceptable for 3R projects:

1. Lane Width. The minimum width of the climbing lane will be 11 ft.
2. Shoulder Width. The minimum width of the shoulder adjacent to the climbing lane will be
4 ft.

2-7.04 Other Cross Section Elements

Reference: Chapters Four, Five and Ten

These Chapters provide the Department’s criteria and details for many other cross section
elements, including:

location and type of parking lanes,

warrants for and types of curbs,

warrants for and design of sidewalks,

slope rounding,

roadside ditches,

median type, and

N o g b~ Db

fill and cut slopes.

The designer should evaluate the cross section of the existing highway or street and, as part of
the 3R project, should make any improvements that are considered cost effective. Some of the
design information in Chapter Ten applies directly to 3R projects (e.g., warrants for curbs and
sidewalks); some of the design information will only apply if practical (e.g., slope rounding).
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2-8.0 SPECIAL DESIGN ELEMENTS
2-8.01 General
Reference: Chapter Fifteen

Chapter Fifteen provides the Department’s criteria and design details for many special design
elements. The designer should review this Chapter to determine if these criteria apply to the 3R
project. For example, Section 15-5.0 presents information on landscaping. Aesthetics can play
a significant role in the community’s acceptance of a roadway improvement. Designers should
aim to preserve or restore as much of the existing landscape as practical. Chapter Fifteen
provides the necessary tools and references that should be considered to maintain or improve
the visual quality of the roadway.

2-8.02 Traffic Calming

Traffic calming measures (TCM) consist of a variety of techniques and treatments designed to
mitigate the impacts of vehicular travel. Traffic calming is typically limited to municipal streets but
may be considered on State-maintained facilities off the NHS. TCMs typically refer to an
assortment of physical features placed within the limits of the roadway environment including; but
not limited to the following:

intersection diverters,

roundabouts,

channelization,

speed humps,

speed tables,

street narrowing,

angle point/chicanes,

driveway links,

© ©® N o g > 0w DR

gateway/perimeter treatments, and

=
©

street closure.

Municipalities that have developed TCM guidelines may explore traffic calming strategies on a
project-by-project basis. An effective traffic calming strategy may integrate more than one TCM
into a comprehensive traffic-calming program for the study area. Additional information on traffic
calming strategies and measures can be found in several online sources such as ITE, FHWA and
TRB websites.
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2-9.0

ROADSIDE SAFETY

2-9.01 Clear Zones

Reference: Section 13-2.0

2-9.01.01 Basic 3R Criteria

Section 13-2.0 presents the Department’s criteria for roadside clear zones on new construction
and reconstruction projects. The designer should make every reasonable effort to provide a clear
zone equal to the criteria in Section 13-2.0 for 3R projects. However, attempting to achieve a
roadside clear zone on a 3R project can cause significant problems. The roadside environment
is typically cluttered with any number of natural and man-made obstacles. To remove or relocate
these obstacles can present formidable problems and public opposition, and it can be very costly.
On the other hand, the designer cannot ignore the consequences to a run-off-the-road vehicle.
Therefore, the designer must exercise considerable judgement when determining the appropriate
clear zone on the 3R project. The designer should consider the following:

1.

Application. The designer may consider a selective application of the roadside clear zone
criteria. Along some sections of highway, it may be practical to provide the clear-zone
criteria from Section 13-2.0; along other sections, it may be impractical. In addition, some
obstacles will be more hazardous than others. Judgement will be necessary for the
application of the clear zone criteria. For 3R projects, the criteria in Section 13-2.0 may
be modified as follows:

a. On urban and rural collectors and local roads where the 3R design speed is 45
mph and below, the minimum clear zone should be 10 ft. If practical, the clear
zone should be increased where the side slope is 1:6 or steeper. The criteria in
Section 13-2.0 can be used to determine the applicable adjustments.

b. It will often be impractical on 3R projects to obtain additional right-of-way
specifically to meet the criteria in Section 13-2.0 or, sometimes, even the minimum
clear zone criteria noted above. The designer should use his/her engineering
judgement on whether or not to purchase right-of-way to meet the criteria in
Section 13-2.0 as modified above or use the existing right-of-way line for the
minimum clear zone criteria. See further discussion on design exceptions below.

Crash Data. The designer should review the crash data to estimate the extent of the
roadside safety problem. In particular, there may be sites where clusters of run-off-the-
road crashes have occurred.

Utilities. Utility poles are a common roadside obstacle on 3R projects. Relocation is
required when the utility poles physically conflict with the proposed construction. The
designer should evaluate, consider, and apply engineering judgement when there is a
safety benefit for relocating utility poles that are not impacted by the proposed construction
on a project-by-project basis. Poles should be located as near as practical to the right-of-
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way line. In restricted right-of-way areas, every effort should be made to provide the clear
zone used in design. The use of armless single-pole construction with vertical
configuration of wires and cables and/or other special construction, as may be appropriate,
should be considered. In urban areas, the designer should also consider burying the
utilities underground when relocation is impractical.

4. Public. Public acceptance of widened clear zones can be a significant issue, especially
when the removal of trees is being considered. The designer must evaluate the
community impact and subjectively factor this into the decision-making process.

5. Safety Appurtenances. Installing guiderail or impact attenuators is an alternative to
providing a wider clear zone. Section 13-3.0 presents warrants for guiderail, and Section
13-10.0 presents warrants for impact attenuators. However, this can lead to lengthy runs
of guiderail along the roadside. The designer should understand that guiderail warrants
are based on the relative severity between a hazard and guiderail; they are not intended
to justify the cost-effectiveness of guiderail installation. Therefore, on 3R projects,
engineering judgement should be used to determine if guiderail should be installed to
shield a hazard within the clear zone. See Section 2-9.02 for more discussion.

6. Design Exceptions: For the purpose of deciding when a design exception is necessary,
the proposed clear zone will be measured against Section 13-2.0, as modified by #1(a)
above, or against the existing right-of-way, whichever is less. If the clear zone used in
design is the existing right-of-way line and if existing utility poles are as near as practical
to the right-of-way line, then the utility poles can intrude into the clear zone without the
need for a design exception.

2-9.01.02 Rock Removal

Because of the often-considerable expense to remove rock to meet the Department’s roadside
clear zone criteria, the Department has adopted a policy specifically for this design element. If
the costs and associated impacts with removing rock to meet the 3R clear zone criteria are
insignificant, the designer should implement the improvement. If, however, there are negative
impacts and/or the costs are significant, the designer should evaluate the following factors:

1. Project Scope. Based on the overall project objectives, the designer should judge if the
potential benefits and costs of the rock removal are consistent with the project scope of
work.

2. Crash Data. The designer should review the crash data along the 3R project route to

identify the specific roadside hazards related to the presence of rock.

3. Other Benefits. The rock removal may generate benefits other than those for roadside
safety. These include:

a. improving intersection sight distance;
b. improving sight distance around horizontal curves; or
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c. improving any rock stability, ground water and/or icing problems.
Any additional benefits should be considered when determining the extent of rock removal.

4. Alternative Improvements. Where the designer determines that the existing rock presents
a significant roadside hazard, the designer should consider alternative improvements in
lieu of rock removal. These include:

a. installing concrete barrier or guiderail, and

b. providing a positive slope with rounding at its toe up to the face of the rock (i.e.,
1:4 or steeper) to provide limited vehicular redirection.

5. Application. If rock is within the clear zone and more than 18 ft from the edge of traveled
way, the CTDOT Design Exception Committee will review the case and will either:

a. determine that rock removal is appropriate because of its crash potential, or
b. grant a design exception of the clear zone criteria.

Designers should also document and evaluate the existing rock face for potential flaking and/or
falling debris due to rock instability or icing conditions. The designer should consider the need
for roadside barrier protection, not only to provide a catchment area between the roadway and
the rock face but also to re-direct run-off-the-road vehicles away from any potential debris. This
should be documented in the project file and verification sought from the Design Exceptions
Committee.

2-9.02 Safety Appurtenances

Reference: Chapter Thirteen

During the design of a 3R project, all existing safety appurtenances should be examined to
determine if they meet the Department’s current safety performance and design criteria. This
includes guiderail, median barriers, end treatments, sign supports, luminaire supports, etc.
Normally, all existing safety appurtenances will be upgraded to meet the most recent criteria in
accordance with the guidance established in Chapter Thirteen. Chapter Thirteen also presents
the Department’s criteria for the layout of guiderail, median barriers and end treatments.

Guiderail warrants on 3R projects can be especially difficult to resolve. Basically, the evaluation
process is as follows:

1. Determine if guiderail is warranted in accordance with Section 13-3.0. However, also see
Iltem #5 in Section 2-9.01.01. As part of this process, the designer must decide if the
guiderail will create a greater hazard than the obstacle that it is shielding.

2. If an existing run of guiderail is located where none is warranted, remove the guiderail.
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If guiderail is warranted, consider removing or relocating the hazard; reducing the hazard
(e.g., flattening a slope); or making it breakaway.

If the hazard cannot be eliminated and guiderail is considered cost effective, then install
guiderail. For existing runs of guiderail, ensure that they meet the applicable performance
and design criteria, including:

a.

c

L

operational acceptability (hardware, height, etc.) in accordance with Section 13-
4.0,

dynamic deflection criteria,
length of need,

flare rate,

lateral placement, and

placement on slopes and behind curbs.
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2-10.0 INTERSECTIONS AT-GRADE
Reference: Chapter Eleven

Chapter Eleven provides criteria for the detailed design of intersections at-grade. Where practical,
these criteria apply to 3R projects and should be implemented. The following Sections indicate
areas where modifications to the intersection criteria may be made for 3R projects.

2-10.01 Intersection Sight Distance

Reference: Section 11-2.0

The criteria in Section 11-2.0 on intersection sight distance will apply to 3R projects.

2-10.02 Turning Radii

Reference: Section 11-3.0

Section 11-3.0 presents criteria for the selection of a design vehicle, for acceptable
encroachment, and for turning radii criteria at intersections. Where practical, these criteria should
be met on 3R projects and, typically, this is practical in rural areas. However, in urban areas,
space limitations and existing curb radii have a significant impact on selecting a practical design
for right-turning vehicles. The designer should consider the following when determining the
appropriate right-turn treatment for urban intersections on 3R projects:

1. Simple radii of 15 to 25 ft are adequate for passenger vehicles. These radii may be
retained on 3R projects on existing streets and arterials at:

a. intersections with minor roads where very few trucks will be turning;

b. intersections where the encroachment of SU and semitrailer vehicles onto adjacent
lanes is acceptable (Section 11-3.03); and

c. intersections where a parking lane is present on one or more approach legs, and
the parking lane is set back at a sufficient distance away from the intersection, and
the parking lane is available for use throughout the day.

2. Where practical, simple radii of 30 ft or simple radii with tapers (for an SU design vehicle)
should be used at all major intersections and at all minor intersections with some truck
turning volumes.

3. At intersections where semitrailer combinations and buses turn frequently, a simple radius
of 40 ft or more should be provided. Preferably, the designer will use a radius with taper
offsets for the selected design vehicle.
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2-10.03 Auxiliary Turning Lanes

Reference: Section 11-5.0

Section 11-5.0 presents warrants for right-turn and left-turn lanes. These criteria apply to 3R
projects. Section 11-5.0 also presents design details for auxiliary turning lanes, and these should
be met for 3R projects. However, in urban areas these criteria may be impractical because of
restricted conditions. In these cases, the designer will provide the best design practical for the
existing field conditions.

2-10.04 Driveway Design

Reference: Section 11-8.0

The criteria in Section 11-8.0 on driveway design will apply to 3R projects.
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Chapter Three

GEOMETRIC DESIGN OF EXISTING
HIGHWAYS

(Freeway Projects) (Spot Improvements)
(Preservation/Preventive Maintenance Projects)

Chapter Three presents the Department’s criteria for the geometric design of existing highways
for the following project types:

1. freeway projects,
2. spot improvements on non-freeways, and
3. preservation/preventive maintenance projects.

For projects on the Merritt Parkway, the geometric design criteria will be determined on a case-
by-case basis.

Note: 3R criteria do not apply to freeways.

3-1.0 FREEWAY PROJECTS

3-1.01 Background

The Department began construction of its freeway system in the 1950’s and today, the
Connecticut system is nearing completion. The freeway system has introduced a level of
mobility and safety for the traveling public that was unattainable without its special features,
such as full control of access, wide roadway widths and high design speeds.

The freeway system requires periodic repair and upgrading which exceeds the limits of normal
maintenance. In general, these capital improvements are referred to as freeway projects. As
with non-freeway 3R projects, it is often impractical to fully apply new construction criteria to
freeway projects without some qualifications. Therefore, the geometric design of freeway
projects requires special design considerations that are discussed in the following Sections.
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3-1.02 Objectives
The objective of a freeway project is, within practical limits, to return the freeway to its original
level of serviceability or to improve its serviceability to meet current and future demands. This
objective applies to all aspects of the freeway’s serviceability, including:

structural adequacy,

drainage,

level of service for the traffic flow,

1

2

3

4, geometric design,
5 roadside safety, and
6

traffic control.

3-1.03 Approach

Freeway projects are most often initiated to make a specific improvement to the freeway.
Therefore, the Department’'s approach to the geometric design of freeway projects is to
selectively evaluate and improve the existing geometrics. This approach is summarized as
follows:

1. Nature of Improvement. ldentify the specific improvement intended for the freeway
project. For example, geometric improvements might include:

adding through lanes to improve the level of service,

upgrading roadside safety,

increasing the length of one or more acceleration lanes at an interchange,
widening an existing bridge as part of a bridge rehabilitation project, and/or
eliminating a weaving area at an interchange.

® oo o

2. Numerical Criteria. Apply the Department’s new construction criteria specifically to the
geometric design element that is improved, unless it is otherwise addressed in this
chapter for freeway projects. The new construction criteria are presented in Chapters
Four and Five. Chapter Ten discusses cross sections; Chapter Thirteen discusses
roadside safety; and Chapter Twelve presents geometric design criteria for
interchanges.

3. Secondary Impacts. Identify and evaluate any secondary impacts that may be
precipitated by the freeway improvement. For example:

a. The installation of a concrete median barrier may restrict horizontal sight distance.

b. The addition of through lanes on the outside may reduce the available roadside
clear zone to fall below the Department’s allowable criteria.
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c. Pavement rehabilitation may require the adjustment of guiderail height or reduce
the vertical clearance.

4. Other_Improvements. Identify other geometric design deficiencies within the project
limits. The designer will exercise his/her engineering judgment when determining any
other improvements that can be practically corrected without exceeding the intended
project scope of work. For example, when pavement widening is required to improve
acceleration lanes, it may be reasonable to construct additional pavement widening to
improve deficient shoulders at the same time. Where appropriate, the designer should
consider designing temporary widening for M&PT so that it can be used as permanent
shoulder or lane width upgrades. Where a design feature can be improved for a portion
of the project, these improvements should be incorporated.

5. Exceptions. The discussion in Section 6-5.0 on design exceptions applies equally to the
geometric design of Freeway projects. However, it will only apply to the geometric
design of the specific freeway improvement that resulted in project initiation and to any
secondary impacts that may result from the improvement.

3-1.04 Geometric Design of Freeway Projects

As stated in Section 3-1.03, the Department’s design criteria for new construction also apply to
freeway projects. However, the designer must still make certain decisions, and there is some
flexibility that can be applied. These are discussed in the following Sections.

3-1.04.01 Design Speed

Chapters Four and Five present the Department’s criteria for selecting the design speed for new
freeway construction. At a minimum, these apply to freeway projects. However, the designer
may consider that these design speeds are less than the 85th percentile speeds for the project
under design. Therefore, the designer has the option of requesting a speed study from the
Division of Traffic Engineering to determine the 85th percentile speed on the existing freeway.
The designer should follow the procedure in Section 2-4.0 for this determination.

3-1.04.02 Traffic Volumes

Some design elements on freeway projects will require the selection of the DHV (e.g., level of
service) or AADT (e.g., roadside clear zones). The freeway will be designed to meet the
geometric design criteria for traffic volumes determined for 10 to 20 years beyond the expected
construction completion date. It should be noted that for New or Revised Interstate Access
requiring approval from FHWA, the operational analysis for the proposed change in access will
need to be designed to a Design Year which is 20 years after the date when the construction of
the project is scheduled to be complete and open to the traveling public.
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3-1.04.03 Vertical Clearances

For freeway projects, it is desirable to provide the minimum vertical clearance criteria per
Section 9-4.0 over the entire roadway width, including auxiliary lanes and shoulders. However,
it may be cost and/or environmentally prohibitive to meet these criteria. Therefore, when there
is work proposed on the freeway underneath an existing bridge to remain in place or on a
freeway bridge over a non-freeway, the designer should consider the following:

1. Maintain the existing minimum vertical clearances when they are greater than 14’-6”.

2. On structures with vertical clearances less than or equal to 14°-6”, investigate the
feasibility of increasing the minimum vertical clearance to remove the “low clearance”
sign posting.

3-1.04.04 Bridges
The following discusses the Department’s design criteria for bridges on freeway projects:

1. Bridges to Remain in Place. A freeway project may be primarily intended, for example,
to improve the pavement condition over several miles. A bridge or several bridges may
be within the limits of the freeway project. Desirably, the bridge widths will equal the full
approach roadway width, including shoulders. However, this may not be the case. If the
existing bridge is structurally sound and if it meets the Department’s design loading
structural capacity, it is unlikely to be cost effective to improve the geometrics of the
bridge. However, the geometric deficiencies may be severe, and/or there may be an
adverse crash experience at the bridge. In this case, it may be warranted to widen the
bridge as part of the freeway project.

If a bridge remains in place, its minimum width must be equal to the approach traveled
way + 10 ft (right shoulder) + 4 ft (left shoulder); otherwise, a design exception will be
necessary. In addition, existing bridge rails on the project should be evaluated to
determine if they meet the Department’s current safety performance criteria.

2. Bridge Replacement/Rehabilitation. Freeway projects will often include bridge
replacements or bridge rehabilitation and, in some cases, this will be the entire project
scope of work. The following will apply to the geometric design of these projects:

a. Horizontal and Vertical Alignment. For bridge replacement projects, the designer
should evaluate the practicality of realigning the bridge to meet the applicable
alignment criteria for new construction. For bridge rehabilitation projects, it is
unlikely to be cost effective to realign the bridge to correct any alignment
deficiencies.

b. Width. The bridge width should equal the full approach roadway width, including
shoulders, as determined by the criteria in Chapters Four and Five for the most
likely level of future highway improvement on the approaches. If practical, this
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decision should be based on a capacity analysis for the selected DHV at the
selected level of service. This analysis could determine the need for additional
travel lanes and/or the need for wider shoulders. For example, if the predicted
volume of trucks exceeds 250 DDHV, the future shoulder width on the approach
should be 12 ft. Because freeway bridges represent major economic
investments with a longer design life, it may be warranted to provide the wider
widths as part of a bridge replacement or rehabilitation project.

As another example, a capacity analysis may indicate the need for an additional
through lane to meet the level-of-service criteria for the design year. The
decision may be made to widen the bridge as part of the
replacement/rehabilitation project. Until the roadway approach is widened, it may
be necessary to indicate with pavement markings that the additional width on the
bridge cannot be used by through traffic.

3. Length. The length of the freeway bridge determines the width of the underpass for the
facility passing beneath the freeway. Therefore, if practical, the freeway bridge should
be long enough to accommodate any likely future widening of the roadway underneath.
This may involve an assessment of the potential for further development in the general
vicinity of the underpass. The Bureau of Policy and Planning should be consulted for
traffic projections at this area.

4. Bridge Rails and Parapets, Approach Guiderail Transitions and Bridge Attachments. All
existing bridge rails and/or parapets, approach guiderail transitions, and bridge
attachments on the project should be evaluated to determine if they are structurally
adequate and/or meet the Department’s current criteria. See guidance established in
Chapter Thirteen.

3-1.04.05 Safety Appurtenances

One of the objectives of a freeway project may be to upgrade roadside safety along the freeway.
Guiderail warrants and design can present difficult problems (e.g., guiderail height). The
discussion in Section 2-9.0 on 3R non-freeway projects also applies to safety appurtenances on
freeway projects.

3-1.04.06 Interchanges
A freeway project may include proposed work on a freeway interchange. The work may be to

rehabilitate the entire interchange or to make only selective improvements to the interchange
geometrics. Chapter Twelve will be used to design the interchange element.
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3-2.0 SPOT IMPROVEMENTS (NON-FREEWAYS)

3-2.01 Objectives

Spot improvements are intended to correct an identified deficiency at an isolated location on
non-freeways. Occasionally, more than one location is included in a project for design or
construction purposes. This project scope of work is consistent with the Department’s
responsibility to provide a safe driving environment for the motoring public that is free of
unexpected demands on the driver. Experience has demonstrated the benefits of improving
relatively short roadway sections or spot locations with recognized geometric deficiencies to at
least a level consistent with the adjacent highway sections. This will provide drivers with a
facility that is consistent with the principles of driver expectancy.

The deficiency that the spot improvement project will correct may be related to structural,
geometric, safety, drainage or traffic control problems. These projects are not intended to
provide a general upgrading of the highway, unlike projects categorized as new construction,
reconstruction or 3R. For these reasons, a flexible approach is necessary to determine the
appropriate geometric design criteria that will apply to spot improvements.

Spot improvement projects may also be affected by special criteria that may apply to a particular
funding category. Below is an example:

Safety Projects. These projects are intended to provide cost-effective improvements to
sites identified as having an unusually high number of crashes or crash rate. Typical
projects are intersection improvements, flattening a horizontal curve, installing guiderail, or
installing traffic control devices. Most often, projects will only be funded when the B/C
ratio is estimated to be above 1.0. The Division of Traffic Engineering is responsible for
conducting a preliminary evaluation of the site and recommending improvements. When
roadway work is involved, the Office of Engineering is responsible for preparing the
detailed project design.

3-2.02 Approach

The Department has adopted a flexible approach to the geometric design of spot improvement
projects. The following summarizes the approach:

1. Numerical Criteria. The designer should consider the level of improvement that will most
likely be used to upgrade the highway in the future. |If this is deemed to be
reconstruction, then the criteria in Chapters Four and Five for new
construction/reconstruction will provide the frame of reference for the spot improvement.
Chapter Eleven will apply to an intersection project. If a 3R project is considered the
most likely level of improvement, then the criteria in Chapter Two will apply.

2. Design Speed. The design speed of the adjacent sections should be used for the spot
improvement; however, a speed less than the posted speed should not be used. The
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selection of the applicable design speed will be left to the judgment of the designer.
Some factors that may be considered include:

a. the results from a speed study by the Division of Traffic Engineering, if requested,
b. the design speeds for new construction in Chapters Four and Five; and

c. the posted/legal speed limit (this will be a minimum).

Application. The designer should apply the selected criteria specifically to the geometric
improvement related to the objective of the spot improvement project (e.g., install
guideralil, flatten a horizontal curve, add a left-turn lane). In addition, the designer should
evaluate other geometric design deficiencies within the project limits. The designer
should consider improving any severe deficiencies, even if not related to the specific
objective of the spot improvement. The designer will exercise his/her engineering
judgment when determining any other improvements that may be justified.

Exceptions. The design exception process in Section 6-5.0 applies to bridge widths,
underpass widths and vertical clearances on spot improvement projects. For other
geometric design elements, it will only apply to the geometric design of the specific
geometric design improvement that resulted in project initiation, and it will also apply to
any secondary impacts that may result from the improvement. For example, if a spot
improvement is initiated to install an exclusive left-turn lane on the major road, it will not
be necessary to seek a design exception for the intersection sight distance (ISD) if the
ISD does not meet the Department’s criteria, unless the deficiency is caused or made
worse by the installation of the new lane. It should be noted that the addition of the left-
turn lane will result in a need to increase the minimum ISD required on the minor road
because of the additional width that the vehicle will need to cross compared to existing
conditions.

Geometric Design of Highway Bridge Replacement/Rehabilitation projects
using Federal-Aid

The spot improvement approach discussed in Section 3-2.02 also applies to Highway Bridge
Replacement/Rehabilitation projects that use Federal-Aid funds. The following offers additional
factors to consider:

1.

Horizontal and Vertical Alignment. Many existing bridges have alignments that do not
meet the Department’s current criteria. For bridge replacement projects, the designer
should evaluate the practicality of realigning the bridge to meet the applicable alignment
criteria (reconstruction or 3R). For bridge rehabilitation projects, it is unlikely to be cost-
effective to realign the bridge to correct any alignment deficiencies unless the bridge is
within a future highway project area that has already been scheduled. The bridge
designer should verify that no projects are scheduled before using the existing
alignment.
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2. Width. The bridge width should equal or exceed the full approach roadway width,
including shoulders, as determined from the Department’s criteria for the most likely
level of future highway improvement on the approaches (reconstruction or 3R). The
tables in Chapters Two, Four or Five will determine this width. If the decision is made
not to provide the applicable width, the designer must comply with the design exception
process (Section 6-5.0). Note: Section 13a-86 of the Connecticut Statutes requires a
minimum bridge width of 28 ft, exclusive of any sidewalk width. No exceptions to this
criterion will be allowed on State-maintained highways and bridges.

3. Narrow Bridges. All bridges which are narrower than the approach roadway width
(including shoulders) should be evaluated for widening and/or special narrow bridge
treatments. At a minimum, the signing and pavement markings must meet the criteria of
the MUTCD. In addition, NCHRP 203 Safety at Narrow Bridge Sites provides criteria
specifically for narrow bridges (e.g., special pavement markings). The designer, in
coordination with the Division of Traffic Engineering, should evaluate the value of these
additional treatments at the bridge site.

4. Bridge Rails and Parapets, Approach Guiderail Transitions and Bridge Attachments. All
existing bridge rails and/or parapets, approach guiderail transitions, and bridge
attachments on the project should be evaluated to determine if they are structurally
adequate and/or meet the Department’s current criteria. See guidance established in
Chapter Thirteen.
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3-3.0 PRESERVATION/PREVENTIVE MAINTENANCE PROJECTS

3-3.01 Pavement Preservation Projects on State Owned Roadways

Pavement preservation is a network level program which may employ preventive maintenance,
minor rehabilitation (non-structural), or routine maintenance activities to extend the life of an
existing, structurally sound pavement. The general scope and limits of these projects are based
on recommendations from the Department’'s Pavement Management Unit. The strategies and
treatments employed in these projects are only those which have been approved for use. The
Department’s draft Pavement Preservation Manual provides information on the evaluation of
existing pavement conditions for preservation eligibility including treatment techniques and
selection.

The appropriate treatment on the bridges within the limits of these projects must be coordinated
with the Office of Maintenance and the various units within the Division of Bridges.

The design exception process is not applicable to these projects provided that the selected
pavement preservation treatment does not negatively impact any existing design criteria (e.g.,
vertical clearance).

Certain pavement preservation projects are considered “alterations” to the existing facility and
must follow the requirements in Chapter 15 Section 15-1.0 with regards to the Americans with
Disabilities Act of 1990.

Each pavement preservation project shall also include a safety review. Any safety related item
which has been negatively impacted by the preservation activity shall be restored as part of the
project. These projects shall in no way degrade safety. Safety enhancements are generally not
within the scope of these projects; however, isolated or obvious deficiencies need to be
addressed. The crash history should be a consideration in determining what safety work shall
be addressed. Guiderail upgrades that are identified in the safety review but are not included in
the project shall be forwarded to the Design Development Unit for their use in prioritizing future
safety improvement projects. The safety review’s recommendations and their disposition shall
be included as part of the Request for Design Approval.

Lane and shoulder widths are to be evaluated, as described in the “construction surveying”
specification, to determine if any adjustments to the pavement markings can be made to better
accommodate the needs of non-motorized users.

3-3.02 Pavement Preservation and Rehabilitation Projects on Municipally Owned
and Maintained Roadways

This section provides guidance for Pavement Preservation and Pavement Rehabilitation
projects on municipally owned and maintained facilities.


https://portal.ct.gov/DOT/Engineering/Pavement-Design/Pavement-Preservation-Documents
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3-3.02.01 Objective

The objective of these projects is to improve the pavement condition and extend the
serviceability of municipally owned and maintained facilities by resurfacing, reclamation or other
rehabilitation techniques. Therefore, significant geometric or other major improvements are not
likely within the established project scope and budget. Even so, designers should always
attempt to provide safety enhancements that are warranted. The design criteria should be
selected from the appropriate category; however, the design exception process is not generally
applicable to these projects.

Typical pavement rehabilitation treatments include: designed overlays with pre-treatment
(milling and/or patching) of the existing pavement structure; removal and replacement of the
bituminous concrete (“peel and pave”); and reclamation.

Full-depth reconstruction projects are excluded from this section.
3-3.02.02 Approach

All Pavement Preservation and Pavement Rehabilitation projects should consider appropriate
ways to maintain or enhance the current level of safety and accessibility. Each pavement
preservation/rehabilitation project shall include a safety review, including accident experience,
for the purpose of deciding upon safety work to be implemented before, at the time of, or
deferred to a later date after the project is completed. Recommendations should address
isolated or obvious deficiencies and in no way shall the project degrade highway safety.
Pavement preservation or rehabilitation activities may not require safety enhancements if the
initial safety review, including an analysis of crash data, does not indicate any deficiencies.

Existing safety related items negatively impacted by the pavement preservation or rehabilitation
activity shall be restored by the contractor as part of the project, or by municipal forces
immediately following project completion. For example, pavement markings removed during the
construction process shall be restored as part of the pavement preservation project. Some
other examples of safety items that must be addressed immediately include but are not limited
to: mitigation of pavement edge drop offs; resetting guide rail left at an improper height as a
result of the pavement preservation or rehabilitation treatment; and installing guide rail if missing
or not extending to the point of need if a serious roadside hazard exists. Safety enhancements
which may be deferred and performed by municipal forces at a later time include: installing
additional or updated signing or delineation; installation or repair/reset/upgrading of guiderail;
removal of fixed objects; and/or brush removal.

Certain Pavement Preservation and Pavement Rehabilitation projects are expected to follow the
requirements of Chapter 15 Section 15-1.0 with regard to the Americans with Disabilities Act of
1990 and Section 504 of the Rehabilitation Act of 1973.

The safety review recommendations and the disposition of those recommendations shall be
included in the Request for Design Approval for each Pavement Preservation and Pavement
Rehabilitation project.
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Chapter Four

RURAL HIGHWAYS AND ROADS
(New Construction/Reconstruction)
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Chapter Four

RURAL HIGHWAYS AND ROADS
(New Construction/Reconstruction)

This chapter presents the Department's criteria for the design of rural highways and roads.
They apply to new construction and reconstruction projects. The designer should consider the
following in the use of the figures:

1.

Functional/Design Classification. The selection of design values for new construction
and reconstruction depends on the functional and design classification of the highway
facility. This is discussed in Section 6-1.0. For non-freeways, the design classification is
based on the average number of access points per mile per side. The designer should
realize that the values in the figures are for guidance only; they should not be used as
rigid criteria for determining the design classification on rural highways. Each project
should be designed as part of the total environment, specifically designed to fit into the
context of the area where it is to be constructed. Before selecting design values, the
designer should take into consideration the community, land use, visual, historical and
natural resources of the area. Designers should attempt to maintain the character of an
area, but at the same time meet the transportation needs of the project.

Capacity Analyses. Section 6-3.0 discusses highway capacity. Several highway design
elements (e.g., the number of travel lanes) will be determined in part by the capacity
analysis. As discussed in Section 6-3.0, the capacity analysis will be based on:

a. the design hourly volume (DHV), usually 20 years from the construction
completion date;

b. the level of service, as determined from the figures in this chapter; and
c. the capacity analysis, using the techniques in the HCM.

Cross Section Elements. The designer should realize that some of the cross section
elements included in a figure (e.g., median width) are not automatically warranted in the
project design. The values in the figures will only apply after the decision has been
made to include the element in the highway cross section.

Manual Section References. These figures are intended to provide a concise listing of
design values for easy use. However, the designer should review the Manual section
references for greater insight into the design elements.




Figure 4A

RURAL FREEWAYS
New Construction/Reconstruction

Design Element * '\SA:;%?: Design Values
% Design Forecast Year 6-3.02 20 Years
§ Design Speed X 6-2.02 70 mph
% Control of Access 6-4.0 Full Control
3 Level of Service 6-3.0 B-C
Lane Width X 10-1.01 12’
Right X 10’
Shoulder Width (1) Left— 4 Lanes X 10-1.02 8’ (4' Paved + 4’ Graded)
" Left— 6+ Lanes X 10’
é Travel Lane X 10-1.01 1.5 - 2.0% for lanes adjacent to crown; 2.0% for lanes away from crown
@ | Typical Cross Slope
ch Shoulder X 10-1.02 4%; with CMB, 4% — 6% for left shoulder
:‘% Median Width (includes left shoulders) 10-3.0 See Figure 41 — 100’
g Bridge Width/Cross Slope X 10-4.01 Meet Approach Roadway Width and Cross Slope
© Underpass Width 10-4.02 Meet Approach Roadway Width Plus Clear Zones
Right-of-Way Width 10-5.0 Desirable: 100’ Beyond Edge of Traveled Way
Roadside Clear Zones X 13-2.0 See Section 13-2.0
Fill/Cut Slopes 10-2.02 See Figure 4F
* Controlling design criteria (see Section 6-5.0).
Footnote:
1) Shoulder Width. Where the truck volumes exceed 250 DDHV, both the right and left shoulders should be 12 ft.
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Figure 4A (Continued)

FIGURE FREEWAYS
New Construction/Reconstruction
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SAVYOd ANV SAVMHOIH TvdNd

. Manual Design Values (Based on Design Speed)
Design Element * .
Section 70 mph
Stopping Sight Distance X 7-1.0 730’
Maneuver 1105
Decision Sight Distance 7-2.0
Stop 780’
Minimum Radius (e = 6.0%) X 8-2.02 2050’
€max 6.0%
Superelevation 8-2.02
" Rate X See Figure 8-2A
<
g Horizontal Sight Distance 8-2.04 See Section 8-2.04
Q
W | Maximum Grade x | 9-2.03 4%
c
[}
E | Minimum Grade 9-2.03 0.5%
2
< N
Vertical Curvature Crest 9-3.02 241
(K-value) Sag 9-3.03 181
New Highway Bridge X 16'-3"
Minimum Vertical
Clearance: Existing Highway Bridge X 9-4.0 16'-0"
Freeway Under ... Pedestrian Bridge/ < 180"
Overhead Sign
Minimum Vertical Qlearance . 9-4.0 230"
(Freeway over Railroad)

* Controlling design criteria (see Section 6-5.0).
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Figure 4B

MULTI-LANE RURAL ARTERIALS
New Construction/Reconstruction

. Manual Design Values (by Type of Roadside Development)
Design Element * h - - -
Section Open Moderate Density High Density
Typical Number of Access Points/Mile/Side 6-1.03 0-15 15-30 >30
0
£ | Design Forecast Year 6-3.02 20 Years 20 Years 20 Years
-
]
‘&’ Design Speed X 6-2.02 50 — 60 mph 50 — 55 mph 50 — 55 mph
2
g Control of Access 6-4.0 Partial/Control by Regulation Control by Regulation Control by Regulation
Level of Service 6-3.0 B-C B-C B-C
Travel Lane Width X 10-1.01 12 12’ 12’
Right X 4 -8 4 —g 48
Shoulder Width 10-1.02
Left X 4 -8 4 —g 48
Travel Lane X 10-1.01 1.5 — 2.0% for lanes adjacent to crown; 2.0% for lanes away from crown
Typical Cross Slope .
Uncurbed: 4%
- 0, 0,
Shoulder X 10-1.02 4% 4% Curbed: 6%
" Lane Width X 12 12’ 11" - 12
€ | Turn Lanes 10-1.03
g Shoulder Width X 2 -4
Q
W o0y " ony
< | Median width Depressed 1050 50'—90 50" - 90 N/A
‘S | (Includes Left Shoulders) Raised Island ' N/A N/A 8 — 20’
3 (V =50 mph)
Q Width 5’ or Shoulder Width, whichever is greater
O | Bicycle Lane 15-4.0
Cross Slope 2%
Bridge Width/Cross Slope X 10-4.01 Meet Approach Roadway Width and Cross Slope Sidewalk Width: 5'-6"
Underpass Width 10-4.02 Meet Approach Roadway Width Plus Clear Zones
Right-of-Way Width 10-5.0 Project-by-Project Basis
Roadside Clear Zones X 13-2.0 See Section 13-2.0
Fill/Cut Slopes 10-2.02 See Figure 4G

* Controlling design criteria (see Section 6-5.0).

(2l

SAVYOd ANV SAVMHOIH TvdNd

€00¢ 18quisdad



Figure 4B (Continued)

MULTI-LANE RURAL ARTERIALS
New Construction/Reconstruction
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. Manual Design Values (Based on Design Speed)
Design Element * .
Section 60 mph 55 mph 50 mph
Stopping Sight Distance X 7-1.0 570 495’ 425’
Maneuver 990’ 865’ 750
Decision Sight Distance 7-2.0
Stop 695 535’ 465’
Minimum Radius (e = 6.0%) X 8-2.02 1340 1065’ 840’
€max 6.0% 6.0% 6.0%
Superelevation 8-2.02
Rate X See Figure 8-2A
)
c
g Horizontal Sight Distance 8-2.04 See Section 8-2.04
Q
W | Maximum Grade x | 9-2.03 4% 5% 5%
o
Q
E | Minimum Grade 9-2.03 0.5%
2
< . N
Vertical Curvature Crest 9-3.02 151 114 84
(K-value) Sag 9-3.03 136 115 96
New Highway Bridge X 16'-3"
Minimum Vertical
Clearance: Existing Highway Bridge X 9-4.0 143"
Arterial Under ... Pedestrian Bridge < 180"
Overhead Sign
Minimum Vertical Clearance X 9-4.0 Electrified: 22'-6"
(Arterial over Railroad) ' All Others: 20'-6"

* Controlling design criteria (see Section 6-5.0).
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Figure 4C

TWO-LANE RURAL ARTERIALS
New Construction/Reconstruction

. Manual Design Values (by Type of Roadside Development)
Design Element * . - - -
Section Open Moderate Density High Density
Typical Number of Access Points/Mile/Side 6-1.03 0-15 15-30 >30
K%)
£ | Design Forecast Year 6-3.02 20 Years 20 Years 20 Years
-
]
g Design Speed X 6-2.02 50 — 60 mph 50 — 55 mph 45 — 50 mph
2
8 | Control of Access 6-4.0 Partial/Control by Regulation Control by Regulation Control by Regulation
a}
Level of Service 6-3.0 B-C B-C B-C
Travel Lane Width X 10-1.01 12' 12' 12'
Shoulder Width X 10-1.02 4 -8 4 -8 4' -8
Travel Lane X 10-1.01 1.5-2.0% 1.5-2.0% 1.5-2.0%
Typical Cross Slope ;
Uncurbed: 4%
- 0 0,
Shoulder X 10-1.02 4% 4% Curbed: 6%
£ Lane Width x 12 12 11— 12
g | Tum Lanes 10-1.03
uij Shoulder Width X 2 -4
c
2 Width 5’ or Shoulder Width, whichever is greater
@ | Bicycle Lane 15-4.0
@ Cross Slope 2%
[%2])
o
O | Bridge Width/Cross Slope X 10-4.01 Meet Approach Roadway Width and Cross Slope Sidewalk Width: 5'-6"
Underpass Width 10-4.02 Meet Approach Roadway Width Plus Clear Zones
Right-of-Way Width 10-5.0 Project-by-Project Basis
Roadside Clear Zones X 13-2.0 See Section 13-2.0
Fill/Cut Slopes 10-2.02 See Figure 4G

* Controlling design criteria (see Section 6-5.0).
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Figure 4C (Continued)

TWO-LANE RURAL ARTERIALS
New Construction/Reconstruction

. Manual Design Values (Based on Design Speed)
Design Element * .
Section 60 mph 55 mph 50 mph 45 mph
Stopping Sight Distance X 7-1.0 570 495 425’ 360’
Maneuver 990’ 865 750’ 675’
Decision Sight Distance 7-2.0
Stop 610’ 535’ 465’ 395’
Minimum Radius (e = 6.0%) X 8-2.02 1340 1065’ 840’ 665’
€max 6.0% 6.0% 6.0% 6.0%
Superelevation 8-2.02
Rate X See Figure 8-2A
)
c
g Horizontal Sight Distance 8-2.04 See Section 8-2.04
Q
W | Maximum Grade X 9-2.03 4% 5% 5% 6%
o
Q
E | Minimum Grade 9-2.03 0.5%
=)
< Vertical Curvature Crest 9-3.02 151 114 84 61
(K-value) Sag 9-3.03 136 115 %6 79
New Highway Bridge X 16'-3"
Minimum Vertical
Clearance: Existing Highway Bridge X 9-4.0 143"
Arterial Under ... Pedestrian Bridge < 180"
Overhead Sign
Minimum Vertical Clearance X 9-4.0 Electrified: 22'-6"
(Arterial over Railroad) ' All Others: 20'-6"

* Controlling design criteria (see Section 6-5.0).
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Figure 4D

RURAL COLLECTOR ROADS
New Construction/Reconstruction

. Manual Design Values (by Type of Roadside Development)
Design Element * : - - -
Section Open Moderate Density High Density
Typical Number of Access Points/Mile/Side 6-1.03 0-15 15-30 >30
Design Forecast Year 6-3.02 20 Years 20 Years 20 Years
c o AADT < 400 30 — 35 mph N/A N/A
=] S .
g € | Design Speed AADT: 400 — 2000 X 6-2.02 35— 50 mph 35 — 45 mph N/A
a [e]
© AADT > 2000 50 mph 45 — 50 mph 35 — 45 mph
Control of Access 6-4.0 Control by Regulation Control by Regulation Control by Regulation
Level of Service 6-3.0 C-D C-D C-D
AADT < 400 10 N/A N/A
_ AADT: 400 — 1500 11’ (V=35); 10’ (V<30) 11’ (V=35); 10’ (V<30) N/A
Travel Lane Width X 10-1.01
AADT: 1500 — 2000 11’ 11’ N/A
AADT > 2000 12 12’ 12
AADT < 1500 2'-8 2'-8 N/A
Shoulder Width X 10-1.02
" AADT > 1500 4_g 4_g 4_g
é Travel Lane X 10-1.01 1.5-2.0% 1.5-2.0% 1.5-2.0%
& | Typical Cross Slope Uncurbed: 4% Uncurbed: 4%
Q@ ) o : :
"'CJ Shoulder X 10-1.02 4% Curbed: 6% Curbed: 6%
'% Lane Width X 1’ Less than Travel Lane Width — Same as Travel Lane
© | Turn Lanes 10-1.03
g Shoulder Width X 2 _ g
[%)]
e Width 5’ or Shoulder Width, whichever is greater
O | Bicycle Lane 15-4.0
Cross Slope 2%
Bridge Width/Cross Slope (1) X 10-4.01 Meet Approach Roadway Width and Cross Slope Sidewalk Width: 5'-6"
Underpass Width 10-4.02 Meet Approach Roadway Width Plus Clear Zones
Right-of-Way Width 10-5.0 Project-by-Project Basis
Roadside Clear Zones X 13-2.0 See Section 13-2.0
Fill/Cut Slopes 10-2.02 See Figure 4G

* Controlling design criteria (see Section 6-5.0).

Footnote:

(1) Bridge Width. See Section 10-4.01 for additional information on minimum bridge widths.
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Figure 4D (Continued)
RURAL COLLECTOR ROADS

New Construction/Reconstruction

) Manual Design Values (Based on Design Speed)
Design Element * .
Section 50 mph 45 mph 35 mph 30 mph
Stopping Sight Distance X 7-1.0 425’ 360’ 250’ 200’
Maneuver 750 675 525’ 450’
Decision Sight Distance 7-2.0
Stop 465’ 395 275 220’
Minimum Radius (e = 6.0%) X 8-2.02 840’ 665’ 385’ 275
€max 6.0% 6.0% 6.0% 6.0%
» | Superelevation 8-2.02
‘qc‘J Rate X See Figure 8-2A
£
uij Horizontal Sight Distance 8-2.04 See Section 8-2.04
é Maximum Grade X 9-2.03 7% 8% 8% 9%
c
-%’ Minimum Grade 9-2.03 0.5%
Vertical Curvature Crest 9-3.02 84 61 29 19
(K-Value) Sag 9-3.03 96 79 49 37
Minimum Vertical New Highway Bridge X 14'-6"
Clearance: 9-4.0
Collector Under ... Existing Highway Bridge X 14'-3"
Minimum Vertical Clearance X 9-4.0 Electrified: 22'-6"
(Collector over Railroad) ) All Others: 20'-6"

* Controlling design criteria (see Section 6-5.0).
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Figure 4E

RURAL LOCAL ROADS
New Construction/Major Construction

. Manual Design Values (by Type of Roadside Development)
Design Element * . - - -
Section Open Moderate Density High Density
Typical Number of Access Points/Mile/Side 6-1.03 0-15 15-30 >30
g Design Forecast Year 6-3.02 20 Years 20 Years 20 Years
5 AADT < 50 20 — 30 mph N/A N/A
O | Design Speed X 6-2.02
5 AADT: >50 30 — 35 mph 30 — 35 mph 30 — 35 mph
)
& | Control of Access 6-4.0 Control by Regulation Control by Regulation Control by Regulation
Level of Service 6-3.0 C-D C-D C-D
AADT < 400 9’ (V<40); 10’ (V>45) N/A N/A
_ AADT: 400 — 1500 10’ (V<40); 11’ (V=45) 10’ (V<40); 11’ (V=45) N/A
Travel Lane Width X 10-1.01
AADT: 1500 - 2000 11’ 11’ 11’
AADT > 2000 12’ 12 12
Shoulder Width X 10-1.02 2 -4 2 -4 2 -4
" Travel Lane X 10-1.01 1.5-2.0% 1.5-2.0% 1.5-2.0%
é Typical Cross Slope Shoulder (W < 4') Same as Adjacent Travel Lane
k) , ) o Uncurbed: 4% Uncurbed: 4%
w Shoulder (W > 4') x | 10-1.02 4% Curbed: 6% Curbed: 6%
2 Lane Width 1’ Less Than Travel Lane Width— Same as Travel Lane
@ | Turn Lanes - 10-1.03
n Shoulder Width X -4
)
8 ) Width 5’ or Shoulder Width, whichever is greater
O | Bicycle Lane 15-4.0
Cross Slope 2%
Bridge Width/Cross Slope (1) X 10-4.01 Meet Approach Roadway Width and Cross Slope Sidewalk Width: 5'-6"
Underpass Width 10-4.02 Meet Approach Roadway Width Plus Clear Zones
Right-of-Way Width 10-5.0 Project-by-Project Basis
Roadside Clear Zones X 13-2.0 See Section 13-2.0
Fill/Cut Slopes 10-2.02 See Figure 4G

* Controlling design criteria (see Section 6-5.0).

Footnote:

(1) Bridge Width. See Section 10-4.01 for additional information on minimum bridge widths.
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Figure 4E (Continued)

RURAL LOCAL ROADS
New Construction/Reconstruction

. Manual Design Values (Based on Design Speed)
Design Element * .
Section 45 mph 40 mph 35 mph 30 mph 25 mph 20 mph
Stopping Sight Distance X 7-1.0 360’ 305’ 250’ 200’ 155’ 115
Maneuver 675 600’ 525’ 450’
Decision Sight Distance 7-2.0 N/A N/A
Stop 395 330 275 220’
Minimum Radius (e = 6.0%) X 8-2.02 665’ 510’ 385’ 275 190’ 120’
€max 6.0% 6.0% 6.0% 6.0% 6.0% 6.0%
" Superelevation 8-2.02
£ Rate X See Figure 8-2A
Q
IS
ﬁ Horizontal Sight Distance 8-2.04 See Section 8-2.04
§ Maximum Grade X 9-2.03 9% 10% 10% 10% 11% 11%
c
2 | Minimum Grade 9-2.03 0.5%
<
Vertical Curvature Crest 9-3.02 61 44 29 19 12 7
(K-value) Sag 9-3.03 79 64 49 37 26 17
Minimum Vertical New Highway Bridge X 14'-6"
Clearance: 9-4.0
Local Road Under ... Existing Highway Bridge X 14'-3"
Minimum Vertical Clearance « 9-4.0 Electrified: 22'-6"
(Local Road over Railroad) ' All Others: 20'-6"

* Controlling design criteria (see Section 6-5.0).
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EDGE OF EDGE OF
TRAVEL LANE TRAVEL LANE
| 66' OR LESS N

G MEDIAN

|
F2 TYPICAL Gy | 112 TYPICAL
110 MAXIMUM |

| 1:10 MAXIMUM j/

TYPICAL DEPRESSED MEDIAN

(With Metal-Beam Barrier)

EDGE OF EDGE OF
TRAVELED WAY TRAVELED WAY
B 66' OR LESS N

G MEDIAN
6 - 12 1 6 - 12
[\ vARIABLE
(30" MINIMUM) ©
4%, - 6%, 4%,- 67,

= ——

TYPICAL MEDIAN
(With Concrete Median Barrier)

1. Placement of Median Barrier: The preferred location of the median barrier is in the center of the median. This
will require that the drainage system be offset from the center as indicated in the figure.

2. Median Slope on Superelevated Sections: The designer must ensure that the slope leading up to the median
barrier does not exceed 1:10. This may require the use of independent profiles for the two roadways. Another
option is to place the barrier near the edge of the shoulder; however, this is undesirable and should be

avoided.

3. CMB Width: Consider providing a 4’ width from the curb line to the pier face to accommodate clearance to
bridge piers of overpassing structures or other appurtenances in the median.

TYPICAL MEDIAN SECTION FOR FREEWAYS
(66 ft or Less)

Figure 4l
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Chapter Five

URBAN HIGHWAYS AND STREETS
(New Construction/Reconstruction)

This chapter presents the Department's criteria for the design of urban highways and streets.
They apply to new construction and reconstruction projects. The designer should consider the
following in the use of the Figures:

1.

Functional/Design Classification. The selection of design values for new construction
and reconstruction depends on the functional and, for non-freeways, the design
classification of the highway facility. This is discussed in Section 6-1.0.

Capacity Analyses. Section 6-3.0 discusses highway capacity. Several highway design
elements (e.g., the number of travel lanes) will be determined in part by the capacity
analysis. As discussed in Section 6-3.0, the capacity analysis will be based on:

a. the design hourly volume (DHV), usually 20 years from the construction
completion date;

b. the level of service, as determined from the tables in this chapter; and
c. the capacity analysis, using the techniques in the HCM.

Cross Section Elements. The designer should realize that some of the cross section
elements included in a table (e.g., median width) are not automatically warranted in the
project design. The values in the tables will only apply after the decision has been made
to include the element in the highway cross section.

Manual Section References. These tables are intended to provide a concise listing of
design values for easy use. However, the designer should review the Manual section
references for greater insight into the design elements.




Figure 5A

URBAN FREEWAYS
New Construction/Reconstruction

Design Element * Mangal Pesign Values (By Type of Area) '
Section Suburban/Intermediate Built-up
% Design Forecast Year 6-3.02 20 Years 20 Years
§ Design Speed X 6-2.02 65 — 70 mph 50 — 55 mph
é Control of Access 6-4.0 Full Control Full Control
a Level of Service 6-3.0 B-C B-C
Lane Width X 10-1.01 12 12
Right X 10’ 10’
Shoulder Width (1) Left— 4 Lanes X 10-1.02 8’ (4’ Paved + 4’ Graded) 8’ (4'Paved + 4' Graded)
" Left— 6+ Lanes X 10’ 10’
é _ Travel Lane X 10-1.01 1.5 — 2.0% for lanes adjacent to crown; 2.0% for lanes away from crown
& | Typical Cross Slope
ch Shoulder X 10-1.02 4%; with CMB, 4% — 6% for left shoulder 4%; with CMB, 4% — 6% for left shoulder
:‘% Median Width (includes left shoulders) 10-3.0 See Figure 5K - 90’ See Figure 5K - 90
Q Bridge Width/Cross Slope X 10-4.01 Meet Approach Roadway Width and Cross Slope
© Underpass Width 10-4.02 Meet Approach Roadway Width Plus Clear Zones
Right-of-Way Width 10-5.0 Desirable: 100’ Beyond Edge of Traveled Way
Roadside Clear Zones X 13-2.0 See Section 13-2.0
Fill/Cut Slopes 10-2.02 See Figure 5G

* Controlling design criteria (see Section 6-5.0).

Footnote:

(1) Shoulder Width. Where the truck volumes exceed 250 DDHYV, both the right and left shoulders should be 12 ft. Where warranted for high-volume/incident management sites,
use a 16-ft left shoulder.

(2)s
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Figure 5A (Continued)

URBAN FREEWAYS

New Construction/Reconstruction

. Manual Design Values (Based on Design Speed)
Design Element * .
Section 70 mph 65 mph 60 mph 55 mph 50 mph
Stopping Sight Distance X 7-1.0 730’ 645’ 570 495’ 425'
U: 1445 U: 1365’ U: 1280 U: 113% U: 1030’
Maneuver SU: 1275 SU: 1220 SU: 1125’ SU: 980’ SU: 890’
Decision Sight Distance 7-2.0 : : : : :
Stop 1410’ 1275’ 1150 1030’ 910’
Minimum Radius (e = 6.0%) X 8-2.02 2050’ 1665’ 1340 1065 840’
€max 6.0% 6.0% 6.0% 6.0% 6.0%
Superelevation 8-2.02
‘2 Rate X See Figure 8-2A
(]
E Horizontal Sight Distance 8-2.04 See Section 8-2.04
w
£ | Maximum Grade x | 9-2.03 4% 4% 4% 5% 5%
£
S | Minimum Grade 9-2.03 0.5%
<
Vertical Curvature Crest 9-3.02 247 193 151 114 84
(K-value) Sag 9-3.03 181 157 136 115 96
o ) New Highway Bridge X 16'-3"
Minimum Vertical Existing Highway Bridge X 16'-0"
Clearance: - - 9-4.0 —
Freeway Under ... Pedestrian Bridge X 17'-6
Overhead Signs X 18'-0"
Minimum Vertical Clearance (Freeway over Railroad) X 9-4.0 23'-0"
* Controlling design criteria (see Section 6-5.0). U: Urban SU: Suburban

£002 1aquwanag
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Figure 5B

MULTI-LANE PRINCIPAL URBAN ARTERIALS

(New Construction/Reconstruction)

(r)s

S13341S ANV SAVMHOIH Nvadn

) Manual Design Values (by Type of Area)
Design Element * .
Section Suburban Intermediate Built-up
» Design Forecast Year 6-3.02 20 Years 20 Years 20 Years
o
"g Design Speed X 6-2.02 45 mph — 60 mph 35 mph — 50 mph 30 mph — 45 mph
g Access Control 6-4.0 Partial/Control by Regulation Control by Regulation Control by Regulation
-% Level of Service 6-3.0 B-D B-D B-D
3]
O | on-street Parking 10-1.04 None None Sometimes
Travel Lane Width X 10-1.01 12' 12' 11' - 12
. Right X 4 -8 4 —g 48
Shoulder Width 10-1.02
Left X 2 -4 2 _ g 2 _ 4
Travel Lane X 10-1.01 1.5 — 2.0% for lanes adjacent to crown; 2.0% for lanes away from crown
Cross Slope Shoulder (W < 4) X 10-1.02 Same as Adjacent Travel Lane
Shoulder (W > 4") X ' 4% — 6% 4% — 6% 4% — 6%
Lane Width X 11" - 12 11" -12 11" -12
£ | Turn Lanes - 10-1.03
5 Shoulder Width X 2 -4 2 -4 2 -4
IS
uij Parking Lane Width 10-1.04 N/A N/A 10’ - 11
c r_0
% Median Width 2epre§sle|d . 1030 50'-0 N/A N/A
@ | (Includes Left Shoulders) aised [slan e " _ o0y ' _ o0 ' _ o0y
ﬁ (V = 50 mph) 8’ - 20 8 - 20 8 -20
g Sidewalk Width 10-2.01 5’ Minimum 5" Minimum 5" Minimum
]
_ Width 5 5 5
Bicycle Lane 15-4.0
Cross Slope 2% 2% 2%
Bridge Width/Cross Slope X 10-4.01 Curb-to-Curb: Meet Approach Roadway Width & Cross Slope Sidewalk Width: 5'-6"
Underpass Width 10-4.02 Meet Approach Roadway Width Plus Clear Zones
Right-of-Way Width 10-5.0 Project-by-Project Basis
Roadside Clear Zones X 13-2.0 See Section 13-2.0
Fill/Cut Slopes 10-2.02 See Figure 5H

* Controlling design criteria (see Section 6-5.0).
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Figure 5B (Continued)

MULTI-LANE PRINCIPAL URBAN ARTERIALS
(New Construction/Reconstruction)

. Manual Design Values (Based on Design Speed)
Design Element * .
Section 60 mph 55 mph 50 mph 45 mph 40 mph 35 mph 30 mph
Stopping Sight Distance X 7-1.0 570’ 495’ 425’ 360’ 305’ 250’ 200
Maneuver U: 1280’ U: 1135 U: 1030’ U: 930 u. 825 u: 720 U: 620
Decision Sight Distance 720 SU: 1125 SuU: 980’ SU: 890’ SU: 800’ SuU: 715 SU: 625’ SuU: 535
Stop 1150 1030’ 910’ 800 690’ 590’ 490’
Minimum Radius " 8-2.02 1340 1065’ 840’ 715 535’ 375’ 250’
8-3.02 (e = 6%) (e = 6%) (e = 6%) (e = 4%) (e = 4%) (e = 4%) (e = 4%)
€max 8-2.02 6.0% 6.0% 6.0% 4.0% 4.0% 4.0% 4.0%
Superelevation 5 3'02
o Rate X e See Section 8-2A See Figure 8-3C
o
Q
g Horizontal Sight Distance 8-2.04 See Section 8-2.04
w
‘g Maximum Grade x | 9-2.03 6% 6% % % 8% 8% 9%
IS
_5, Minimum Grade 9-2.03 0.5%
<
Vertical Curvature Crest 9-3.02 151 114 84 61 44 29 19
(K-value) Sag 9-3.03 136 115 96 79 64 49 37
New Highway Bridge X 16'-3"
Minimum Vertical Existing Highway Bridge | x 14'-3"
Clearance: - - 9-4.0
Arterial Under .. Pedestrian Bridge X 17'-6"
Overhead Sign X 18'-0"
Minimum Vertical Clearance . 9-4.0 Electrified: 22'-6"
(Arterial over Railroad) ' All Others: 20'-6"
* Controlling design criteria (see Section 6-5.0). U: Urban SU: Suburban
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Figure 5C

TWO-LANE PRINCIPAL URBAN ARTERIALS

(New Construction/Reconstruction)

' Manual Design Values (by Type of Area)
Design Element * Secti
ection Suburban Intermediate Built-up
Design Forecast Year 6-3.02 20 Years 20 Years 20 Years
0
% Design Speed X 6-2.02 45 mph - 55 mph 35 mph — 50 mph 30 mph — 45 mph
[]
g Access Control 6-4.02 Partial/Control by Regulation Control by Regulation Control by Regulation
(o))
@ | Level of Service 6-3.0 B-D B-D B-D
e}
On-Street Parking 10-1.04 None None Sometimes
Travel Lane Width X 10-1.01 12’ 11" -12 11" -12
Shoulder Width X 10-1.02 4'-g 4' -8 4' -8
Travel Lane X 1.5% — 2.0% 1.5% — 2.0% 1.5% — 2.0%
Cross Slope 10-1.01
Shoulder X 4% — 6% 4% — 6% 4% — 6%
Lane Width X 11 - 12 11' - 12 11" - 12
o | Turn Lanes 10-1.03
S Shoulder Width X 2 — 4 o _ 4 2 _ 4
IS
ﬁ Parking Lane Width 10-1.04 N/A N/A 10’ - 11
_§ Sidewalk Width 10-2.01 5’ Minimum 5’ Minimum 5’ Minimum
8}
& Width 5 5 5
@ ] Bicycle Lane 15-4.0
8 Cross Slope 2% 2% 2%
Bridge Width/Cross Slope X 10-4.01 Curb-to-Curb: Meet Approach Roadway Width and Cross Slope  Sidewalk Width: 5'-6"
Underpass Width 10-4.02 Meet Approach Roadway Width Plus Clear Zones
Right-of-Way Width 10-5.0 Project-by-Project Basis
Roadside Clear Zones X 13-2.0 See Section 13-2.0
Fill/Cut Slopes 10-2.02 See Figure 5|

* Controlling design criteria (see Section 6-5.0).
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Figure 5C (Continued)

TWO-LANE PRINCIPAL URBAN ARTERIALS

(New Construction/Reconstruction)

. Manual Design Values (Based on Design Speed)
Design Element * .
Section 55 mph 50 mph 45 mph 40 mph 35 mph 30 mph
Stopping Sight Distance X 7-1.0 495’ 425’ 360’ 305’ 250’ 200’
U: 1135 U: 1030’ U 930 U 825 u. 720 U 620’
Maneuver SU: 980’ SU: 890' SU: 800’ Su: 715’ SU: 625' SU: 535'
Decision Sight Distance 7-2.0 : : : : : :
Stop 1030’ 910’ 800’ 690’ 590’ 490’
Minimum Radius " 8-2.02/ 1065’ 840’ 715 535’ 375’ 250’
8-3.02 (e = 6%) (e = 6%) (e = 4%) (e = 4%) (e = 4%) (e = 4%)
€max 6.0% 6.0% 4.0% 4.0% 4.0% 4.0%
! 8-2.02/
Superelevation 8.3.00
o Rate X e See Figure 8-2A See Figure 8-3C
o
Q
g Horizontal Sight Distance 8-2.04 See Section 8-2.04
w
‘g Maximum Grade X 9-2.03 6% % 7% 8% 8% 9%
1S
_5, Minimum Grade 9-2.03 0.5%
<
Vertical Curvature Crest 9-3.02 114 84 61 44 29 19
(K-value) Sag 9-3.03 115 96 79 64 49 37
New Highway Bridge X 16'-3"
Minimum Vertical Existing Highway Bridge X 14'-3"
Clearance: - - 9-4.0
Arterial Under .. Pedestrian Bridge X 17'-6"
Overhead Sign X 18'-0"
Minimum Vertical Clearance . 9-4.0 Electrified: 22'-6"
(Arterial over Railroad) ’ All Others: 20'-6"
* Controlling design criteria (see Section 6-5.0). U: Urban SU: Suburban
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Figure 5D

MINOR URBAN ARTERIALS

(New Construction/Reconstruction)

) Manual Design Values (by Type of Area)
Design Element * .
Section Suburban Intermediate Built-up
" Design Forecast Year 6-3.02 20 Years 20 Years 20 Years
% Design Speed X 6-2.02 45 mph — 50 mph 30 mph — 45 mph 30 mph — 40 mph
]
%:’ Access Control 6-4.0 Control by Regulation Control by Regulation Control by Regulation
'g Level of Service 6-3.0 B-D B-D B-D
a}
On-Street Parking 10-1.04 None Sometimes Sometimes
Travel Lane Width X 10-1.01 11" - 12 11" -12 10" - 12
Right X 48 4 — 8 4 g
Shoulder Width 10-1.02
Left X 2 —4 2 — 4 22— 4
Travel Lane X 10-1.01 1.5 - 2.0% for lanes adjacent to crown; 2% for lanes away from crown
Cross Slope Shoulder (W < 4) X Same as Adjacent Travel Lane
10-1.02
Shoulder (W > 4) X 4% — 6% 4% — 6% 4% — 6%
2]
& Lane Width X 11’ 11/ 11
£ ] Turn Lanes 10-1.03
i Shoulder Width X 2 -4 2 _a o
é Parking Lane Width 10-1.04 N/A 10" - 11 10" - 11
[S]
& | Sidewalk Width 10-2.01 5’ Minimum 5’ Minimum 5’ Minimum
[)]
8 Width 5 5 5
O | Bicycle Lane 15-4.0
Cross Slope 2% 2% 2%
Bridge Width/Cross Slope X 10-4.01 Curb-to-Curb: Meet Approach Roadway Width and Cross Slope Sidewalk Width: 5'-6"
Underpass Width 10-4.02 Meet Approach Roadway Width Plus Clear Zones
Right-of-Way Width 10-5.0 Project-by-Project Basis
Roadside Clear Zones X 13-2.0 See Section 13-2.0
Fill/Cut Slopes 10-2.02 See Figure 5|

* Controlling design criteria (see Section 6-5.0).
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Figure 5D (Continued)

MINOR URBAN ARTERIALS

(New Construction/Reconstruction)

. Manual Design Values (Based on Design Speed)
Design Element * .
Section 50 mph 45 mph 40 mph 35 mph 30 mph
Stopping Sight Distance X 7-1.0 425’ 360’ 305 250’ 200’
Maneuver U: 1030’ U: 930 U 825 u: 720 U 620
Decision Sight Distance 7.2.0 SU: 890’ SU: 800’ SuU: 715 SU: 625 SU: 535
Stop 910’ 800’ 690’ 590’ 490’
Minimum Radius " 8-2.02/ 840’ 715 535’ 375 250’
8-3.02 (e = 6%) (e = 4%) (e = 4%) (e = 4%) (e = 4%)
_ €max 8-2.02/ 6.0% 4.0% 4.0% 4.0% 4.0%
@ Superelevation 5-3.02
S Rate X e See Figure 8-2A See Figure 8-3C
£
,_,ij Horizontal Sight Distance 8-2.04 See Section 8-2.04
=
g Maximum Grade X 9-2.03 7% 7% 8% 8% 9%
c
2 | Minimum Grade 9-2.03 0.5%
Vertical Curvature Crest 9-3.02 84 61 44 29 19
(K-value) Sag 9-3.03 %6 79 64 49 37
Minimum Vertical New Highway Bridge X 16'-3"
Clearance: 9-4.0
Arterial Under ... Existing Highway Bridge X 14'-3"
Minimum Vertical Clearance . 9-4.0 Electrified: 22'-6"
(Arterial over Railroad) ’ All Others: 20'-6"
* Controlling design criteria (see Section 6-5.0). U: Urban SU: Suburban
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Figure 5E

URBAN COLLECTOR STREETS

(New Construction/Reconstruction)

Design Element * Mangal Design Values (by Type of Area)
Section Suburban Intermediate Built-up
" Design Forecast Year 6-3.02 20 Years 20 Years 20 Years
g Design Speed X 6-2.02 35 mph — 45 mph 30 mph — 45 mph 30 mph — 40 mph
(2 Access Control 6-4.0 Control by Regulation Control by Regulation Control by Regulation
'g Level of Service 6-3.0 C-D C-D C-D
e On-Street Parking 10-1.04 Sometimes Sometimes Sometimes
Travel Lane Width X 10-1.01 11" - 12 11'-12 10" - 12
Shoulder Width x | 10-1.02 4 -8 4 -8 2'-8
Travel Lane X 1.5-2.0% (1.5-3.0% wicurbing) | 1.5-2.0% (1.5-3.0% wi/curbing) | 1.5-2.0% (1.5-3.0% w/curbing)
Cross Slope Shoulder (W <4") 10-1.01 Same as Adjacent Travel Lane
Shoulder (W > 4') X 4% — 6% 4% — 6% 4% — 6%
g Lane Width X 11 11 11
@ | Turn Lanes 10-1.03
5 Shoulder Width X 27— 24 o _
g Parking Lane Width 10-1.04 8 - 10 8- 10 8’ - 10
:% Sidewalk Width 10-2.01 5 Minimum 5’ Minimum 5’ Minimum
é Bicycle Lane Width 15-4.0 > > >
@) Cross Slope 2% 2% 2%
Bridge Width/Cross Slope x | 10-4.01 Curb-to-Curb: Meet Approach Roadway Width and Cross Slope Sidewalk Width: 5'-6"
Underpass Width 10-4.02 Meet Approach Roadway Width Plus Clear Zones
Right-of-Way Width 10-5.0 Project-by-Project Basis
Roadside Clear Zones X 13-2.0 See Section 13-2.0
Fill/Cut Slopes 10-2.02 See Figure 5|

* Controlling design criteria (see Section 6-5.0).
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Figure 5E (Continued)

URBAN COLLECTOR STREETS
(New Construction/Reconstruction)

. Manual Design Values (Based on Design Speed)
Design Element * .
Section 45 mph 40 mph 35 mph 30 mph
Stopping Sight Distance X 7-1.0 360’ 305’ 250’ 200
Maneuver U 930 U 825 u. 720 U 620
Decision Sight Distance 7-2.0 SU: 800 SU: 715 SU: 625 SU: 535
Stop 800’ 690’ 590’ 490
Minimum Radius (e = 4%) X 8-3.02 715’ 535’ 375’ 250’
€max 4.0% 4.0% 4.0% 4.0%
«» | Superelevation 8-3.02
‘qc‘J Rate X See Figure 8-3C
£
uij Horizontal Sight Distance 8-2.04 See Section 8-2.04
é Maximum Grade x| 9203 9% 10% 10% 11%
c
-%’ Minimum Grade 9-2.03 0.5%
Vertical Curvature Crest 9-3.02 61 44 29 19
(K-value) Sag 9-3.03 79 64 49 37
Minimum Vertical New Highway Bridge X 14'-6"
Clearance: 9-4.0
Collector Under ... Existing Highway Bridge X 14'-3"
Minimum Vertical Clearance . 9-4.0 Electrified: 22'-6"
(Collector over Railroad) ’ All Others: 20'-6"
* Controlling design criteria (see Section 6-5.0). U: Urban SU: Suburban
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Figure 5F

LOCAL URBAN STREETS
(New Construction/Reconstruction)

(zT)s

) Manual Design Values (by Type of Area)
Design Element * .
Section Suburban Intermediate Built-up
" Design Forecast Year 6-3.02 20 Years 20 Years 20 Years
% Design Speed X 6-2.02 25 mph — 30 mph 25 mph — 30 mph 20 mph — 25 mph
]
%:’ Access Control 6-4.0 Control by Regulation Control by Regulation Control by Regulation
'g Level of Service 6-3.0 C-D C-D C-D
a}
On-Street Parking 10-1.04 Sometimes Sometimes Sometimes
Travel Lane Width X 10-1.01 10’ - 11 10’ - 11 10’ - 11
Shoulder Width X 10-1.02 2 -4 2 -4 2 -4
Travel Lane . 10-1.01 1.5% — 2.0% 1.5% — 2.0% 1.5% — 2.0%
' (1.5%-3.0% with curbing) (1.5%-3.0% with curbing) (1.5%-3.0% with curbing)
Cross Slope Shoulder (W < 4') X Same as Adjacent Travel Lane
10-1.02
Shoulder (W > 4) X 4% — 6% 4% — 6% 4% — 6%
‘2 Lane Width X 10" - 11 10’ - 11 10’ - 11’
g Turn Lanes 10-1.03
K} Shoulder Width X 2 — 4 o _ 4 2 _ 4
W
s | Parking Lane Width 10-1.04 7 =10 7 -11 7 -11
§ Sidewalk Width 10-2.01 5’ Minimum 5’ Minimum 5’ Minimum
2 Width 5 5 5
2 | Bicycle Lane 15-4.0
© Cross Slope 2% 2% 2%
Bridge Width/Cross Slope X 10-4.01 Curb-to-Curb: Meet Approach Roadway Width and Cross Slope Sidewalk Width: 5'-6"
Underpass Width 10-4.02 Meet Approach Roadway Width Plus Clear Zones
Right-of-Way Width 10-5.0 Project-by-Project Basis
Roadside Clear Zones X 13-2.0 See Section 13-2.0
Fill/Cut Slopes 10-2.02 See Figure 5|

* Controlling design criteria (see Section 6-5.0).
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Figure 5F (Continued)

LOCAL URBAN STREETS

(New Construction/Reconstruction)

. Manual Design Values (Based on Design Speed)
Design Element * .
Section 30 mph 25 mph 20 mph
Stopping Sight Distance X 7-1.0 200’ 155’ 115
Maneuver gu ggg' N/A N/A
Decision Sight Distance 7-2.0 :
Stop 490’ N/A N/A
Minimum Radius (e = 4%) X 8-3.02 250’ 155 90’
€max 4.0% 4.0% 4.0%
«» | Superelevation 8-3.02
‘qc‘J Rate X See Figure 8-3C
£
uij Horizontal Sight Distance 8-2.04 See Section 8-2.04
é Maximum Grade X 9-2.03 10% 11% 11%
c
-%’ Minimum Grade 9-2.03 0.5%
Vertical Curvature Crest 9-2.02 19 12 7
(K-value) Sag 9-3.03 37 26 17
Minimum Vertical New Highway Bridge X 14'-6"
Clearance: 9-4.0
Local Street Under ... Existing Highway Bridge X 14'-3"
Minimum Vertical Clearance . 9-4.0 Electrified: 22'-6"
(Local Street over Railroad) ’ All Others: 20'-6"
* Controlling design criteria (see Section 6-5.0). U: Urban SU: Suburban
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EDGE OF EDGE OF
TRAVEL LANE TRAVEL LANE
[ 66' OR LESS N

G MEDIAN

112 TYPICAL ‘ 112 TYPICAL
|

1:10 MAXIMUM 1:10 MAXIMUM j/

TYPICAL DEPRESSED MEDIAN
(With Metal-Beam Barrier)

EDGE OF EDGE OF
TRAVELED WAY TRAVELED WAY
66' OR LESS
G MEDIAN
6 - 12 L 6 - 12
- e
|
|
|
| [N VARIABLE
! (30" MINIMUM) @
40/0 - 600 40/0- 6°/°

s ——

TYPICAL MEDIAN
(With Concrete Median Barrier)

1. Placement of Median Barrier. The preferred location of the median barrier is in the center of the median.
This will require that the drainage system be offset from the center as indicated in the Figure.

2. Median Slope on Superelevated Sections. The designer must ensure that the slope leading up to the
median barrier does not exceed 1:10. This may require the use of independent profiles for the two
roadways. Another option is to place the barrier near the edge of the shoulder; however, this is undesirable
and should be avoided.

3. CMB Width. Consider providing a 4’ width from the curb line to the pier face to accommodate clearance to
bridge piers of overpassing structures or other appurtenances in the median.

TYPICAL MEDIAN SECTION FOR FREEWAYS
(66 ft or Less)

Figure 5K




December 2003

URBAN HIGHWAYS AND STREETS

5(22)

716 24nBi4

'spaau Aem-jo-1ybu aziwiuiw

0} a|qedisap si U (9) pue ‘uoleAeIxa
snidins  adnpai 01  3|qelIsap
sI 1 (q) ‘uBisep Buunp paredidnue
ueyl 1amo| aq 0} punoy} Si UOIBAd|d
3001 8yl ‘uondonisuod Buunp (e)
Uusaym Y G Jo wnwiuiw e 0} pasnpal
8q Aew yBys >o01 Y-0Z BYL
*Inojuod Buueadde [einteu e 108ye
0] a|qissod se Buo| se ag pjnoys
uonisues; jo ybus| a8yl ‘uondas
o e uyum Jayoue 03 adols
JO aYel auo woly abueyd e areIp
SUOIIPUOD 8BNS dJBYAM  "UONISS
© Jnoybnoiyl pjay aq pinoys adojs
JO 8Yel wiojun e ‘Aeisua ‘moje
SUOIPUOD  BUS aJdYM pasn  aq
pinoys pue pausjaid are wnwixew
ZT 9y uey Jopey sadols
‘sisAjeue

pue suonebnsanul [eaibojoab Ag
paujwisidp aq pInoys sadojs 20y
'S9SBaIOUI 1N XJ01 JO

1ybiay se Jo sasealosp adualadwod
3001 Se  pasealoul  aq Ol

SNOILD3S 1ND 40 ST1Iv13d

8 ¥IA0="Y'H
IND M208 NI NOILD3S WIlLdvd
|
13A37 INGVINV A
I/ asvasans
[ \
N
8 ¥3IA0 ="¥H @) xvn 1:9 [INLE
. & 430 INOHS
B | - v&ow_:mz?o
H19v3
39031 40 4Ol ®» 02
® xvn 2z ®
ANOZ av31o
= 30V 48NS
_ ONNONS TYNISING
| T 1
S . -
8 01L.0="9H
LND M20H NI NOILD3S WIldvd
_ |
37gVIEvA
13ATT— Isvaans
I/ ﬁ.m.—
8 OL.0="¥H
S gt Y30INOHS
39031 40 dOL
- ®
_ INOZ uv31D
S 30V NS

aNNOYI TWYNIDINO




5(23)

URBAN HIGHWAYS AND STREETS

December 2006

NG @4nbi4

(sRemaali4 uswabeury 1uapiouj/awnjoA-ybiH)

SAVMITEd NVFdN 04 NOILO3FS TVOIdAL

"G aInBl4 893S "uoNdas [eaIdA} SIYl U0 UOISSNISIP B J0) 0'9-0T UOIDaS 89S 910N

NOILD3S d3LVAII3I3dNS

343H S3INddv XNvE

3493H
S3Nddv »Nva

NOILY 1Od 40 w_x<|\

4

Zl [ 2l

(NIN)
.0¢
AY M AVM
0313AvdL | ¥307N0OHS ¥30NOHS [ 0313AvaL
NOILDO3S TTVINYJON
3svesans 3svaans

30V 43NS ONIYY3IM

/!zo:« 108 40 SIXV

———— —— o= o.3 T — — TN
-6 N %0T-SY T %Y, %z | %oz-sfl woz-si| %r  [W
(NOWININ ..0E) |
_ @ﬁm«.m,_; | _
® 0L ZL . [F7 S DE B [ D B 2 oz T o Ny Lyl
3NOZ ¥v31D / L \ ®
NOILYDITddvy 3ava9 40 LNIOd W NOILVOITddY 3avad 40 INIOd ©)
NVIQIN D
AVM AV M
0313AVYL | 930TNOHS 9307INOHS | Q313AVAL




December 2006

URBAN HIGHWAYS AND STREETS

5(24)

"9oualaaul reuonelado wanbasgns apnjoaid 0) Aressadau Se UoIoNIISUOD [eiiul Y Ul PAAOWSL 8 [|IM )l ‘PaIalunodua S| 3204 8I8UAA "UOIONIISUOD [eniul
10 ubisap Buunp paulwialep aq |Im abeuresp pue Buipelb Jo S|ielsp pue UBIXa 8yl ‘saue| alniny 1o} uoieAedxa salinbal uononnsuo) abels uaypy UoNdNNASU0) abels

“1ap|noys apis-ybiy Jo Juawiean Joj £s ainbi4 89S :(SPIS-UbIH) UONeAs|a1adns Japinoys

"Joyealb si JoAsyolym ¢ @ , Jo adojs ssoIo Jopinoys [eaidA} 8y} 8q pinoys Japinoys ayj jo adojs a8yl :(SPIS-Mo) UoNeAs[asodns Jopinoys

‘uelpaw ay} ul
saoueuaundde Jaylo Jo sainonns Buissed Jano Jo siaid abplg 01 aouelea|d alepowwodde 0} a2k} Jaid 8y} 0} dul| gInd 8y} wody Yyipim {7 Buipiaoad Japisuod I aND

"SIND %001 pUB ULes U0 UOITeWLIojUl Pajie1ap Sureluod g ainbi4 Inojuod Bulesdde jeinjeu e 10aye 0)
[eanoeid se Huo| se aq [[Im uoiisuel) Jo YIBUS| By} ‘UONISS IND B UIYNIM JByloue 0} 3dojs Jo a1el auo wolj abueyd e a1e1dlp SUOHIPUOD S)IS SIBYA "UONISS IND & InoyBnoiyy
paurejurew aq pinoys ado|s JO arel WIoHUN Y “E# 810N Ul UOISSNISIP 8U0Z Jeajd 8y} 89S 0S|y "Z:T Paadxa Jou pinoys Ing ‘feanoeld se 1ej) se ag pinoys asayl :3dojs m)

'sadojs ||i} uo Juawade|d |resapinb 1oy pue ado|s |1 J0 WONOQ Je awieal] 1o} G aInbi4 9as ‘0S|

SOA JINCTALS
ON yGZz-uort
ON 40T- 40
[relspino yobeH
‘eld11o Buimoljol ayy Jepisuo) ‘[eanoe.d se Jej) se ag pjnoys asay) :3dos 9
Kem pajanel) Jo abpa apisul Woly i 12 saue| Y-ZT Jno4
Aem pajonesy Jo abpa apisul Woi Y 2T saue| Y-2T 92yl
Aem pajonesy Jo abpa apisul Woi Y 2T saue| Y-¢T OML
uonediddy apers Jo juiod UIPIAN JUSWSARd

:Aidde |im euanio Buimoljo) syl :tonedddy apelo Jo Juiod

‘(@e-cT 2inbi4 99S) ajgesianes) Ajajes aq pinoys ado|syoeq
31 ‘au0z 1eajd |yl UIyIm Si Syl J| "0°Z-ET UoNnoas Aq paulwlalap Se auoz Jeajd ay) Jo apisino ag pinoys adojsyoeq ayl Joj Buipunol Jo Wi apisino ayl :dUoZ resd

‘pasn si [relapinb i re1ap Jo) £ ainbi4 93s “|reiapinb
Aq paoaroid sadojs )} uo Aressadau jou si Buipunoy 'Y TT S! Bulpunos papuswwodal ayl ‘ased siyy u] ‘papinoid si adojs #:T paioaloidun ue alaym pue ydw Q/ Sl
paads ubisap ay} asaym 1daoxa ‘suonipuod |fe oy Aidde SIYL ¥ 8 8q pinoys Buipunos adojs sy} ‘pasn usym ‘pue Juswiess) papuawwodal ay} si siyL buipunoy adojs

ING @1nBi4 01 S810N
(sRemaal4 1uawabeury 1uapiouj/awn|oA-ybiH)

SAVM3I3Tdd NvVadN 04 NOILO3S TVIOIdAL



January 2023 DESIGN CONTROLS 6(i)

Chapter Six
DESIGN CONTROLS

Table of Contents

Section Page
6-1.0 HIGHWAY SYSTEMS ..o 6-1(1)
6-1.01 Functional Classification SYStem .........c..cooiiiiiiiiiiiiii e, 6-1(1)
6-1.01.01  AMEIAlS....uci e 6-1(1)

6-1.01.02  COlECIOIS...uui et 6-1(2)

6-1.01.03 Local Roads and Streets.......ccoceeeeieeeriiiiiiiiiiiee e, 6-1(2)

6-1.02 Federal-Aid SYSIEM ......ovviiiiie et 6-1(2)
6-1.02.01 National Highway System .........ccccoeeeviiiiiiiiiiiee e, 6-1(2)

6-1.02.02 Non-NHS/State Highway System..........cccccoeeveeiiiiiiiiinnnnnn. 6-1(3)

6-1.03 Classification by Type Of Ar€a ......ccooveeeiiiiiiiiiiii e, 6-1(3)
6-1.03.01 Rural Highways and Roads..............ccccovvviiieeeeeeerieiniinnnnnn. 6-1(3)

6-1.03.02 Urban Highways and StreetS..........ccevvvvvviiiiieeeeeecceiiiinnn, 6-1(4)

B-2.0  SPEED ... 6-2(1)
6-2.01 DEfiNItIONS. ..t a e aaaae 6-2(1)

6-2.02 DESIGN SPEEA... .. aaaan 6-2(1)

6-2.03 Posted Speed LimMit ... 6-2(3)

6-3.0 HIGHWAY CAP A C T Y it e e e et e e e e e e e aaaaes 6-3(1)
6-3.01 DEefiNItIONS.....cooiiiiiiiii i 6-3(1)

6-3.02 Selection of Design Hourly VOIUME.............uuiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiieees 6-3(2)

6-3.03 CaAPACILY ANAIYSES ....eeeiieiiiiiiiiiieitiieeeieeeebeee bbb ee e eebeeeebebbebbeneeernnene 6-3(3)

6-4.0 ACCESS CONTROL ...ttt 6-4(1)



6(ii) DESIGN CONTROLS January 2023

Table of Contents

(Continued)

Section Page
6-5.0 EXCEPTIONS TO GEOMETRIC DESIGN CRITERIA ..., 6-5(1)
6-5.01 DepartmMent INtENT..........uuuiii i e e e e e e e e eanees 6-5(1)

6-5.02 Controlling Design Criteria..........uueiiiieeeiieeiiieee e 6-5(1)

6-5.03 P Y o] o] o= 1 1 o] o [ 6-5(3)
6-5.03.01 Project Scope of WOrk ...........ieeeiiieeiiiiiiiiiee e, 6-5(3)

6-5.03.02 Highway System/Funding Source ..........ccccceeeeeeeeiiiiinnnnnnn. 6-5(3)

6-5.04 Procedures for EXCEPLIONS...........couviiiiiiii et 6-5(3)

6-6.0 REFERENCES ... ..o e 6-6(1)



December 2003 DESIGN CONTROLS 6-1(1)

Chapter Six
DESIGN CONTROLS

6-1.0 HIGHWAY SYSTEMS

6-1.01 Functional Classification System

The Department’s Highway Design Manual is based on the functional classification concept.
Chapters Two through Five summarize the Department’s design criteria for each functional class
for rural and urban highways and streets and for the Project Scope of Work.

The Department has functionally classified all public highways and streets within Connecticut.
The functional classification for each State highway can be found online in the Department’s
Highway Log or at Functional Classification Interactive App | CTDOT Open Data (arcgis.com) or
by contacting the Office of Roadway Information Systems.

6-1.01.01 Arterials

Arterial highways are characterized by a capacity to quickly move relatively large volumes of
traffic. They are sometimes deliberately restricted in their service to abutting properties. The
arterial functional class is subdivided into principal and minor categories for rural and urban areas:

1. Principal Arterials. In both rural and urban areas, the principal arterials provide the highest
traffic volumes and the greatest trip lengths. The designer should review the project scope
of work and the environmental documents to determine which of the following principal
arterials should be used in design and identify its corresponding criteria:

a. Freeways. The freeway is the highest level of principal arterials. Full control of
access, high design speeds and a high level of driver comfort and safety characterize
these facilities. For these reasons, freeways are considered a special type of
highway within the functional classification system, and separate design criteria have
been developed for these facilities.

b. Expressways. These are divided-highway facilities that are characterized by full or
partial control of access. Expressways with full control of access are actually
freeways. Partial control of access is characterized by a few at-grade intersections
with other public roads, and there may be an occasional private access.

c. Urban/Rural Arterials. These facilities usually consist of 2 or 4 lanes with or without
a median. Partial control of access is desirable along these facilities. A high level
of geometric design is desirable to move the high traffic volumes quickly and
efficiently through an area.
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2. Minor Arterials. In rural areas, minor arterials will provide a mix of interstate and
interregional travel service. In urban areas, minor arterials may carry local bus routes and
provide intracommunity connections, but they will not, for example, penetrate
neighborhoods. When compared to the principal arterial system, the minor arterials
provide lower travel speeds, accommodate shorter trips and distances and lower traffic
volumes but provide more access to property.

6-1.01.02 Collectors

Collector routes are characterized by a relatively even distribution of access and mobility
functions. Traffic volumes and speeds will typically be somewhat lower than those of arterials. In
rural areas, collectors serve intraregional travel needs and provide connections to the arterial
system. All cities and towns within a region will be connected. In urban areas, collectors act as
intermediate links between the arterial system and points of origin and destination. Urban
collectors typically penetrate residential neighborhoods and commercial and industrial areas.
Local bus routes will often include collector streets.

6-1.01.03 Local Roads and Streets
All public roads and streets not classified as arterials or collectors will have a local classification.
Local roads and streets are characterized by their many points of direct access to adjacent

properties and their relatively minor value in accommodating mobility. Speeds and volumes are
usually low and trip distances short. Through traffic is often deliberately discouraged.

6-1.02 Federal-Aid System

There are various FHWA program funds available for roadways and bridges within the Federal-
aid system. The following sections briefly describe the current Federal-aid system.

6-1.02.01 National Highway System

The National Highway System (NHS) is a system of those highways determined to have the
greatest national importance to transportation, commerce and defense in the United States. It
consists of the Interstate highway system, logical additions to the Interstate system, selected other
principal arterials, and other facilities that meet the requirements of one of the subsystems within
the NHS. The NHS represents approximately 4%-5% of the total public road miles in the United
States. Specifically, the NHS includes the following subsystems (note that a specific highway
route may be on more than one subsystem):

1. Interstate. The Interstate system of highways has a separate identity within the NHS.
There are also provisions to add miles to the existing Interstate subsystem.
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2. Other Principal Arterials. These are highways in rural and urban areas that provide access
between an arterial and a major port, airport, public transportation facility or other
intermodal transportation facility.

3. Strategic Highway Network (STRAHNET). This is a network of highways that are
important to the United States’ strategic defense policy and that provide defense access,
continuity and emergency capabilities for defense purposes.

4. Major Strategic Highway Network Connectors. These are highways that provide access
between major military installations and highways that are part of the STRAHNET.

6-1.02.02 Non-NHS/State Highway System

The State Highway System includes both NHS and Non-NHS facilities. The following describes
the State Highway System:

1. State Primary Highways. These are highways serving the predominant flow of traffic
between principal towns of the state and between such towns and similar towns of the
surrounding states.

2. State_Secondary Highways. These are highways which are connecting, and feeder
highways which supplement, the state primary system by serving the predominant flow of
traffic between the smaller towns of the state and between such towns and other towns in
the state and in surrounding states.

3. State Special Service Highways. These highways provide access from the primary and
secondary systems of state highways to federal and state facilities.

6-1.03 Classification by Type of Area

The functional classification system is based on urban or rural designation. For a highly
developed State like Connecticut, this is not sufficient to determine the appropriate project design.
Therefore, the design criteria in Chapters Two, Four and Five are further divided by the type of
area where the project is located. This refinement to the highway design process will allow the
designer to better tailor the project to the constraints of the surrounding environment.

The following sections briefly discuss the classifications by type of area for urban and rural
locations. The designer is responsible for determining which type of area is most appropriate for
the project under design.

6-1.03.01 Rural Highways and Roads

Chapter Four presents the Department’s design criteria for new construction or reconstruction of
rural highways and roads; Chapter Two presents the criteria for 3R non-freeway projects. Many
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highways in Connecticut are classified as rural but frequently pass through relatively built-up
areas. Therefore, Chapters Two and Four present design criteria based on the extent of roadside
development. The tables in the chapters provide criteria for the average number of access points
per mile per side. These criteria provide some guidance for the designer, but they should not be
considered rigid. In addition, the designer should consider the following narrative descriptions:

1. Open. This fits the traditional concept of a rural area. The driver has almost total freedom
of movement and is generally not affected by occasional access points along the highway
or road. Forthe purpose of determining the classification, access points will average less
than 15 per mile per side. Right-of-way is usually not a problem.

2. Low/Moderate Density. The roadside development has increased to a level where the
prudent driver will instinctively reduce his/her speed as compared to an open highway.
The driver must be more alert to the possibility of entering and exiting vehicles, but he/she
is still able to maintain a relatively high travel speed. The estimated number of access
points will average between 15 and 30 per mile per side. Right-of-way may be difficult to
attain.

3. Moderate/High Density. The roadside development has increased to a level that is
comparable to a suburban area within an urbanized boundary. The extent of the
development will have a significant impact on the selected travel speed of a prudent driver.
Exiting and entering vehicles are frequent, and traffic signals are typical at major
intersections. The estimated number of access points will average greater than 30 per
mile per side. Right-of-way is usually quite difficult to attain.

6-1.03.02 Urban Highways and Streets

Chapter Five presents the Department’s design criteria for new construction or reconstruction of
urban highways and streets; Chapter Two presents the criteria for 3R non-freeway projects. The
type of area where the project is located subdivides each functional classification table. The
designer should consider the following descriptions when selecting the applicable type of area:

1. Suburban. These areas are usually located at the fringes of urbanized and small urban
areas. The predominant character of the surrounding environment is usually residential,
but it will also include a considerable number of commercial establishments. There may
also be a few industrial parks in suburban areas. On suburban roads and streets, drivers
usually have a significant degree of freedom but, nonetheless, they must also devote
some of their attention to entering and exiting vehicles. Roadside development is
characterized by low to moderate density. Pedestrian activity may or may not be a
significant design factor. Right-of-way is often available for roadway improvements.

Local and collector streets in suburban areas are typically located in residential areas, but
may also serve a commercial area. Posted speed limits typically range between 25 and
40 mph. The majority of intersections will have stop or yield control, but there will be an



December 2003 DESIGN CONTROLS 6-1(5)

occasional traffic signal. A typical suburban arterial will have strip commercial
development and perhaps a few residential properties. Posted speed limits usually range
between 35 mph and 50 mph, and there will usually be a few signalized intersections along
the arterial.

2. Intermediate. As its name implies, intermediate areas fall between suburban and built-up
areas. The surrounding environment may be either residential, commercial or industrial
or some combination of these. On roads and streets in intermediate areas, the extent of
roadside development will have a significant impact on the selected speeds of drivers.
The increasing frequency of intersections is also a major control on average travel speeds.
Pedestrian activity has now become a significant design consideration, and sidewalks and
crosswalks at intersections are common. The available right-of-way will often restrict the
practical extent of roadway improvements.

Local and collector streets in intermediate areas typically have posted speed limits
between 25 and 35 mph. The frequency of signalized intersections has increased
substantially when compared to suburban areas. An arterial in an intermediate area will
often have intensive commercial development along its roadside. Posted speed limits
range between 30 and 40 mph. These arterials typically have several signalized
intersections per mile.

3. Built-up. These areas normally refer to the central business district within an urbanized
or small urban area. The roadside development has a high density and is often
commercial. However, a substantial number of roads and streets in built-up areas pass
through a high-density, residential environment (e.g., apartment complexes, row houses).
Access to property is the primary function of the road network in built-up areas; the
average driver rarely passes through a built-up area for mobility purposes. Pedestrian
considerations may be as important as vehicular considerations, especially at
intersections. Right-of-way for roadway improvements is usually not available.

Because of the high density of development in built-up areas, the distinction between the
functional classes (local, collector or arterial) becomes less important when considering
signalization and speeds. The primary distinction among the three functional classes is
often the relative traffic volumes and, therefore, the number of lanes. As many as half the
intersections may be signalized; posted speed limits typically range between 25 and 35
mph.
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6-2.0 SPEED
6-2.01 Definitions

1. Design Speed. Design speed is a selected speed used to determine the various geometric
design features of the roadway. A design speed is selected for each roadway being
improved on a project, which will establish the criteria for several design elements for that
specific roadway.

2. Low Speed. For geometric design applications, low speed is defined as less than or equal
to 45 mph.

3. High Speed. For geometric design applications, high speed is defined as greater than
45 mph.

4, Average Running Speed. Running speed is the average speed of a vehicle over a
specified section of highway. It is equal to the length of the highway section divided by
the running time required for the vehicle to travel through the section. The average running
speed is the distance summation for all vehicles divided by the running time summation
for all vehicles.

5. Average Travel Speed. Average travel speed is the distance summation for all vehicles
divided by the total time summation for all vehicles. (Note: Average running speed only
includes the time the vehicle is in motion. Therefore, on uninterrupted flow facilities that
are not congested, average running speed and average travel speed is equal).

6. Operating Speed. Operating speed, as defined by AASHTO, is the speed at which drivers
are observed operating their vehicles during free-flow conditions. The 85th percentile of
the distribution of observed speeds is the most frequently used measure of the operating
speed associated with a particular location or geometric feature.

7. 85th-Percentile Speed. The 85th-percentile speed is the speed below which 85 percent
of vehicles travel on a given highway. The most common application of the value is its
use as one of the factors, and usually the most important factor, for determining the
posted, regulatory speed limit of a highway section. In most cases, field measurements
for the 85th-percentile speed will be conducted during off-peak hours when drivers are
free to select their desired speed.

6-2.02 Design Speed

Design speed, perhaps more so than any other design control, will have a major impact on all
facets of geometric design. Many design elements, such as horizontal and vertical curvature,
superelevation and sight distances, are directly dependent on the design speed,; i.e., the selected
design speed is used directly in the equations for these geometric design elements. Other
features, such as lane and shoulder width and clear zones, logically vary with design speed but
are not a direct function of the design speed.
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Chapters Four and Five present the minimum design speeds for new construction and
reconstruction. The design speed will vary according to functional classification, urban/rural
location and type of area. Chapter Two presents the Department’s policy for determining the
design speed on 3R non-freeway projects. Design speeds are selected at 5-mph increments.

The following should be evaluated when determining the project design speed:

1. Balance. The selected design speed should be a reasonable balance between
topography, urban or rural character, and the functional use of the highway. The designer
must weigh the benefits of a desired degree of safety, mobility and efficiency against the
environmental, right-of-way and cost impacts.

2. Driver Expectancy. The element of driver expectancy should be considered when
selecting the design speed. The driver expects to be able to drive at certain maximum
speeds based on the functional and rural or urban character of the highway. Therefore,
the design speed should fit the travel desires and habits of the great majority of drivers.
Driver expectancy should also be considered where design speed transitions are
introduced. If a restrictive field condition is obvious, drivers are more likely to accept a
lower speed than if there is no apparent reason for it.

3. Traffic Volumes. This may also impact the selection of design speed. With all other factors
equal, a higher volume highway may justify a higher design speed because of the
increased capacity and savings in vehicular operating costs. However, the designer
should consider that at low volumes, drivers are likely to travel at higher speeds.
Therefore, the values in Chapters Four and Five are applicable to a wide range of traffic
volumes.

4, Consistency. When a substantial length of highway is under design, the designer should
assume a constant design speed. Where restrictive conditions dictate a lower design
speed, it should be introduced gradually over a sufficient distance to transition drivers
down to the lower speed.

5. Design Speed as Minimum Control. Although the selected design speed establishes the
minimum criteria for highway alignment, the designer should consider providing flatter
horizontal curves and longer sight distances if compatible with community objectives.
Even in difficult terrain, an occasional tangent or flat curve may be appropriate. The
designer should also be especially careful when providing a long tangent on any highway
and then a minimum curve radius at the end of the tangent. A lengthy tangent section
may encourage a driver to exceed the design speed of the horizontal curve.

6. Posted Speed Limit. For all new construction/reconstruction projects, the selected design
speed should equal or exceed the anticipated posted or regulatory speed limit of the
completed facility. This requirement recognizes the important relationship between likely
travel speeds and the highway’s design. It also recognizes that a posted speed limit
creates a definite driver expectation of safe operating speed. The design speeds in
Chapters Four and Five and the procedure in Chapter Two for 3R non-freeway projects
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are intended to achieve this objective. Section 6-2.03 discusses the Department’s policy
on determining the posted speed limit.

6-2.03 Posted Speed Limit

The Traffic Engineering Division is responsible for recommending the posted speed limit on all
State highways to the Department’s Office of the State Traffic Administration. It also typically
assists or advises municipalities in determining the posted speed on other public roads and
streets. The Traffic Engineering Division conducts an engineering evaluation of each site. The
following factors are evaluated:

the 85th percentile speed,

roadway geometrics,

functional classification and type of area,

type and density of roadside development,

crash experience, and

o g~ w DRk

pedestrian activity.
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6-3.0

6-3.01

1.

10.

11.

HIGHWAY CAPACITY
Definitions

AM/PM Peak Volumes. The one-hour volumes for each movement at an intersection or
interchange in the morning and evening. Both AM/PM Peak Volumes should be used for
intersection and interchange analyses in suburban and urban areas where traffic volumes
are high.

Average Annual Daily Traffic (AADT). The total yearly volume in both directions of travel
divided by the number of days in the year.

Average Daily Traffic (ADT). The calculation of average traffic volumes in both directions
of travel in a time period greater than one day and less than one year and divided by the
number of days in that time period. Although not precisely correct, ADT is often used
interchangeably with AADT. The use of ADT could be biased because of seasonal peaks.

Capacity. The maximum sustainable flow rate at which vehicles can reasonably be
expected to traverse a point or uniform section of a road during a given time period under
prevailing roadway, traffic and control conditions. The time period most often used for
analysis is 15 minutes.

Delay. A critical performance measure on interrupted flow facilities, especially at
signalized intersections. For this element, average stopped-time delay is measured,
which is expressed in seconds per vehicle.

Density. The number of vehicles occupying a given length of lane, averaged over space.
It is usually expressed as vehicles per mile (vpm) per lane.

Design Hourly Volume (DHV). The 1-hr volume in both directions of travel in the design
year selected for determining the highway’s design. Section 6-3.02 discusses the
Department’s policy for selecting the DHV for highway design. The 30th highest hourly
volume is normally used for design.

Directional Design Hourly Volume (DDHV). The 1-hr volume in one direction of travel in
the selected design year.

Directional Distribution (D). The division, by percent, of the traffic in each direction of
travel during the design hour.

K. The ratio of DHV to AADT. K will vary based on the hour selected for design and the
characteristics of the specific highway facility.

Level of Service (LOS). A qualitative concept that has been developed to characterize
acceptable degrees of congestion. LOS is used to describe operational conditions within
a traffic stream based on service measures such as speed, travel time and delay. In the
Highway Capacity Manual, the qualitative descriptions of each level of service (A to F)
have been converted into quantitative measures for the capacity analysis for each highway
element (e.g., freeway, signalized intersection). Chapters Four and Five present
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guidelines for selecting the level of service for highway design. These apply to all highway
elements (mainline, intersections, weaving areas, etc.)

12. Peak-Hour Factor (PHF). A ratio of the total hourly volume to the maximum 15-min rate
of flow within the peak hour.

13. Rate of Flow. The equivalent hourly rate at which vehicles pass over a given point or
section of a lane or roadway during a given time interval less than one hour, usually 15
minutes.

14, Service Flow Rate. The maximum hourly vehicular volume that can reasonably pass
through a highway element under prevailing roadway traffic and control conditions while
maintaining a designated level of service.

15. Truck Factor (T). A factor that reflects the percentage of heavy vehicles (trucks, buses
and recreational vehicles) in the traffic stream during the DHV, ADT and/or AADT. The
poorer operating capabilities and larger size of heavy vehicles must be reflected in the
capacity analysis.

6-3.02 Selection of Design Hourly Volume

For most geometric design elements that are impacted by traffic volumes, the peaking
characteristics are most significant. The highway facility should be able to accommodate the
predicted traffic volumes for the great majority of time at the selected level of service. An analysis
of peaking trends has led to the conclusion that the 30th highest hourly volume (30 HV) in the
selected design year is a reasonable design control. This design hourly volume (DHV) will affect
many design elements including the number of travel lanes, lane and shoulder width, and
intersection geometrics.

A highway should be designed to accommodate the traffic that might occur within the life of the
facility under reasonable maintenance. This involves projecting the traffic conditions for a
selected future year. For new construction and reconstruction, traffic volume projections are
usually based on 20 years from the expected construction completion date. This is a reasonable
compromise between a facility’s useful life, the uncertainties of long-range projections and the
consequences of inaccurate projections.

For 3R non-freeway projects, the designer should provide a highway facility that desirably, will
accommodate the DHV for ten years in the future at the selected level of service. At a minimum,
the highway facility should accommodate current traffic volumes at the selected level of service.
Chapter Two discusses the geometric design of 3R non-freeway projects in detail.

Bridge design life is considered to be approximately 50 years. This should be considered in the
geometric design of bridges and in the design of roadways that pass beneath a bridge.

The designer should analyze the proposed design using the a.m. and p.m. DHVs separately. This
could have an impact on the geometric design of the highway.
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The Office of Roadway Information Systems in the Bureau of Policy and Planning prepares traffic
forecasts for DHV, AADT, directional distribution and percentage of heavy vehicles. A simple
traffic analysis would be predicting the 30th highest hourly volume in 20 years by applying the
traffic growth factors to present volumes. The forecaster must also incorporate the impact of any
anticipated land development or traffic diversions onto or away from the facility. In addition, the
forecaster must determine the traffic characteristics of directional distribution and composition
specifically during the DHV. For intersections and interchanges, DHV forecasts must be made
for every possible through and turning movements.

6-3.03 Capacity Analyses

The highway mainline, intersection or interchange should be designed to accommodate the
selected design hourly volume (DHV) at the selected level of service. This may involve adjusting
the various highway factors that affect capacity until a design is developed that will accommodate
the DHV. The detailed calculation factors and methodologies are in the Highway Capacity Manual
(HCM). In reality, the design service volume of the facility should be calculated. When a highway
is at capacity, it is assumed to have a level of service E; design service volume is defined as the
maximum volume of traffic that a projected highway of designed dimensions is able to serve
without the degree of congestion falling below a preselected level.
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6-4.0 ACCESS CONTROL

Access control is defined as the condition where the public authority fully or partially controls the
right of abutting owners to have access to and from the public highway. The functional
classification of a highway (Section 6-1.0) is partially determined by the degree of access it allows.
Access control may be exercised by statute, zoning, right-of-way purchases, driveway controls,
turning and parking regulations, or geometric design (e.g., grade separations and frontage roads).

Chapters Two to Five provide the typical degree of access control for the various functional
classes and for the type of area. The following provides definitions for the three basic types:

1. Full Control. Full control of access is achieved by giving priority to through traffic by
providing access only at grade separation interchanges with selected public roads. No at-
grade crossings or private driveway connections are allowed. The freeway is the common
term used for this type of highway. Full control of access maximizes the capacity, safety
and vehicular speeds on the freeway.

2. Partial Control. Partial control of access is an intermediate level between full control and
regulatory restriction. Priority is given to through traffic, but a few at-grade intersections
and private driveway connections may be allowed. The proper selection and spacing of
at-grade intersections and service connections will provide a balance between the mobility
and access service of the highway.

3. Control by Reqgulation. All highways warrant some degree of access control. If access
points are properly spaced and designed, the adverse effects on highway capacity and
safety will be minimized. These points should be located where they can best suit the
traffic and land-use characteristics of the highway under design. Their design should
enable vehicles to enter and exit safely with a minimum of interference to through traffic.

The Department and all Connecticut municipalities exercise control by regulation to determine
where private interests may have access to and from the public road system. Occasionally,
statutory control is used on arterials to restrict access to only public roads and major traffic
generators. Zoning may be used to effectively control the adjacent property development so that
major generators of traffic will not develop. However, zoning restrictions are at the discretion of
the local government. Driveway regulations and permits are used to control the geometric design
of an entrance, driveway spacing and driveway proximity to public road intersections. Section 11-
8.0 discusses the applicable criteria for driveway design. The Department’s Highway
Encroachment Permit Regulations discusses the procedures and design criteria for obtaining
driveway permits onto State highways.



https://portal.ct.gov/DOT/Permits/Highways/Encroachment-Permit
https://portal.ct.gov/DOT/Permits/Highways/Encroachment-Permit
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6-5.0 EXCEPTIONS TO GEOMETRIC DESIGN CRITERIA

This Section discusses the Department’s procedures for identifying, justifying and processing
exceptions to the geometric design criteria in the Highway Design Manual.

6-5.01 Department Intent

The general intent of the Connecticut Department of Transportation is that all design criteria in
this Manual should be met. Where a range of values is presented, the designer should use the
upper values within the range where the cost, social, economic, community and environmental
impacts are not critical. This is intended to ensure that the Department will provide a highway
system that meets the transportation needs of the State and provides a reasonable level of safety,
comfort and convenience for the traveling public. However, recognizing that this will not always
be practical, the Department has established a process to evaluate and approve exceptions to
geometric design criteria.

6-5.02 Controlling Design Criteria

Controlling design criteria are those highway design elements that are judged to be the most
critical indicators of a highway’s safety and its overall serviceability. Obviously, not all design
criteria in the Department’'s Highway Design Manual are equally important. Therefore, the
Department and FHWA have identified those design elements that qualify as controlling criteria
and, therefore, must complete the formal documentation and approval process when not met.

The designer is also responsible for meeting the other design criteria in the Manual, if practical.
These criteria represent good engineering practice, and the designer should make every
reasonable effort to meet these criteria on all projects.

The following establishes the controlling criteria for the design exception process:

1. design speed;
2. travel lane and shoulder widths;
3. auxiliary lane and shoulder widths;

4, bridge widths;
5. structural capacity;
6. horizontal alignment:
a. minimum radii, and

b. compound curves which do not meet the 1.5:1 ratio;
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7. vertical curvature based on:
a. level SSD at crests, and
b. level SSD at sags;
8. maximum grades;
9. stopping sight distance (based on level grades);
10. cross slopes;
11. superelevation:
a. rate based on emax = 6.0%, and
b. transition lengths;
12. vertical clearances:!
13. accessibility requirements for disabled individuals; ?
14.  roadside clear zones; and®
15. intersection sight distance, see Section 11-2.02.3

The designer is encouraged to use the Department’s recommended design speed and then seek
design exceptions for individual elements that do not meet the applicable criteria for that design
speed (e.g., minimum radius, SSD at crest vertical curve).

1 For any design exception for vertical clearance on Interstate Routes [-84, 1-91, I-95 and 1-395, the
Department must receive concurrence from the Military Surface Deployment and Distribution Command
Transportation Engineering Agency (SDDCTEA) prior to requesting FHWA approval. The coordination
form can be found by clicking on the following link, https://www.fhwa.dot.gov/design/090415.cfm, and
should be submitted to the SDDCTEA with a copy to the FHWA.

2 No design exceptions are permitted which do not meet CGS Sections 7-118a and 14-253a or which do
not meet the Americans with Disabilities Act (Public Law 101-336).

3 Not FHWA controlling design criteria. Not controlling design criteria for projects designed by municipalities
(or their consultants) on facilities owned and maintained by the municipality except where they intersect
with State highways.


https://www.fhwa.dot.gov/design/090415.cfm
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6-5.03 Application

6-5.03.01 Project Scope of Work

This design exception process will apply to:

1. all new construction projects,

2. all reconstruction projects,

3. all 3R projects, and

4. bridge widths, underpass widths and vertical clearances on spot improvement projects

which involve work on a bridge. For other design elements, the design exception process
will apply to spot improvements as discussed in Section 3-2.02.

6-5.03.02 Highway System/Funding Source
The design exception process will apply as follows:

1. NHS. The process will apply to all projects on the National Highway System regardless
of the source of funding.

2. Non-NHS/State Highway System. The process will apply to all projects on State highways
not on the NHS regardless of the source of funding.

3. Off-State Highway System. The process will apply to all projects off the State highway
system that include Federal and/or State funds. It will not apply to projects off the State
highway system with 100% local funds.

6-5.04 Procedures for Exceptions

The designer will not request an exception to controlling design criteria until he/she has evaluated
the impacts of providing the minimum or better design values. If these impacts are judged to be
unacceptable, then the designer can initiate the exception process. The designer’s goal should
be to identify and seek approval of design exceptions prior to obtaining Design Approval.

The following establishes the procedures that the designer should follow for all proposed
exceptions to design criteria:

1. The designer should present information to demonstrate the impacts of meeting the
minimum or lower design criteria. This can include but is not limited to:

construction costs,
environmental consequences,
right-of-way impacts, and

a0 oW

community involvement/concerns.
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2. The designer should provide sufficient information to demonstrate the consequences of
using a design value that does not meet the minimum criteria. Where appropriate, this
may include but is not limited to:
a. impacts on traffic serviceability (i.e., level of service);
b. impacts on safety (i.e., crash history);
c. impacts on traffic operations; and
d. impacts on future maintenance.
3. The designer should prepare a written summary of the information and submit it to the
appropriate Division Chief for review.
4. The designer will then arrange a meeting through the office of the Engineering

Administrator to discuss all proposed design exceptions. The Engineering Administrator,
Division Chief and the Project Manager and/or Engineer will usually attend the meeting.
The FHWA will also be represented on all projects that have been designated as Projects
of Division Interest (PODI), and all projects that involve interstate routes.
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6-6.0 REFERENCES
1. A Policy on Geometric Design of Highway and Streets, AASHTO, 2018.
2. Highway Capacity Manual, TRB, 2000.

3. Code of Federal Regulations 23, Office of the Federal Register, published April 1 of every
year.
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7-1.0

Chapter Seven

SIGHT DISTANCE

STOPPING SIGHT DISTANCE

Stopping sight distance (SSD) is the sum of the distance traveled during a driver's
perception/reaction (or brake reaction) time and the distance traveled while decelerating to a
stop. Figure 7-1A presents the SSD values used in design. The designer is referred to AASHTO
A Policy on Geometric Design of Highways and Streets for the criteria and assumptions used to
develop the SSD. The designer should also consider the following:

1.

2.

3.

Height of Eye. When applying the SSD values, the height of eye is assumed to be 3.5 ft.

Height of Object. The height of object is assumed to be 2 ft.

Rounding. The SSD values, as determined from the AASHTO equations, have been
rounded up to the next highest 5-ft increment. A design exception is not required if the
SSD meets the computed value, and, if due to rounding, does not achieve the value in
Figure 7-1A.

Grade Adjustments. Because of gravitational forces, downgrades require greater
distances for braking and upgrades require lesser distances. Figure 7-1A provides
adjusted SSD values for grades. Selection of the appropriate gradient and SSD will be
based on the longitudinal gradient at the site of the brake application. Note that, for
design exception purposes, only those values that do not meet or exceed the “Level”
SSD criteria will require a design exception as discussed in Section 6-5.0.
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_ Downgrades Level Upgrades
Design
Speed -9% -6% -3% 0% +3% +6% +9%
(mph)
(ft) (ft) (ft) (ft) (ft) (ft) (ft)
20 130 120 120 115 110 110 105
25 175 165 160 155 150 145 140
30 230 215 205 200 200 185 180
35 290 275 260 250 240 230 225
40 355 335 315 305 290 280 270
45 430 400 380 360 345 335 320
50 510 475 450 425 405 390 375
55 595 555 520 495 470 450 435
60 690 640 600 570 540 515 495
65 790 730 685 645 615 585 565
70 895 825 775 730 690 660 635
Notes:
1. For grades intermediate between columns, use a straight-line interpolation to

calculate SSD. For example:

V =55 mph
G =-4.3%
SSD =520+ 233 (555 —520)
6-3
=520+ 15.2
=535.2 ft
2. See Section 9-3.0 for application of SSD to crest and sag vertical curves.

STOPPING SIGHT DISTANCE
Figure 7-1A
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7-2.0 DECISION SIGHT DISTANCE

7-2.01 Application

At some sites, drivers may be required to make decisions where the highway environment is
difficult to perceive or where unexpected maneuvers are required. These are areas of
concentrated demand where the roadway elements, traffic volumes and traffic control devices
may all compete for the driver’s attention. This relatively complex environment may increase the
required driver perception/reaction time beyond that provided by the SSD values (2.5 seconds)
and, in some locations, the desired vehicular maneuver may be a speed/path/direction change
rather than a stop. At these locations, the designer should consider providing decision sight
distance to provide an additional margin of safety. Decision sight distance reaction times range
from 3 to 10 seconds depending on the location and expected maneuver. The various
avoidance maneuvers assumed in the development of Figure 7-2A are:

1. Avoidance Maneuver A: Stop on rural road.
2. Avoidance Maneuver B: Stop on urban road.
3. Avoidance Maneuver C: Speed/path/direction change on rural road.
4, Avoidance Maneuver D: Speed/path/direction change on suburban road.
5. Avoidance Maneuver E: Speed/path/direction change on urban road.
Design Decision Sight Distance for Avoidance Maneuver (ft)
Speed
(mph) A B C D E
30 220 490 450 535 620
35 275 590 525 625 720
40 330 690 600 715 825
45 395 800 675 800 930
50 465 910 750 890 1030
55 535 1030 865 980 1135
60 610 1150 990 1125 1280
65 695 1275 1050 1220 1365
70 780 1410 1105 1275 1445

DECISION SIGHT DISTANCE
Figure 7-2A
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In general, the designer should consider using decision sight distance at any relatively complex
location where the driver perception/reaction time may exceed 2.5 seconds. Example locations
where decision sight distance may be appropriate include:

freeway exit/entrance gores;

freeway lane drops;

left-side entrances or exits;

at-grade intersections near a horizontal curve;

railroad/highway grade crossings;

approaches to detours and lane closures;

along high-speed, high-volume urban arterials with considerable roadside friction; or
traffic signals on high-speed rural highways.

©No WM E

As with SSD, the driver height of eye is 3.5 ft and the height of object is typically 2 ft. However,
candidate sites for decision sight distance may also be candidate sites for assuming that the
“object” is the pavement surface (e.g., freeway exit gores). Therefore, the designer may assume
a 0.0-in height of object for application at some sites.

7-2.02 Examples

* kk kkk k%

Example 7-2.1

Given:

An exit on a suburban freeway under design (design speed = 60 mph) is located just beyond a
bridge. The freeway passes over. The grade on each side of the overpass is 3%. The freeway
will carry high traffic volumes.

Problem:
Determine the needed sight distance to the exit gore.
Solution:

A freeway exit is a major decision point for the driver, and the highway design should provide
decision sight distance to the exit gore. The avoidance maneuver is a speed/path/direction
change (i.e., Avoidance Maneuver D).

1. From Figure 7-2A, the decision sight distance = 1125 ft.

2. Calculate the length of the crest vertical curve for the freeway overpass. The algebraic
difference in grade change is 6%. A height of object of 0.0 in to the exit gore will be
used. Section 9-3.0 provides the following equations for vertical curve lengths:
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AS?
L=
200 (|, + b, |
~ (6)1125¥
200 (,/ 35+ \/0.0)2
L =10,848 ft
3. The calculated length of vertical curve is obviously unrealistic for normal design.

Therefore, to meet the decision sight distance value, the designer should attempt to
flatten the upgrade and downgrade of the crest vertical curve.

Example 7-2.2

Given:

An at-grade intersection is located just beyond a horizontal curve on an urban 2-lane highway.
Both the highway and the intersection carry heavy traffic volumes. Frequent driveway entrances
exist on the highway. The design speed is 45 mph. The intersection has experienced a
disproportionate number of rear-end crashes on the mainline. The existing conditions are:

R = 1500 ft

Middle ordinate = 33 ft

Available Sight Distance = 500 ft
Problem:
Determine the need for any sight distance improvements.
Solution:

The combination of a horizontal curve, an intersection, high traffic volumes and frequent
driveways presents a relatively complex situation for the driver. The high crash rate at the
intersection indicates that the existing sight distance around the horizontal curve may be
inadequate. This is true even though the existing sight distance exceeds the criteria for stopping
sight distance at 45 mph. Therefore, improvements should be considered to provide decision
sight distance for a stop condition (i.e., Avoidance Maneuver B):

1. From Figure 7-2A, the decision sight distance = 800 ft.

2. Calculate the middle ordinate needed for the horizontal curve (see Chapter Eight):
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7-2(4)
MR [1—003 28.658J
M =15001| 1-cos w
1500
M =53 ft
3. Therefore, the roadside obstructions along the horizontal curve should be cleared

approximately an additional 20 ft to provide the extra sight distance. If this is impractical,
warning signs should be provided to give the driver advance warning of the situation

consistent with the values for decision sight distance.

*kk Kk Kk kK%
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7-3.0 INTERSECTION SIGHT DISTANCE

Section 11-2.0 discusses the design requirements of sight distance for intersections at-grade.
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7-4.0 REFERENCES

1. A Policy on Geometric Design of Highways and Streets, AASHTO, 2018.
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8-1.0

1.

10.

Chapter Eight
HORIZONTAL ALIGNMENT

DEFINITIONS

Simple Curves. These are continuous arcs of constant radius that achieve the necessary
highway deflection without an entering or exiting transition.

Compound Curves. These are a series of two or more simple curves with deflections in
the same direction immediately adjacent to each other.

Reverse Curves. These are two simple curves with deflections in opposite directions that
are joined by a relatively short tangent distance.

Broken-Back Curves. These are closely spaced horizontal curves with deflection angles
in the same direction with an intervening, short tangent section.

Spiral Curves. A curve of continuously varying radius.

Superelevation (e). Superelevation is the amount of cross slope or “bank” provided on a
horizontal curve to counterbalance, in combination with side friction, the centrifugal force
of a vehicle traversing the curve.

Maximum Superelevation (emax). The maximum rate of superelevation (emax) is an overall
superelevation control used on a specific facility. Its selection depends on several factors
including climatic conditions, terrain conditions, type of area (rural or urban), and highway
functional classification.

Side Friction (f). The interaction between the tire and the pavement surface to
counterbalance, in combination with the superelevation, the centrifugal force of a vehicle
traversing a horizontal curve.

Maximum Side Friction (fmax). Limiting values selected by AASHTO for use in the design
of horizontal curves. The designated fmax values represent a threshold of driver discomfort
and not the point of impending skid.

Superelevation Transition Length. The superelevation transition length is the distance
required to transition the roadway from a normal crown section to full superelevation. The
superelevation transition length is the sum of the tangent runout (TR) and superelevation
runoff (L) distances:

a. Tangent Runout (TR). Tangent runout is the distance needed to change from a
normal crown section to a point where the adverse cross slope of the outside lane
or lanes is removed (i.e., the outside lane(s) is level).
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b. Superelevation Runoff (L). Superelevation runoff is the distance needed to change
the cross slope from the end of the tangent runout (adverse cross slope removed)
to a section that is sloped at the design superelevation rate.
11. Axis of Rotation. The superelevation axis of rotation is the line about which the pavement

12.

13.

14.

15.

16.

17.

18.

19.

is revolved to superelevate the roadway. This line will maintain the normal highway profile
throughout the curve. The axis of rotation is generally located at the point of application of
grade.

Crossover Line. The lane line between any two adjacent lanes of traffic.

Superelevation Rollover. Superelevation rollover is the algebraic difference (A) between
the superelevated travel lane slope and the shoulder slope on the outside of a horizontal
curve.

Normal Crown (NC). The typical cross section on a tangent section of roadway (i.e., no
superelevation).

Remove Adverse Crown (RC). A superelevated roadway section that is sloped across the
entire traveled way in the same direction and at a rate equal to the cross slope on the
tangent section.

Relative Longitudinal Slope. In superelevation transition sections on two-lane facilities,
the relative gradient between the profile grade and edge of traveled way.

Open Roadways. All urban facilities with a design speed greater than 45 mph and all rural
facilities for all design speeds.

Low-Speed Urban Streets. All streets within an urbanized or small urban area with a
design speed less than or equal to 45 mph.

Point of Application of Grade. The point on the cross section where the elevation of the
calculated profile grade list is located.
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8-2.0 RURAL HIGHWAYS/HIGH-SPEED URBAN HIGHWAYS
This Section presents horizontal alignment criteria for all rural highways and for high-speed urban

highways (V > 45 mph). See Section 8-3.0 for horizontal alignment criteria for low-speed urban
streets (V < 45 mph).

8-2.01 General Controls

Much of the criteria for horizontal alignment seek to establish minimum design values that are
based on specific limiting factors. These include side-friction factors, superelevation, longitudinal
gradients for superelevation transition, and middle ordinate values for sight distance. In addition,
the designer should adhere to several general controls for horizontal alignment. These are based
on aesthetic and safety considerations. They include:

1. Horizontal alignment should be as directional as possible. Where feasible, minimum radii
should be avoided. Flatter curvature with shorter tangents is generally preferable to sharp
curves connected by long tangents.

2. Curves with small deflection angles should be long enough to avoid the appearance of a
kink. For a central angle of 5° or less, the curve should be at least 500 ft long. On freeways,
the designer should try to provide a curve length, in feet, of at least 30 times the design
speed in mph. On other major highways, try to provide a curve length 15 times the design
speed.

3. Very small deflection angles may not require a horizontal curve; i.e., the roadway may be
designed with an angular break. As a general guide, the designer may consider using an
angle point when the deflection angle is less than 1°. The evaluation on the use of an
angle point will be based on urban/rural location, aesthetics, construction costs and the
visibility of the kink.

4, Broken back curvature should be avoided.

5. Sharp horizontal curves should not be introduced near crest or sag vertical curves. The
combination of horizontal and vertical curves can greatly reduce sight distance, and the
likelihood of crashes is increased.

6. Horizontal curves and superelevation transitions should be avoided on bridges. These
cause design, construction and operational problems when snow and ice are present. The
designer should not, however, avoid placing a curve on a bridge if this results in sharp
horizontal curves on the approaching roadway. Where a curve is necessary on a bridge,
a simple curve should be used on the bridge, and any superelevation development should
be placed on the approaching roadway.

7. Normally, simple circular curves will be used in design. However, spiral curves may be
considered throughout the length of a curve to fit the roadway into a restricted roadside.
Spiral transition curves should be considered in areas where high speeds are anticipated
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in combination with tight curvature. For additional information, refer to any available
Survey Manual.

8. The crossover line will often be a control for setting the rates of superelevation and radius
and profile where two roadways converge. Freeway gores are an example.

9. The radius of a ramp curve ending parallel to a freeway should be within 1000 ft of the
radius of the freeway.

8-2.02 Horizontal Curvature

8-2.02.01 Theoretical Discussion

From the laws of mechanics, the point mass formula for vehicular operation on a curve is used to
define the curvature radius. The basic equation is:

2
RS
where: R = radius of curve, ft
e = superelevation rate (expressed as a decimal)
f = side-friction factor
V = vehicle speed, mph

A number of assumptions are reflected in the values used in highway design for rural highways
and high-speed urban highways. These apply both to the limiting values for curvature and to the
method of determining superelevation for radii greater than the minimum. The designer should
reference A Policy on Geometric Design of Highways and Streets for more information.

8-2.02.02 Application

Figure 8-2A provides design superelevation rates for combinations of radii and design speeds.
The figure also provides the design lengths for superelevation runoff (from the end of the tangent
runout to full superelevation). This is discussed in detail in Section 8-2.03. Note that
Figure 8-2A is based on emax = 6.0%. In built-up areas where attaining the superelevation rates
in Figure 8-2A is impractical, it is acceptable to use emax = 4.0%. Refer to A Policy on Geometric
Design of Highways and Streets for superelevation rates based on emax = 4.0%.

Figure 8-2B presents the minimum radii for which the normal crown (NC) section can be
maintained around the curve. Figure 8-2B also presents the radii for which remove (adverse)
crown (RC) applies. Inthis range, it is considered sufficient to remove the crown and superelevate
the pavement at a rate of 1.5%. These combinations of radii and design speed are also noted
as “RC” in Figure 8-2A.
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V =25 mph V =30 mph V =35 mph V =40 mph V =45 mph
R* e L (ft) e L (ft) e L (ft) e L (ft) e L (ft)
(ft) %) | A B | @) | A B | %) | A B | %) | A B | %) | A B
10000 NC 0 0 NC 0 0 NC 0 0 NC 0 0 NC
8000 NC 0 0 NC 0 0 NC 0 0 NC 0 0 NC
6000 NC 0 0 NC 0 0 NC 0 0 NC 0 0 RC 44 67
5000 NC 0 0 NC 0 0 NC 0 0 RC 41 62 RC 44 67
4000 NC 0 0 NC 0 0 RC 39 58 RC 41 62 2.3 51 77
3500 NC 0 0 NC 0 0 RC 39 58 21 43 65 2.6 58 87
3000 NC 0 0 RC 36 55 RC 39 58 2.4 50 74 29 64 97
2500 NC 0 0 RC 36 55 2.3 45 67 2.8 58 87 3.3 73 110
2000 RC 34 51 2.2 40 60 2.7 52 78 3.3 68 102 | 3.8 84 127
1800 RC 34 51 24 44 65 3.0 58 87 35 72 109 | 4.1 91 137
1600 RC 34 51 2.6 47 71 3.2 62 93 3.8 79 118 4.3 96 143
1400 2.3 39 59 29 53 79 3.5 68 102 | 4.1 85 127 | 46 | 102 | 153
1200 2.6 45 67 3.2 58 87 3.8 74 110 4.4 91 137 5.0 111 167
1000 2.9 50 75 3.6 65 98 4.1 79 119 | 4.8 99 149 | 54 | 120 | 180
900 31 53 80 3.7 67 101 | 4.3 83 125 | 50 | 103 | 155 | 5.6 | 124 | 187
800 3.3 57 85 3.9 71 106 | 4.6 89 134 | 53 | 110 | 164 | 58 | 129 | 193
700 35 60 90 4.2 76 115 | 4.9 95 142 | 56 | 116 | 174 | 6.0 | 133 | 200
600 3.8 65 98 4.5 82 123 | 52 | 101 | 151 | 5.8 | 120 | 180 Rmin = 645
500 4.0 69 103 | 4.8 87 131 | 56 | 108 | 163 | 6.0 | 124 | 186
450 4.2 72 108 5.0 91 136 5.7 110 165 Rmin = 485
400 4.4 75 113 5.3 96 145 59 114 171
350 4.7 81 121 5.5 100 150 6.0 116 174
300 5.0 86 129 | 58 | 105 | 158 Rumin = 340
250 5.3 91 136 | 6.0 | 109 | 164
200 5.7 98 147 Rmin = 235
150 6.0 | 103 | 154
emax = 6.0%  f—omn =%
Key: R = Radius of curve (ft)
V = Design speed (mph)
e =  Superelevation rate (%)
L = Minimum length of superelevation runoff (from adverse cross slope removed to full super) (ft)
A = ‘L”for 2-lane, 2-way roadway rotated about the centerline
B = “L”for 4-lane divided highway rotated about the two median edges
NC =  Normal crown
RC = Remove (adverse) crown

* For curve radii intermediate between table values, use a straight-line interpolation to determine the
superelevation rate.

Note:

{;41/ and HB. ”

See Section 8-2.03.03 and Figure 8-2E for superelevation runoff lengths for conditions other than

RATE OF SUPERELEVATION AND MINIMUM LENGTH OF RUNOFF
Figure 8-2A
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V =50 mph V =55 mph V = 60 mph V =65 mph V =70 mph
R* e L (ft) e L (ft) e L (ft) e L (ft) e L (ft)
(ft) %) | A B (%) A B | | A B | (%) B (%) A B
17000 NC 0 0 NC 0 0 NC 0 0 NC NC
14000 NC 0 0 NC 0 0 NC 0 0 NC NC
12000 NC 0 0 NC 0 0 NC 0 0 RC 56 84 RC 60 90
10000 NC 0 0 NC 0 0 RC 53 80 RC 56 84 2.1 63 95
8000 NC 0 0 RC 51 77 RC 53 80 2.3 64 96 25 75 | 113
6000 RC 48 72 2.2 56 84 2.6 69 104 | 2.9 81 121 | 3.2 96 | 144
5000 2.2 53 79 2.6 66 100 3.0 80 120 3.3 92 138 3.7 111 167
4000 2.7 65 97 3.1 79 119 3.6 96 144 4.0 112 167 4.4 132 198
3500 3.0 72 108 | 3.4 87 | 130 | 3.9 | 104 | 156 | 44 | 123 | 184 | 4.9 | 147 | 221
3000 34 82 122 | 3.8 97 | 146 | 43 | 115 | 172 | 48 | 134 | 201 | 53 | 159 | 239
2500 3.8 91 137 4.3 110 | 165 4.8 128 192 5.3 148 222 5.8 174 | 261
2000 4.3 103 155 4.9 125 | 188 54 144 216 5.8 162 243 6.0 180 | 270
1800 4.6 110 166 5.1 130 | 195 5.6 149 224 6.0 167 251 Rmin = 2045
1600 49 | 118 | 176 | 54 | 138 | 207 | 5.9 | 157 | 236 Rmin = 1660
1400 5.2 125 187 5.7 146 | 218 6.0 160 240
1200 55 | 132 | 198 | 59 | 151 | 226 Rmin = 1335
1000 59 | 142 | 212 | 6.0 | 153 | 230
900 6.0 | 144 | 216 Rmin = 1065
€max = 6.0% Ruin = 835
Key: R = Radius of curve (ft)
V = Design speed (mph)
e =  Superelevation rate (%)
L = Minimum length of superelevation runoff (from adverse cross slope removed to full super) (ft)
A = ‘“L”for 2-lane, 2-way roadway rotated about the centerline
B = “L”for 4-lane divided highway rotated about the two median edges
NC =  Normal crown
RC = Remove (adverse) crown

* For curve radii intermediate between table values, use a straight-line interpolation to determine the
superelevation rate.

Note:

{:/4’7 and HB. ”

Figure 8-2A
(Continued)

See Section 8-2.03.03 and Figure 8-2E for superelevation runoff lengths for conditions other than

RATE OF SUPERLEVATION AND MINIMUM LENGTH OF RUNOFF
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Design Speed Radius (ft)
(mph) Normal Crown Remove (Adverse) Crown See Figure 8-2A
25 R = 2290 2290 > R = 1630 R < 1630
30 R = 3130 3130 > R = 2240 R < 2240
35 R = 4100 4100 > R = 2950 R < 2950
40 R = 5230 5230 > R = 3770 R < 3770
45 R = 6480 6480 > R = 4680 R < 4680
50 R = 7870 7870 > R = 5700 R < 5700
55 R = 9410 9410 > R = 6820 R < 6820
60 R = 11,100 11,100 > R = 8060 R < 8060
65 R = 12,600 12,600 > R = 9130 R < 9130
70 R = 14,100 14,100 > R = 10,300 R < 10,300
Note: Flatter radius is based on a theoretical superelevation rate of +.015.

Sharper radius is based on a theoretical superelevation rate of +.020.

RANGE OF RADII FOR NORMAL CROWN SLOPE AND REMOVE CROWN SLOPE

Figure 8-2B

8-2.02.03 Types of Curvature

Horizontal curves are necessary to achieve deflectional changes in alignment on the roadway.
This may be accomplished by one of two methods — a simple curve or a compound curve. The
following discusses each of the horizontal curvature types:

1.

Simple Curves. A simple curve is a constant, circular radius that achieves the desired
deflection without using an entering or exiting transition. Considering their simplicity and
ease of design, survey and construction, the Department uses this type of curve most
often. Figure 8-2C illustrates a typical simple curve layout.

Compound Curves. Compound curves are often used to avoid some control or obstacle
that cannot be relocated. Compound curves can be developed with any number of
individual simple curves (2-centered, 3-centered, etc.), and they can be symmetrical or
asymmetrical. The geometry of each curve within the compound curvature arrangement
is identical to that of a simple curve (Figure 8-2C). Figure 8-2D provides the layout of a
symmetrical, 3-centered curve. This is only one example of how a compound curve can
be designed.

When compound curves are used on mainline, the radius of the flatter circular arc (R1)
should not be more than 50% greater than that of the sharper arc (Ry); i.e., R1 < 1.5Ro.
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CURVE SYMBOLS

A = Deflection Angle, degrees

T = Tangent Distance = distance from PC to
PI = distance from Pl to PT

L = Length of curve in feet = distance from PC
to PT along curve

R = Radius of curve

E = External Distance (Pl to mid-point of
curve)

LC = Length of long chord — PC to PT

M = Middle Ordinate (mid-point of arc to mid-

point of long chord)

CURVE FORMULA

e

CIRCULAR CURVE ABBREVIATIONS

P.C. = PC = Pointof Curvature
(Beginning of Curve)

P.T. = PT = Pointof Tangency (End of
Curve)

P.I. = PI = Point of Intersection of
Tangents

P.C.C. = PCC = Point of Compound
Curvature

L=A2nR
360
EzL—R
A
cos| —
3)
E=Ttan(éj
4
A A
LC=2R|sin=|=2T|cos =
[sin)-27[cos3)
M:R(l—cos AD
2

vl

O=R-R?>-t* =R - R (cos ¢)

1-coso

tan é —sin
5 ¢

n =3.141592653

tan o =

LONG CHORD

LAYOUT OF SIMPLE CURVE
Fiaure 8-2C
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Given: R1, Rz, A1 and p

A R,+p
1. T,=(R,+ p)tan= 5. E= —2""__R
1= (Rer prans cos(A/2) ?
2. A= cost{ Rz Re= P 6. M =Rz—[Rcos (A/2 - A1)]
Rl_ R2
3. T =Ti+(Ri—R2)sin A 7. y =(R2+p)-Rzcos A1

4, T2=T1—-Rz2sinA1

Note: “p” is the offset location between the interior curve (extended) to a point where it
becomes parallel with the tangent line.

THREE-CENTERED SYMMETRICAL COMPOUND CURVE

Figure 8-2D
LAYOUT OF SIMPLE CURVE

Fiaure 8-2C
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8-2.03 Superelevation Development

8-2.03.01 AXxis of Rotation

The axis of rotation is the line about which the pavement is revolved to superelevate the roadway.
This line will maintain the normal highway profile throughout the horizontal curve.

On 2-lane and undivided multilane highways, the axis of rotation will almost always be the
centerline of the roadway (see Figure 8-2F). This method results in the least amount of elevation
differential between the edges of the travel lanes and their normal profile. For 2-lane roadways,
the designer will use the lengths from Column A in Figure 8-2A. Occasionally, it may be warranted
to rotate the pavement about the inside edge of the travel lane. This may be preferable when the
lower edge profile is a major control, as for drainage. For 2-lane roadways in this case, the
designer will use the lengths from Column B in Figure 8-2A.

Divided highways with medians require special consideration. The basic choices for selecting the
axis of rotation are:

1. Rotate about the centerline of the median, which will also be the centerline of the entire
roadway section.

2. Rotate about the two median edges and hold the median in a horizontal plane.
3. Rotate each roadway separately and provide a compensating slope in the median.
4, On roadways with independent alignment, rotate each one separately.

Several highway features may significantly influence the superelevation development for divided
highways. These include guiderail, median barriers and drainage. The designer should carefully
consider the intended function of these features and ensure that the superelevated section does
not compromise their operation. Chapters Four and Five provide typical cross section figures for
superelevated urban and rural highways for both divided and undivided highways.

8-2.03.02 Transition Length (Two-Lane Roadways)

The superelevation transition length is the distance required to transition the roadway from a
normal crown section to the full superelevation needed. The length combines both the tangent
runout distance (TR) and the superelevation runoff length (L).

Figure 8-2A presents the lengths of superelevation runoff. The tangent runout length, which is the
distance from the normal crown to where the adverse cross slope is removed, is in addition to the
superelevation runoff length. Typically, the relative longitudinal gradient for the tangent runout will
be set equal to that for the superelevation runoff. The designer may also use graphical methods
to determine the tangent runout.
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8-2.03.03 Transition Length (Multilane Highways)

The superelevation runoff distance for multilane highways is calculated by:

L=CxL2
where:
L = Superelevation runoff length for multilane highway, ft
Lo = Superelevation runoff length for a 2-lane roadway, ft
C = Ratio of runoff length for a multilane highway to runoff length for a 2-lane

roadway (see Figure 8-2E)

Number of Lanes c
Being Rotated*
One 1.0
Two 1.5%*
Three 2.0
Four 2.5

*  This column refers to the number of lanes being rotated on either side of the axis rotation.
Select the higher value. For example, if the axis of rotation for a 3-lane roadway is about the
edge of the interior lane, two lanes will be rotated on one side of the axis and one lane will be
rotated on the other side. The higher number is two, and C is 1.5.

Note also that a C = 1.5 should be used to determine the superelevation runoff length for a 2-
lane, 2-way roadway where the axis of rotation is about either edge of the traveled way.

As another example, consider a 5-lane roadway (i.e., four through lanes and a two-way, left-
turn lane (TWLTL)) with the axis of rotation in the center of the TWLTL. In this case, the
number of lanes being rotated is 2.5; therefore, C = 1.75.

** Column B in Figure 8-2A presents values based on C = 1.5.

C VALUES
(Superelevation Runoff Lengths, Multilane Highways)

Figure 8-2E
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8-2.03.04 Application of Transition Length

The location of the transition length may be shifted within the indicated limits to obtain practical
beginning and ending points. In most cases, the designer will likely locate the transition termini at
the nearest 50-ft or 100-ft station. In addition, the designer should examine the relationship
between the horizontal and vertical alignment to provide a desirable visual impact.

8-2.03.05 Effects of Curvature Type

Horizontal curvature may be a simple curve or a compound curve. Superelevation development
will vary for each type. In addition, superelevation development must be carefully addressed at
closely spaced reverse curves. Each is discussed:

1. Simple Curves. The typical figures in Section 8-2.03.07 illustrate superelevation develop-
ment for simple curves. The designer must distribute the placement of the transition length
between the tangent section (where no superelevation is needed) and the curve section
(where full superelevation is needed). No distribution method can be completely justified.
As an approximation, 60% - 80% of the full superelevation should be reached at the PC.
If practical, try to provide 0.67e at the PC. This superelevation rate will be reached at 0.67
of the superelevation runoff length.

2. Compound Curvature.  The typical figure in Section 8-2.03.07 illustrates the
superelevation development for compound curvature. These criteria should be met:

a. Figure 8-2A provides the runoff lengths required for various design speeds and radii.
Regardless of the radius, the gradient for all runoff lengths in this chart is essentially the
same for any design speed. This relative gradient is what is important when establishing
a superelevation diagram for a compound curve. In some cases, the distance between the
PC and the PCC in a compound curve will allow a single uniform longitudinal gradient to
be used, providing that it does not vary significantly from the gradient based on the runoff
length from the chart. As an approximation, 60% to 80% of the full superelevation should
be reached at the PC. If practical, try to provide 0.67e at the PC. Between 60% and 100%
of the full superelevation should be reached at the PCC.

b. If the distance between the PC and the PCC or between two PCC points is such that a
single uniform longitudinal gradient cannot be used without varying significantly from the
gradient based on the runoff length from the chart, then the superelevation for each curve
should be transitioned separately using the same design speed gradient. Where
superelevation for the entering curve equals or exceeds 0.67e for the next curve, begin
transitioning at approximately the PCC using essentially the same gradient as for the
entering curve. Remember that the gradients are essentially the same for any design
speed. Where superelevation for the entering curve is less than 0.67e for the next curve,
use approximately the same gradient as for the entering curve, transitioning through the
PCC as for simple curves trying to provide 0.67e at the PCC.
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3. Reverse Curves. For closely spaced reverse curves, it is not necessary to achieve an
intermediate crowned section between the curves; i.e., a continuously rotating plane may
be provided. The designer should adhere to the applicable superelevation development
criteria for each curve. For example, assume that each curve is a simple curve and
assume that 0.67 of the full superelevation is provided at the PT and PC. This means that
the minimum length of the tangent section between the PT and PC is:

Ltan = 0.67 L1 + TR1 + TR2 + 0.67 L>

where:
Ltan = Tangent distance between PT and PC, ft
L1 = Superelevation runoff length for first curve, ft
TRy = Tangent runout length for first curve, ft
TR, = Tangent runout length for second curve, ft
L, = Superelevation runoff length for second curve, ft

It is undesirable to have a zero tangent distance between the two curves (i.e., where the
PT of the first curve is coincident with the PC of the second curve). This type of alignment
requires the driver to shift his steering from a curve in one direction to a curve in the other
at exactly the point of reverse curvature if he is to remain within his lane. It is not possible
to have a minimum amount of superelevation at the beginning of the curve, and transitions
are more difficult. This lowers the effective design speed of the curve within the transition
zone. ltis preferable to use tighter radii to provide the tangent length required to effect the
introduction of superelevation and allow the driver time to react. Tangent length is required
even when superelevation is not used in order to accomplish steering maneuvers. Provide
a minimum of 2.5 seconds of travel time on a tangent section between two reverse curves
at the design speed.

8-2.03.06 Shoulder Superelevation

Figures 4H and 5J provide the detail for shoulder superelevation on the high side of the roadway.
This detail will apply when the shoulder width is 4 ft or more and will apply to the entire range of
superelevation rates (1.5% to 6.0%). When the shoulder width is less than 4 ft, it will be
superelevated at the same rate and in the same direction as the travel lane. In this case, the
designer should ensure that the drainage for the area beyond the roadway will not flow into the
roadway.

On the low side, the shoulder cross slope will remain equal to its rate on the tangent section until
the superelevated rate exceeds that value. Then, the shoulder will be sloped at the same rate as
the superelevated travel lanes.

Section 10-1.02.02 contains criteria on shoulders across superelevated bridges.
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8-2.03.07 Typical Figures

Based on the discussion in the previous Sections, the following figures illustrate the Department’s
methods for superelevation development:

1. Figure 8-2F is applicable to 2-lane roadways rotated about the centerline where a simple
curve is used.

2. Figure 8-2G is applicable to 2-lane roadways rotated about the centerline where
compound curvature is provided.

3. Figure 8-2H is applicable to roadways with three or four lanes where a simple curve is
used. The axis of rotation is about the centerline (4-lane roadways) or about one inside
edge of travel lane (3-lane roadways). If a compound curve is used, the designer will
modify the superelevation development as illustrated in Figure 8-2G.

4, Figure 8-21 is applicable to roadways with five or six lanes where a simple curve is used.
The axis of rotation is about the centerline (6-lane roadway) or about either edge of the
center lane (5-lane roadways). If a compound curve is used, the designer will modify the
superelevation development as illustrated in Figure 8-2G.

8-2.04 Sight Distance Through Curves

The designer must evaluate the impact of sight obstructions that are located laterally on the inside
of horizontal curves. These may interfere with the required sight distance and should be removed
if practical.

8-2.04.01 Sight Obstruction (Definition)

Sight obstructions on the inside of a horizontal curve are defined as significant obstacles that
interfere with the line of sight. These include walls, cut slopes, wooded areas, buildings and high
farm crops. In general, point obstacles such as traffic signs and utility poles are not considered
sight obstructions on the inside of horizontal curves. The designer must examine each curve
individually to determine whether it is necessary to remove an obstruction or adjust the horizontal
alignment to obtain the required sight distance.
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8-2.04.02 Length of Curve > Sight Distance

Where the length of curve (L) is greater than the sight distance (S) used for design, the needed
clearance on the inside of the horizontal curve is calculated as follows:

M=R (1— cos [@B (Equation 8-2.1)

Where:

M = Middle ordinate, or distance from the center of the inside of the travel lane into the
obstruction, ft

R = Radius of centerline of inside travel lane, ft

S = Sight distance, ft

Note: The expression (@) is in degrees, not radians.

Stopping Sight Distance (SSD)

At a minimum, SSD will be available throughout the horizontal curve. Figure 8-2J provides the
horizontal clearance criteria (i.e., middle ordinate) for various combinations of stopping sight
distance and curve radii. For those selections of S which fall outside of the figures (e.g., M > 40 ft
and/or R < 100 ft), the designer should use Equation 8-2.1 to calculate the needed clearance.

The Example on Figure 8-2K illustrates the determination of clearance requirements at a
horizontal curve based on SSD.

Decision Sight Distance (DSD)

At some locations, it may be warranted to provide decision sight distance at the horizontal curve.
Chapter Seven discusses candidate sites and provides design values for these sight distance
criteria. These “S” values should be used in the basic equation to calculate “M” (Equation 8-2.1).

Entering/Exiting Portions

The M values from Figure 8-2L apply between the PC and PT. In addition, some transition is
needed on the entering and exiting portions of the curve. The designer should use the following
steps:
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Step 1:  Locate the point that is on the outside edge of shoulder and a distance of S/2 before
the PC.

Step 2: Locate the point which is a distance M measured laterally from the center of the inside
travel lane at the PC.

Step 3: Connect the two points located in Step #s 1 and 2. The area between this line and the
roadway should be clear of all continuous obstructions.

Step4: A symmetrical application of Step #s 1 through 3 should be used beyond the PT.

The Example on Figure 8-2K illustrates the determination of clearance requirements entering and
exiting from a curve.

8-2.04.03 Length of Curve < Sight Distance

Where the length of curve is less than the sight distance used in design, the M value from the
basic equation will never be reached. As an approximation, the horizontal clearance for these
curves should be determined as follows:

Step 1: For the given R and S, calculate M assuming L > S.

Step 2:  The maximum M’ value will be needed at a point of L/2 beyond the PC. M’ is calculated
from the following proportion:

M _12L
M S
M = 1.2 (;) (M) (Equation 8-2.2)

Where: M <M

Step 3: Locate the point that is on the outside edge of shoulder and a distance of S/2 before
the PC.

Step4:  Connect the two points located in Step #s 2 and 3. The area between this line and the
roadway should be clear of all continuous obstructions.

Step 5: A symmetrical application of Step #s 2 through 4 should be used on the exiting portion
of curve.

The Example on Figure 8-2L illustrates the determination of the clearance requirements where L
<S.
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CENTER OF INSIDE TRAVEL LANE

SHADED AREA SHOULD BE
FREE OF SIGHT OBSTRUCTIONS

Example 8-2.1

Given: Design Speed = 60 mph
R = 1000 ft

Problem: Determine the horizontal clearance requirements for the horizontal curve to meet the
SSD on level grade.

Solution: Figure 7-1Ayields a SSD = 570 ft. Using the equation for horizontal clearance (L > S):

-r [1-cos [ 2855

M =1000 (1— cos {(2865—)(570)}] = 40.34 ft
1000

The above figure also illustrates the horizontal clearance requirements for the entering and exiting
portion of the horizontal curve.

SIGHT CLEARANCE REQUIREMENTS FOR HORIZONTAL CURVES
(L > SSD)

Figure 8-2K
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L = 600"

CENTER OF INSIDE TRAVEL LANE

SHADED AREA SHOULD BE
FREE CF SIGHT OBSTRUCTIONS

Example 8-2.2

Given: Design Speed = 70 mph
R = 2000 ft
L =600 ft
Grade = 6.0% downgrade

Problem: Determine the horizontal clearance requirements for the horizontal curve.

Solution: Because the downgrade is greater than 3.0%, the curve should be designed adjusted
for grade. Figure 7-1A yields a SSD value of 825 ft for 70 mph and a 6.0% downgrade.
Therefore, L < S (600 ft < 825 ft), and the horizontal clearance is calculated first using
Equation 8-2.1:

(28.65) (825)

M (L > S)=2000 {1—005
2000

} =42.39 ft

Then, using Equation 8-2.2:

M (L<S)=22 (60;2) 5(42.39)

M’ = 36.99 ft

Therefore, a maximum clearance of 36.99 ft should be provided at a distance of L/2 = 300 ft
beyond the PC.

SIGHT CLEARANCE REQUIREMENTS FOR HORIZONTAL CURVES
(L < SSD)

Figure 8-2L
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8-2.04.04 Application

For application, the height of eye is 3.5 ft and the height of object is 2 ft. Both the eye and object
are assumed to be in the center of the inside travel lane. The line-of-sight intercept should be
unobstructed at least 2.75 ft above ground level where it is outside of the paved roadway.

8-2.04.05 Longitudinal Barriers

Longitudinal barriers (e.g., bridge rails, guiderail, CMB) may cause sight distance problems at
horizontal curves because barriers are placed relatively close to the travel lane (often, 10 ft or
less) and because their height is sometimes greater than 2.75 ft.

The designer should check the line of sight over a barrier along a horizontal curve and attempt, if
practical, to locate the barrier such that it does not block the line of sight. The following should be
considered:

1. Superelevation. A superelevated roadway will elevate the driver eye and, therefore,
improve the line of sight over the barrier.

2. Grades. The line of sight over a barrier may be improved for a driver on an upgrade and
lessened on a downgrade.

3. Barrier Height. The higher the barrier, the more obstructive it will be to the line of sight.

Each barrier location on a horizontal curve will require an individual analysis to determine its
impacts on the line of sight. The designer must determine the elevation of the driver eye (3.5 ft
above the pavement surface), the elevation of the object (2 ft above the pavement surface) and
the elevation of the barrier where the line of sight intercepts the barrier run. If the barrier does
block the line of sight to a 2-ft object, the designer should consider relocating the barrier or revising
the horizontal alignment. If the barrier blocks the sight distance needed for minimum SSD on the
mainline, it will be necessary to obtain a design exception.

8-2.05 Crossover Line

When adjacent lanes have different cross slopes and the driver moves from one lane to the other,
there is a pull on the vehicular steering. This pull can cause erratic behavior when it becomes
excessive. To control this, the difference in cross slope on adjacent lanes must be within the limit
shown in Figure 8-2M. This will limit the radius and superelevation rates which may be used under
certain conditions (e.g., when a ramp enters a freeway).
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Desian Speed Maximum Algebraic Difference
gn >p in Cross Slope at Crossover Line
(mph) 0

(%)

20 and under 5.0t0 8.0

25 and 30 5.0t0 6.0
35 and over 4.0t05.0

MAXIMUM ALGEBRAIC DIFFERENCE IN CROSS SLOPE AT CROSSOVER LINES
Figure 8-2M
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8-3.0 LOW-SPEED URBAN STREETS

This section presents horizontal alignment criteria for low-speed urban streets (design speed less
than or equal to 45 mph). The operating conditions on these facilities are significantly different
from those on rural highways and high-speed urban highways. Also, urban areas present physical
constraints that should be recognized. Therefore, some of the assumptions for horizontal
alignment can be legitimately revised for low-speed urban streets. However, much of the criteria
in Section 8-2.0 on open highways also apply to low-speed urban streets. Therefore, this Section
will reference Section 8-2.0 where applicable.

8-3.01 General Controls

The criteria in Section 8-2.01 also apply to low-speed urban streets.

8-3.02 Horizontal Curvature

8-3.02.01 Theoretical Discussion

The point mass formula for curvature is also used for low-speed urban streets. However, the
assumptions for the values within the formula differ from those for open highways. See the
AASHTO A Policy on Geometric Design of Highways and Streets for the theoretical discussion.

For low-speed urban streets, emax = 4.0% once the decision is made that a curve requires
superelevation. This lower value reflects the problems often encountered when attempting to
superelevate in urban areas where roadside development is extensive.

8-3.02.02 Application

Figure 8-3A presents the minimum radii for various design speeds for low-speed urban streets.
The designer should wherever practical provide horizontal curvature flatter than the minimum
radius.

Figure 8-3B presents the minimum radii for which the normal crown (NC) section can be
maintained around a curve. The values assume that the pavement cross slope is 1.5%, which
yields a superelevation rate of -1.5% for one direction of travel when the normal crown section is
maintained. The figure also presents the range of radii for which remove crown (RC) applies. In
this range, the curve must be superelevated at a rate of +1.5% across the entire highway section.
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Design Speed e £ Minimum Radius
+
(mph) max max e+f (f[)
20 4.0% 0.27 0.31 90
25 4.0% 0.23 0.27 155
30 4.0% 0.20 0.24 250
35 4.0% 0.18 0.22 375
40 4.0% 0.16 0.20 535
45 4.0% 0.15 0.19 715
MINIMUM RADII ON LOW-SPEED URBAN STREETS
Figure 8-3A
_ Radius (ft)
Design
Speed .
h Normal Remove See Figure
(mph)
Crown Crown 8-3C
20 R > 105 105 >R > 95 R <95
25 R > 195 195 >R > 170 R <170
30 R > 325 325 >R > 280 R <280
35 R > 495 495 >R > 420 R <420
40 R > 740 740 > R > 610 R <610
45 R > 1000 1000 >R > 820 R <820

Note: Flatter radius is based on a theoretical superelevation rate of -1.5%.
Sharper radius is based on a theoretical superelevation rate of +1.5%.

RANGE OF RADII FOR NORMAL CROWN SLOPE AND REMOVE CROWN SLOPE

(Cross Slope = 1.5%)
Figure 8-3B

Figure 8-3C provides the superelevation rates for combinations of curve radius and design
speed for those curves when NC or RC is inadequate. The following examples illustrate how to
use Figures 8-3B and 8-3C.
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Va =15 Vda =20 V4 = 25 Vd =30 Vd = 35 Vd = 40 Va =45
e (%) mph mph mph mph mph mph mph
R (ft) R (ft) R (ft) R (ft) R (ft) R (ft) R (ft)
-6.0 58 127 245 429 681 1067 1500
-5.0 56 121 231 400 628 970 1350
-4.0 54 116 219 375 583 889 1227
-3.0 52 111 208 353 544 821 1125
-2.8 51 110 206 349 537 808 1107
-2.6 51 109 204 345 530 796 1089
-2.4 51 108 202 341 524 784 1071
-2.2 50 108 200 337 517 773 1055
-2.0 50 107 198 333 510 762 1039
-1.5 49 105 194 324 495 736 1000
0 47 99 181 300 454 667 900
15 45 94 170 279 419 610 818
2.0 44 92 167 273 408 593 794
2.2 44 91 165 270 404 586 785
24 44 91 164 268 400 580 776
2.6 43 90 163 265 396 573 767
2.8 43 89 161 263 393 567 758
3.0 43 89 160 261 389 561 750
3.2 43 88 159 259 385 556 742
34 42 88 158 256 382 550 734
3.6 42 87 157 254 378 544 726
3.8 42 87 155 252 375 539 718
4.0 42 86 154 250 371 533 711
4.2 41 85 153 248 368 528 703
4.4 41 85 152 246 365 523 696
4.6 41 84 151 244 361 518 689
4.8 41 84 150 242 358 513 682
5.0 41 83 149 240 355 508 675
5.2 40 83 148 238 352 503 668
5.4 40 82 147 236 349 498 662
5.6 40 82 146 234 346 494 655
5.8 40 81 145 233 343 489 649
6.0 39 81 144 231 340 485 643

SUPERELEVATION RATES
(Low-Speed Urban Streets)

Figure 8-3C
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Notes:

1. emax = 4.0% (typical). Although 4% is listed as the maximum low speed superelevation
rate for urban areas in the design charts, it is permissible to use up to a 6% maximum
superelevation rate in an urban area when this does not cause problems with driveways
or other roadside features.

2. The Figure provides a range of curves and superelevation rates which apply to a selected
design speed.

3. Negative superelevation values beyond -2.0 percent should be used for unpaved surfaces

such as gravel, crushed stone and earth. However, a normal cross slope of
-2.5 percent may be used on paved surfaces in areas with intense rainfall.

* k k kkk k%

Example 8-3.1

Given: Design speed = 40 mph
Radius = 750 ft
Cross slope = 1.5%

Problem: Determine the superelevation rate.
Solution: Per Figure 8-3B, normal crown should be maintained.
Example 8-3.2
Given: Design speed = 40 mph
Radius = 650 ft

Cross slope = 1.5%

Problem: Determine the superelevation rate.

Solution: Figure 8-3C vyields a required superelevation rate of +0.45%. The normal crown
would provide a rate of -1.5%, which is unacceptable. Therefore, the pavement
should be superelevated at a rate of +1.5% across the entire pavement for ease
of design and construction. This is consistent with the RC criteria in Figure 8-3B.
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Example 8-3.3
Given: Design speed = 40 mph
Radius = 550 ft

Cross slope = 1.5%

Problem: Determine the superelevation rate.

Solution: Figure 8-3C yields a required rate of +3.4%. Therefore, the entire pavement should
be transitioned and superelevated at this rate.

* k k kkk k%

8-3.02.03 Types of Curvature

The discussion and figures in Section 8-2.02.03 also apply to low-speed urban streets.

8-3.03 Superelevation Development

Once the decision is made to provide superelevation on a low-speed urban street, the methods
presented in Section 8-2.03 will apply. Section 8-2.03 discusses the length of transition, the
effects of the type of curvature (e.g., simple) and the axis of rotation.

For the length of transition, Figure 8-2A presents superelevation runoff lengths for high-speed
urban facilities and all rural highways. Although this figure is based on emax = 6.0%, the designer
may also use the lengths for low-speed urban streets but up to 4%, the emax for these facilities.
As discussed in Section 8-2.03.03, the adjustments to superelevation runoff lengths in Figure 8-
2E based on the number of lanes rotated also apply to low-speed urban streets.

8-3.04 Sight Distance Restrictions on the Inside of Curves

The criteria presented in Section 8-2.04 also apply to horizontal sight distance on low-speed urban
streets.



8-3(6) HORIZONTAL ALIGNMENT December 2003




December 2003 VERTICAL ALIGNMENT 9(i)

Chapter Nine
VERTICAL ALIGNMENT

Table of Contents

Section Page
9-1.0 DESIGN PRINCIPLES AND PROCEDURES .......ccoo oo, 9-1(1)
9-1.01 General Controls for Vertical Alignment...............coovviiiiiiiiiie e, 9-1(2)

9-1.02 Coordination of Horizontal and Vertical Alignment................cccovvvvvvnnnnn. 9-1(2)

9-2.0 GRADES.. ... ettt e e e e et ——raaaa e e e e aaaaaaaas 9-2(1)
9-2.01 Terrain (DefinitioNS) ........cooviiiiii e 9-2(1)

9-2.02 Critical Length of Grade..............ceeiiiiiiiiicce e 9-2(1)

9-2.03 Maximum and MiNIMUM ... e e e eaeees 9-2(4)

9-2.04 Truck-Climbing LANES.........covviiiiii i 9-2(4)
9-2.04.01  WaAITANTS ...uuviiiiiiieccee et e e e e 9-2(4)

9-2.04.02 Capacity ANalYSIS......ccoeveeeiiiiiiiiiie e 9-2(5)

0-2.04.03  DESION.cettitiii i 9-2(7)

9-3.0 VERTICAL CURVES .......cctiitiiiiie ettt e e e e e e e et e e e e e e e e s nnnsnaneeeaeens 9-3(1)
9-3.01 (CT=T 01T - 1 U UUPPPUTURTR 9-3(1)

9-3.02 Crest VErtiCal CUIVES.... oo e 9-3(1)

9-3.03 SaQ VErtiCal CUINVES .....uuii i 9-3(6)

9-4.0 VERTICAL CLEARANCES ... ..o e et e e 9-4(1)
9-5.0 REFERENCES.......coototititeeeeteeteeeeeete et ee et ee et n e n e en e ean s sane e eeeens 9-5(1)



o(ii) VERTICAL ALIGNMENT December 2003




December 2003 VERTICAL ALIGNMENT 9-1(1)

9-1.0

9-1.01

Chapter Nine
VERTICAL ALIGNMENT

DESIGN PRINCIPLES AND PROCEDURES

General Controls for Vertical Alignment

As discussed elsewhere in Chapter Nine, the design of vertical alignment involves, to a large
extent, complying with specific limiting criteria. These include maximum and minimum grades,
sight distance at vertical curves and vertical clearances. In addition, the designer should adhere
to certain general design principles and controls that will determine the overall safety of the
facility and will enhance the aesthetic appearance of the highway. These design principles for
vertical alignment include:

1.

Consistency. Use a smooth grade line with gradual changes, consistent with the type of
highway and character of terrain, rather than a line with numerous breaks and short
lengths of tangent grades.

Environmental Impacts. Vertical alignment should be properly coordinated with
environmental impacts (e.g., encroachment onto wetlands).

Long Grades. On a long ascending grade, it is preferable to place the steepest grade at
the bottom and flatten the grade near the top. It is also preferable to break the sustained
grade with short intervals of flatter grades.

Intersections. Maintain moderate grades through intersections to facilitate turning
movements. See Chapter Eleven for specific information on vertical alignment through
intersections.

Roller Coaster. Avoid using “roller-coaster” type profiles. Roller-coaster profiles are
where the horizontal alignment is generally straight and roadway profile closely follows a
rolling natural ground line. This type of profile may be proposed in the interest of
economy, but it is aesthetically undesirable and may be more difficult to drive.

Broken-Back Curvature. Avoid “broken-back” grade lines (two crest or sag vertical
curves separated by a short tangent). One long vertical curve is more desirable.

Sags. Avoid using sag vertical curves in cut sections unless adequate drainage can be
provided.

Coordination _with Natural/Man-Made Features. The vertical alignment should be
properly coordinated with the natural topography, available right-of-way, utilities,
roadside development and natural/man-made drainage patterns.
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9-1.02 Coordination of Horizontal and Vertical Alignment

Horizontal and vertical alignment should not be designed separately, especially for projects on
new alignment. Their importance demands that the designer carefully evaluate the
interdependence of the two highway design features. This will enhance highway safety and
improve the facility’s operation. The following should be considered in the coordination of
horizontal and vertical alignment:

1. Balance. Curvature and grades should be in proper balance. Maximum curvature with
flat grades or flat curvature with maximum grades does not achieve this desired balance.
A compromise between the two extremes produces the best design relative to safety,
capacity, ease and uniformity of operations and aesthetics.

2. Coordination. Vertical curvature superimposed upon horizontal curvature (i.e., vertical
and horizontal P.l.’s at approximately the same stations) generally results in a more
pleasing appearance and reduces the number of sight distance restrictions. Successive
changes in profile not in combination with the horizontal curvature may result in a series
of humps visible to the driver for some distance, which may produce an unattractive
design. However, under some circumstances, superimposing the horizontal and vertical
alignment must be tempered somewhat by Comment #'s 3 and 4 as follows.

3. Crest Vertical Curves. Do not introduce sharp horizontal curvature at or near the top of
pronounced crest vertical curves. This is undesirable because the driver cannot perceive
the horizontal change in alignment, especially at night when headlight beams project
straight ahead into space. This problem can be avoided if the horizontal curvature leads
the vertical curvature or by using design values which well exceed the minimums.

4, Sag Vertical Curves. Do not introduce sharp horizontal curves at or near the low point of
pronounced sag vertical curves or at the bottom of steep vertical grades. Because
visibility to the road ahead is foreshortened, only flat horizontal curvature will avoid an
undesirable, distorted appearance. At the bottom of long grades, vehicular speeds often
are higher, particularly for trucks and erratic operations may occur, especially at night.

5. Intersections. At intersections, horizontal and vertical alignment should be as flat as
practical to provide designs that produce sufficient sight distance and gradients for
vehicles to slow or stop. See Chapter Eleven.

6. Divided Highways. On divided facilities with wide medians, it is frequently advantageous
to provide independent alignments for the two one-way roadways. Where traffic justifies
a divided facility, a superior design with minimal additional cost generally can result from
the use of independent alignments.

7. Residential Areas. Design the alignment to minimize nuisance factors to neighborhoods.
Generally, a depressed facility makes the highway less visible and reduces the noise to
adjacent residents. Minor adjustment to the horizontal alignment may increase the buffer
zone between the highway and residential areas.
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8. Aesthetics. Layout the alignment in such a way to enhance attractive scenic views of
rivers, rock formations, parks, golf courses, etc. The highway should head into rather
than away from those views that are considered to be aesthetically pleasing. The
highway should fall towards those features of interest at a low elevation and rise toward
those features that are best seen from below or in silhouette against the sky.

The designer should coordinate the layout of the horizontal and vertical alignment as early as
practical in the design process. Alignment layouts are typically completed after the topography
and ground line have been drafted. The designer should use the computer visualization
programs within CADD to visualize how the layout will appear in the field. The designer should
review several alternatives to ensure that the most pleasing and practical design is selected.
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9-2.0 GRADES

9-2.01 Terrain (Definitions)

1. Level. Highway sight distances are either long or could be made long without major
construction expense. The terrain is generally considered to be flat, which has minimal
impact on vehicular performance.

2. Rolling. The natural slopes consistently rise above and fall below the roadway grade
and, occasionally, steep slopes present some restriction to the desirable highway
alignment. In general, rolling terrain generates steeper grades, causing trucks to reduce
speeds below those of passenger cars.

3. Mountainous. Longitudinal and transverse changes in elevation are abrupt and
benching and side hill excavations are frequently required to provide the desirable
highway alignment. Mountainous terrain aggravates the performance of trucks relative to
passenger cars, resulting in some trucks operating at crawl speeds.

In Connecticut, only the rolling level terrain criteria will be applicable. Even though a roadway
may pass through a level or hilly site, the State as a whole is still considered to be rolling terrain.

9-2.02 Critical Length of Grade

In addition to the maximum grade, the designer must consider the length of the grade. The
critical length of grade is the maximum length of a specific upgrade on which a loaded truck can
operate without an unreasonable reduction in speed. The highway gradient in combination with
the length of grade will determine the truck speed reduction on upgrades. The following will
apply to the critical length of grade:

1. Design Vehicle. For critical-length-of-grade determinations, the Department has
adopted the 200-Ib/hp truck as the most representative design vehicle for Connecticut.

2. Criteria. Figure 9-2A provides the critical lengths of grade for a given percent grade and
acceptable truck speed reduction. Although Figure 9-2A is based on an initial truck
speed of 70 mph, it applies to any design speed. For design purposes, use the 10 mph
speed reduction curve to determine if the critical length of grade is exceeded.

3. Measurement. Vertical curves are part of the length of grade. Figure 9-2B illustrates
how to measure the length of grade to determine the critical length of grade from Figure
9-2A.

4, Highway Types. The critical-length-of-grade criteria apply equally to two-lane or multi-

lane highways and apply equally to urban and rural facilities.

5. Application. If the critical length of grade is exceeded, the designer should either flatten
the grade, if practical, or should evaluate the need for a truck-climbing lane (see Section
9-2.04).
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Figure 9-2A
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Notes:

LENGTH OF GRADE, L

Ly
o

CREST VERTICAL CURVE
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2
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LENGTH OF GRADE, L

SAG VERTICAL CURVE

For vertical curves where the two tangent grades are in the same direction (both
upgrades or both downgrades), 50% of the curve length will be part of the length of
grade.

For vertical curves where the two tangent grades are in opposite directions (one grade
up and one grade down), 25% of the curve length will be part of the length of grade.

The above diagram is included for illustrative purposes only. Broken-back curves are to
be avoided wherever practical.

MEASUREMENT FOR LENGTH OF GRADE
Figure 9-2B
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Example 9-2.1

Given: Level Approach
G=+4%
L = 1500 ft (length of grade)
Rural Arterial

Problem: Determine if the critical length of grade is exceeded.

Solution: Figure 9-2A yields a critical length of grade of 1250 ft for a 10-mph speed
reduction. The length of grade (L) exceeds this value. Therefore, the designer
should flatten the grade, if practical, or evaluate the need for a climbing lane.

9-2.03 Maximum and Minimum

The highway gradient will significantly impact vehicular operations and safety. The Department
has adopted criteria for maximum gradient based on functional classification, urban/rural
location, design speed and project scope of work. These values are presented in Chapters Two,
Four and Five. Flatter grades should be used wherever practical.

The minimum longitudinal gradient is 0.5%. This applies to all highways with or without curbs.

9-2.04 Truck-Climbing Lanes

9-2.04.01 Warrants

A truck-climbing lane may be warranted to allow a specific upgrade to operate at an acceptable
level of service. A truck-climbing lane will generally be warranted if the following conditions are
satisfied:

1. the critical length of grade is exceeded for the 10 mph speed reduction curve (see Figure
9-2A; and

2. one of the following conditions exists:
a. the level of service (LOS) on the upgrade is E or F, or
b. there is a reduction of two or more LOS when moving from the approach

segment to the upgrade; and

3. the construction costs and the construction impacts (e.g., environmental, right-of-way)
are considered reasonable.
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Truck-climbing lanes may also be warranted where the above criteria are not met if, for
example, there is adverse crash experience on the upgrade related to slow-moving trucks. In
addition, on four-lane freeways if the speed profile reveals an operating speed of less than 30
mph at any point, a climbing lane will be warranted regardless of the results of the capacity
analysis.

9-2.04.02 Capacity Analysis

The objective of the capacity analysis procedure is to determine if the warranting criteria in
Section 9-2.04.01 are met. Accomplish this by calculating the service flow rate for each LOS
level (A through D) and comparing that to the actual flow rate on the upgrade. Because a LOS
worse than D warrants a truck-climbing lane, it is not necessary to calculate the service flow rate
for LOS E.

The designer should analyze the operations on the grade using the procedures set forth in the
Highway Capacity Manual. Note that the default values for determining the appropriate
passenger car equivalent (E) values in the Highway Capacity Software (HCS) are acceptable for
determining the LOS on climbing lanes (i.e., the default truck in the HCS is acceptable).

To determine if a climbing lane is warranted, these basic steps should be followed:

1. Review the project to determine if a climbing lane should be considered. Steep and/or
long grades should be considered for climbing lanes.

2. For highways with a single grade, the critical length of grade can be directly determined
from Figure 9-2A. However, most highways have a continuous series of grades. Often, it
is necessary to find the impact of a series of significant grades in succession. If several
different grades are present, then a speed profile must be developed using Figure 9-2C
and the procedures set forth in the Highway Capacity Manual. If there is a 10 mph
reduction, then the first warrant is met. The speed profile should note the truck speed at
the beginning of the full-width climbing lane, the PVC, the PVT and the end of the full-
width lane.

3. Determine the total traffic volumes, the truck volumes on the grade and those on the
approach prior to the upgrade.

4, Using the procedures set forth in the Highway Capacity Manual, determine the
appropriate level of service for both the approach and the grade. If the level of service on
the upgrade is E/F or if there is a reduction of 2 or more levels of service on the upgrade
from the approaches, then the second warrant is met.
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Note: For design speeds above 70 mph use an initial speed of 70 mph. For design speeds 70
mph and below, use the design speed as the initial speed.

PERFORMANCE CURVES FOR LARGE TRUCKS
(200 Ib/hp)

Figure 9-2C
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9-2.04.03 Design

Figure 9-2D summarizes the design criteria for climbing lanes. It should be noted, that actual
placement of the tapers for the beginning and end of climbing lanes should consider sight
distance to the tapers. The placement of the terminal taper should maximize the available sight
distance. The shoulder width along the climbing lane will be the normal shoulder width for the
appropriate highway classification. The tables in Chapters Four and Five provide the shoulder
widths.

The Traffic Standard Details provide the typical signing and pavement marking patterns for the
climbing lanes.



Design
Highway Type in Climbi imbi
Begin Climbing End Climbing Taper_ Length Lane Width Shoulder Width
Lane Lane (Begin/End)
Freeways 45 mph 50 mph 300 ft/600 ft 12 ft Srirggvjsypsrgggglnng
10 mph below design | 10 mph below design .
Other Facilities speed or 45 mph, speed or 45 mph, 25:1/(1) See Chapters | Same as preceding

whichever is less.

whichever is less

Four and Five

roadway section.

(1) The taper length on other facilities for ending the climbing lane will be determined by the following taper rates:

Design Speed End
(mph) Taper Rates
20 7:1
25 10:1
30 15:1
40 25:1
45 45:1
50 50:1
55 60:1
65 65:1
70 70:1
75 75:1

DESIGN CRITERIA FOR CLIMBING LANES

Figure 9-2D
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9-3.0 VERTICAL CURVES
9-3.01 General

The principal concern in the design of crest vertical curves is to ensure that at least stopping
sight distance is provided. Headlight sight distance will usually control the design of sag vertical
curves. Two factors affect the availability of sight distance — the algebraic difference between
gradients of the intersecting tangents and the length of the vertical curve. With a small algebraic
difference in grades, the length of the vertical curve may be relatively short. To obtain the same
sight distance with a large algebraic difference in grades, a much longer vertical curve will be
necessary. If the grade break is 0.5 percent or less, then the designer may use an “angle” point
(i.e., no vertical curve).

All vertical curves are in the shape of a parabola. Figure 9-3A illustrates the geometric details of
a symmetrical vertical curve. Figure 9-3B provides an example of how to determine the
elevations along a vertical curve.

9-3.02 Crest Vertical Curves

The basic equations for crest vertical curves are:

L = KA or L =3V, whichever is larger (Equations 9-3.1 and 9-3.2)
S2 .
K= 5 (Equation 9-3.3)
200(JTE+-/h2)
L= ASZ (Equation 9-3.4)
200(,/h1+,/h2j
where: = length of vertical curve (ft)

sight distance (ft)
= height of eye above road surface (ft)
h height of object above road surface (ft)
K = horizontal distance needed to produce a 1% change in gradient

L
A = absolute value of the algebraic difference between the two tangent grades (%)
S
h

S s
|

For the design of crest vertical curves, the following will apply:

1. Stopping Sight Distance. Stopping sight distance is the minimum design for crest
vertical curves. A height of eye of 3.5 ft and a height of object of 2 ft are used. Using
Equation 9-3.4, this yields the following equation:

_ As?
2158

(Equation 9-3.5)
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M = Mid-ordinate (ft)

Z = Any tangent offset (ft)

L = Horizontal length of vertical curve (ft)

X Horizontal distance from PVC or PVT to any ordinate “Z” (ft)
Rates of grade, expressed algebraically (%)

©
Ro
9
1

Note: All expressions should be calculated algebraically.

Elevations of PVI and PVT:

L

PVI elev — PVC elev T Gl %

PVT,., =PVC, +(Gl+GZ)L
elev elev 200

2. For offset “Z” at distance “X” from PVC or PVT:

2
Z=M X or Z:M
% 200L

SYMMETRICAL VERTICAL CURVE EQUATIONS
Figure 9-3A
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3. For slope “S” of a line tangent to any point on the vertical curve at an “X” distance
measured from the PVC:

S(%)=G, - {x(%ﬂ

4, Calculating high or low point on curve:

LG,

X =
TG, -G,

Where:

Xt equals the horizontal distance from the PVC to the high or low point on the curve in
feet.

5. Elevation of high or low point on curve:

ELEVHigh or Low Point = PVC elev —

SYMMETRICAL VERTICAL CURVE EQUATIONS
(Continued)

Figure 9-3A
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Example 9-3.1

Given: G1=-1.75%
G, =+2.25%
Elev. of PVI = 585.00 ft
Station of PVI = 29+00.00
L =500 ft

Problem: Compute the grade for each 50-ft station. Compute the low point elevation and
stationing.

Solution:

6. Draw a diagram of the vertical curve and determine the station of the beginning (PVC)
and the end (PVT) of the curve.

L=500"

PVI STA.29+00
ELEV.585.00 ft

Beginning Station (PVC) = PVI Sta — ¥2L = (29 + 00) - (0 + 250) = 26 + 50
End Station (PVT) = PVI Sta +%L = (29 + 00) + (0 + 250) = 31 + 50

7. From the vertical curve equations in Figure 9-3A:

G, - G,)L _[2.25-(-1.75)] 500 _

M = ( 251t
800 800

2
zom| X | o Mye (4J25) o XE
L 250,000 25,000

VERTICAL CURVE COMPUTATIONS
(Example 9-3.1)

Figure 9-3B
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Example 9-3.1 (continued)

8. Set up a table to show the vertical curve elevations at the 50-ft stations:
. Tangent
St?r?)on Inf. Elevation X X? Zy EIC;\r/z(:iin
(Along G3)
26 + 50 PVC 589.38 0 0 0 589.38
27 +00 588.50 50 2500 .100 588.60
27 +50 587.63 100 10,000 .400 588.03
28 + 00 586.75 150 22,500 .900 587.65
28 + 50 585.88 200 40,000 1.600 587.48
29 +00 PVI 585.00 250 62,500 2.500 587.50
29 +50 584.13 300 90,000 3.600 587.73
30+ 00 583.25 350 122,500 4.900 588.15
30 +50 582.38 400 160,000 6.400 588.78
31+00 581.50 450 202,500 8.100 589.60
31+50 PVT 580.63 500 250,000 10.000 590.63
4. Calculating low point:

LG, _ 500(-1.75) _—-875

= = = = 218.75ft from PVC
G,-G, -175-225 -4.00

Xt

therefore, the Station at low point equals:

(26 + 50) + (02 + 18.75) = (28 + 68.75)

and the elevation of low point on the curve equals:

2 2
ELEViow = PVC yp, — o obr 580,38 - 200 L79)
G, - G,)200 (2.25 - (~1.75)) 200

=589.38 — 1.91 = 587.47 ft

VERTICAL CURVE COMPUTATIONS
(Example 9-3.1)
(Continued)

Figure 9-3B
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Figure 9-3C presents the K-values for crest vertical curves. These values have been
calculated by using the SSD values from Figure 7-1A and Equation 9-3.6.

2. Grade Adjustments. When determining S for crest vertical curves, the designer should
consider the effects of grade on stopping sight distance (SSD). The following thresholds
may be used for determining the thresholds for “Level” K-values:

V >50 mph: -1% < G < +1%
V <50 mph: -2% < G < +2%

The selection of “G” at a crest vertical curve will depend on which grade is steeper and
whether the roadway is one-way or two-way. On a one-way roadway, “G” should always
be the grade on the far side of the crest when considering the direction of travel. On a
two-way roadway, “G” should always be the steeper of the two grades on either side of
the crest.

For design exception purposes, only the “Level” SSD value will require an exception. For
designs where, because of rounding in the charts, the “Level” SSD is met but not the K-
value, an exception will not be required.

3. Decision Sight Distance. Section 7-2.0 discusses the general warrants for decision sight
distance. The procedure will determine the appropriate “S” and height of object for the
specific site conditions. These values should then be used in Equation 9-3.3 to
determine the necessary curve length at the site.

4, Drainage. Drainage should be considered in the design of crest vertical curves where
curbed sections are used. Drainage problems should not be experienced if the vertical
curvature is sharp enough so that a minimum longitudinal grade of at least 0.3% is
reached at a point about 50 ft from either side of the apex. To ensure that this objective
is achieved, the length of the vertical curve should be based upon a K-value of 167 or
less. For crest vertical curves on curbed sections where this K-value is exceeded, the
drainage design should be more carefully evaluated near the apex.

For uncurbed sections of highway, drainage should not be a problem at crest vertical
curves.

9-3.03 Sag Vertical Curves

Headlight sight distance is the primary design control for sag vertical curves. The height of the
headlights is assumed to be 2.0 ft. The upward divergence of the beam is 1° from the
longitudinal axis of the vehicle. The curvature of the sag should allow sufficient pavement
illumination to provide adequate sight distance. These criteria yield the following equations:

L = KA or L =3V, whichever is larger (Equations 9-3.6 and 9-3.7)



Upgrades

Design Downgrades Level

Speed

(mph) 9% -6% -3% 0% +3% +6% +9%
20 8 7 7 7 6 6 6
25 15 13 12 12 11 10 10
30 25 22 20 19 19 16 15
35 39 35 32 29 27 25 24
40 59 52 46 44 39 37 34
45 86 75 67 61 56 52 48
50 121 105 94 84 76 71 66
55 164 143 126 114 103 94 88
60 221 190 169 151 136 123 114
65 290 247 218 193 176 159 148
70 372 316 279 247 221 202 187

Notes: For grades intermediate between columns, use a straight-line interpolation to calculate the K-value.

Only the “Level” SSD are applicable for design exception purposes.
Stopping sight distances (SSD) are from Figure 7-1A.

Maximum K-value for drainage on curbed roadways is 167; see Section 9-3.02.

2

2158

, where hy = 3.5 ft, h, = 2.0 ft.

K-VALUES FOR CREST VERTICAL CURVES
Figure 9-3C
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SZ

K =
200h; + 3.5S
(Equation 9-3.8)

[ A
200 h, +3.5S

where:

2
AS (Equation 9-3.9)

L = length of vertical curve (ft)

A = absolute value of algebraic difference between the two tangent grades
(%)

S = sight distance (ft)

hs = height of headlights (ft)

K = horizontal distance needed to produce a 1% change in gradient

For the design of sag vertical curves, the following will apply:

1.

Stopping Sight Distance (SSD). Figure 9-3D presents the K-values for sag vertical
curves. These values have been calculated by using the SSD values from Figure 7-1A
and Equation 9-3.8.

Grade Adjustments. Section 9-3.02 discusses the application of SSD to crest vertical
curves pertaining to the grade correction. The grade correction and the thresholds also
apply to sag vertical curves.

For design exception purposes, only the “Level” SSD value will require an exception. For
designs where, because of rounding in the charts, the “Level” SSD is met but not the K-
value, an exception will not be required.

Decision Sight Distance. Section 7-2.0 discusses the general warrants for decision sight
distance. The procedure will determine the appropriate “S” and height of object for the
specific site conditions. These values should then be used in Equation 9-3.9 to
determine the necessary curve length at the site.

Drainage. Drainage considerations also impact the design of sag curves. The criteria is
the same as for crest vertical curves, which yields a K = 167 for the maximum length of
curve. Where this K value is exceeded, the designer should consider special drainage
treatments, especially on curbed pavements. In addition, the designer should avoid the
placement of bridges or other structures at the low point of sag vertical curves because
of the potential drainage problems.



Upgrades

Design Downgrades Level

Speed

(mph) 9% -6% -3% 0% +3% +6% +9%
20 20 18 18 17 16 16 15
25 31 28 27 26 25 24 22
30 44 41 38 37 37 33 32
35 60 56 52 49 47 44 43
40 77 72 66 64 60 57 55
45 97 89 84 79 74 72 68
50 119 110 103 96 91 87 83
55 143 132 122 115 108 103 99
60 170 156 144 136 128 121 115
65 198 181 168 157 149 140 135
70 227 207 193 181 170 161 154

Notes: For grades intermediate between columns, use a straight-line interpolation to calculate the K-value.

Only the “Level” SSD'’s are applicable for design exception purposes.
Stopping sight distances (SSD) are from Figure 7-1A.

Maximum K-value for drainage on curbed roadways and bridges is 167; see Section 9-3.03.

SZ

K=——  where hs = 2.0 feet.
400 + 3.5S

K VALUES FOR SAG VERTICAL CURVES
Figure 9-3D
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9-4.0 VERTICAL CLEARANCES

Figure 9-4A summarizes the minimum vertical clearances for new bridges for various highway
classifications and conditions.

Type Clearance
Freeway or Expressway Under 16’-3" over the entire roadway width (1) (2)
Arterial Under 16’-3" over the entire roadway width (1)
Collector Under 14’-6" over the entire roadway width (1)
Local Under 14'-6” over the entire roadway width (1)
Railroad Under Highway 22'-6"” from the top of the rail to the bottom

of the structure (electrified only);
20'-6"other railroads (5)

Railroad Under Freeway 23'-0" from the top of the rail to the bottom
of the structure

Highway Under Sign Truss or Pedestrian Bridge 17’-3" over the entire roadway width

Parkway Under 14’-6" over the entire roadway width

Notes: 1. Table values allow 3 in for resurfacing.

2. The minimum vertical clearance beyond the edge of shoulder must be sufficient
to accommodate a 14'-3"vehicle in height by 8.5 ft in width. On the Interstate
system, the minimum vertical clearance is 16-3" beyond the edge of shoulder.

3. For vertical clearances in the vicinity of airports, see 23 CFR 620 which
discusses airspace management on Federal-aid highways.

4. Department policy is to post a “low-clearance” sign on structures with vertical
clearances less than or equal to 14-6” in accordance with Policy No. E&C-22.

5. Exceptions to the vertical clearances over railroads require approval from
the Connecticut Legislature and CTDOT.

6. Exceptions to the vertical clearance over interstate freeways may require
additional coordination with the SDDCTEA as defined in Section 6-5.02.

MINIMUM VERTICAL CLEARANCES
(New Bridges)

Figure 9-4A
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9-5.0 REFERENCES

1. A Policy on Geometric Design of Highways and Streets, AASHTO, 2018.

2. Highway Capacity Manual 2000, TRB, 2000.
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Chapter Ten
CROSS SECTIONS

Chapters Four and Five “Geometric Design Tables” present the design values for the widths of
the various cross section elements on new construction and reconstruction projects. These are
based on the functional classification (freeway, arterial, collector or local road or street).
Chapters Four and Five also provide typical tangent and superelevated cross section figures.
Chapter Two provides design values for cross section widths on 3R projects. Chapter Ten
discusses cross section elements and provides additional information and guidance that should
be considered in the highway design.

10-1.0 ROADWAY SECTION
10-1.01 Travel Lanes
10-1.01.01 Width

Travel lane widths will vary between 9 ft and 12 ft, depending upon the functional classification,
traffic volumes and rural/urban location. Chapters Two, Four and Five provide specific criteria
for travel lane widths for these various conditions.

10-1.01.02  Cross Slope

Surface cross slopes are required for proper drainage of through travel lanes on tangent
sections. To determine the appropriate slope, the following will apply:

1. Two-Lane Highways. Crown the traveled way at the centerline with a cross slope of
1.5% — 2% sloping away from the centerline.

2. Multi-Lane Highways. For multi-lane highways, the following will apply:

a. Undivided Facilities. For undivided facilities, crown the pavement at the
centerline. The cross slope of the travel lanes adjacent to the crown should be
1.5% — 2%. The lanes beyond this should be sloped at 2%.

b. Divided Facilities. For divided facilities, the pavement is crowned at the
centerline of each roadway. For three-lane sections, the pavement is typically
crowned along the lane edge between the middle lane and the lane adjacent to
the median. The right two lanes are sloped to the outside and the median lane to
the inside.
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The cross slope of the lanes adjacent to the crown should be 1.5% — 2%.
The lanes beyond this should be sloped at 2%.

C. Uneven Sections. Where an uneven cross section is used (e.g., three lanes in
one direction and one lane in the other), or to match a short section of a new
road to an existing section, it may be appropriate to place the crown line in a
different location.

3. Breaks. In general, all cross slope breaks should occur at lane edges. One exception to
this may be where a two-way, left-turn lane is provided.

4, Bridges. Carry the approach roadway cross section across the bridge.

10-1.02 Shoulders
10-1.02.01  Shoulder Widths/Types

Shoulder widths will vary according to project scope of work, functional classification, urban or
rural location, traffic volumes and the presence of curbs. Chapters Two, Four and Five present
the recommended shoulder widths for these various conditions. All shoulders on State routes
should be paved. For roads under local jurisdictions, if requested by the municipality, a well-
graded, stabilized aggregate or surface-treated shoulder will be acceptable. There should be no
drop off between the traveled way and the graded shoulder. Where curbing is provided, the
shoulder must be paved. The designer should also note that, in no case would the area outside
of the curb be considered as part of the shoulder width.

10-1.02.02  Shoulder Cross Slope
The shoulder cross slope will vary depending on the shoulder width and whether or not there is

curbing. Chapters Two, Four and Five provide the shoulder cross slope criteria. In addition, the
designer should consider the following:

1. Narrow Shoulders. If the shoulder width is less than 4 ft, the shoulder cross slope will be
the same as the travel lane cross slope. This applies to both tangent and superelevated
sections.

2. Shoulder Adjacent to Traveled Way (Tangent Section). For highways without curbs, the

typical shoulder cross slope is 4%. Where curbs are present, the typical shoulder cross
slope is 6%. Where wide shoulders are used with 4-in curbing, use a 4% cross slope.
The designer should verify that the depth of storm water does not exceed the height of
the 4-in curb.

3. Shoulder Adjacent to Traveled Way (Superelevated Section). On the low side, the
shoulder cross slope will remain equal to its rate on the tangent section until the
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superelevated rate exceeds that value. Then, the shoulder will be sloped at the same
rate as the superelevated travel lanes.

On the high side, the break between the travel lane and shoulder cross slope will be
designed according to the miscellaneous detail in Figures 4H and 5J. The location of the
break is dependent on the width of the shoulder. Shoulders less than 4 ft are not broken.
This detail applies to the entire range of superelevation rates (1.5% to 6.0%).

4. Shoulders on Bridges. On bridges, the shoulder cross slopes will match the approach
roadway shoulder slopes.

5. Ramps. For ramps, the following will apply:

a. Tangent Section. The lower side shoulder will slope at the same rate as the
travel lane. On the high side, the last 4 ft will slope away in the same manner as
the high-side shoulder adjacent to a superelevated mainline (see Figure 12-4B).

b. Superelevated Section. The division between the ramp traveled way and
shoulder may vary, and it is often determined by the pavement markings.
Regardless of this division, 4 ft of the ramp width should slope away from the
remaining ramp width on the high side of the superelevated section. The details
of the break between the two sections will be determined by the detail in Figures
4H and 5J.

10-1.03 Turn Lanes
Turn lanes include left- and right-turn lanes. Chapters Two, Three and Four provide the specific

travel lane and shoulder width criteria for turn lanes. See Section 10-1.01.02 for turn lane cross
slopes.

10-1.04 Parking Lanes

Chapters Two and Five provide the recommended widths for parking lanes. Where a parking
lane is currently being used as a travel lane during peak hours, or where it may potentially be
converted to a travel lane in the future, and if curbing is present, increase the parking lane width
to 13 ft.

Many urban streets provide on-street parking. In addition to parking lane width, the designer
must consider the following:

1. Capacity. In general, on-street parking reduces capacity, impedes traffic flow, produces
undesirable traffic operations and increases the crash potential. Therefore, the designer
should carefully consider these impacts before introducing on-street parking to an urban
street. If these problems have become unacceptable on an urban street with existing on-
street parking, the designer should eliminate parking. However, if sufficient replacement
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off-street parking is unavailable, it may be impractical to completely eliminate the on-
street parking. As an alternative, parking may be prohibited during peak traffic hours to
improve the level of service during periods of maximum flow.

2. Parallel Versus Angle Parking. Parallel on-street parking is greatly preferred over angle
parking. Angle parking has been associated with higher crash rates, because parked
vehicles are required to back into the flow of traffic where adjacent parked vehicles may
block the line of sight. Therefore, where on-street parking is being introduced to an
urban street, the designer should provide parallel parking. Where angle parking currently
exists, the designer should, if practical, convert these to parallel parking.

3. Intersection _Sight Distance. Parking should be prohibited within the corner sight
triangles for intersection sight distance at intersections and driveways. See Section 11-
2.0 for the detailed criteria for intersection sight distance.

4, Railroads. Parking should be prohibited within 50 ft of the nearest rail of a railroad/
highway crossing.

Coordinate all design decisions related to on-street parking with the Division of Traffic
Engineering.

10-1.05 Curbs

Curbs are used extensively at the outside of the shoulder on urban streets and occasionally on
rural highways. Curbs contain the pavement drainage within the road and away from adjacent
properties, provide pavement delineation, assist in channelization and driveway control for
orderly roadside development, provide a physical separation between vehicles and pedestrians,
and are considered aesthetically pleasing. However, do not use curbs on highways with design
speeds of 50 mph or greater, except under special conditions.

10-1.05.01 Types

There are generally two types of curbs — sloping and vertical. By definition, sloping curbs have
a height of 6 in or less with a batter no steeper than 3 vertical to 1 horizontal. Vertical curbs
range in height, but are typically 6 in, with a batter steeper than 3 vertical to 1 horizontal.
Typically, ConnDOT vertical curbs are vertical. The Connecticut Standard Drawings provide the
design details for the various types of curbs used by the Department.

10-1.05.02  Safety
When impacted by a vehicle, curbs may result in the loss of vehicular control. In addition, a curb

close to the travel lane may cause a driver to shy away, which reduces highway capacity. For
these reasons, the disadvantages of a curb must be weighed against its benefits before a curb
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is introduced on any highway facility. Where a curb and barrier are used together, see Section
13-6.0 for design details.

10-1.05.03  Application on Low-Speed Roads/Streets

A low-speed road or street is defined as one that has a design speed less than or equal to
45 mph. In urban areas, curbs have a major benefit in containing the drainage within the
pavement area and in channelizing traffic into and out of adjacent properties. On rural, low-
speed roads curbs should only be used where drainage is necessary or where roadside
development is a problem.

The designer must also select the type of curb for the project. The following guidance should be
used:

1. Non-State Facilities. On non-State highways, the curb should be the type that currently
exists or should be as agreed upon with the local government.

2. 3R Projects. For 3R projects on State highways, the designer should match the existing
curb type.

3. Curb Type. For reconstruction or new construction projects on State highways, the
designer should select the most practical type of curb. The Connecticut Standard
Drawings provide the various curb types used by the Department (e.g., BCLC, concrete,
stone curbing). The designer should consider initial cost, life expectancy, availability of
materials, construction operations, maintenance requirements and appearance. For
example, stone curbing may be justified on heavily traveled urban streets with parking
lanes, street-cleaning operations and heavy use of de-icing materials. The superior
durability of the stone curbing may make it a more cost-effective selection.

4, Stone Curbing. Whenever stone curbing is used, Department practice is that granite will
always be used, except where existing curbs are bluestone.

5. Sidewalks. Where sidewalks are adjacent to the roadway or where they may be
constructed in the future, curbs should be included in the project design.

6. Intersections. At intersections, curbs may be used to channelize vehicular paths and
provide a target area for islands. In these cases, use sloping curbs.

7. Disabled. Curbs should be designed with curb ramps at all pedestrian crosswalks to
provide adequate access for the safe and convenient movement of physically disabled
individuals. See Section 15-1.0 for details on the design and location of curb ramps.
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10-1.05.04  Application on High-Speed Highways

In general, curbs should not be used on highways with a design speed of 50 mph or greater
because of their adverse effect on vehicular behavior when impacted. Their use is limited to
these conditions:

1. Drainage. Where containing the drainage within the pavement area is absolutely
essential, sloping curbs may be used. For more information, the designer should refer to
the Department’s Drainage Manual for more specific uses of a curb for drainage
purposes.

2. Bridges. For approaches to a bridge superstructure, use concrete curbing or granite
stone curbing. This curbing will transition to the protruding blunt end of the bridge
curbing and, therefore, helps guide the motorist away from the bridge curb and prevents
plow damage to the structure. On a one-way structure, the transition curbing serves no
purpose on the trailing end and should not be provided, unless required for drainage.

3. Raised Medians. Sloping curbs are acceptable for design speeds up to 50 mph.

Where curbing is determined to be necessary, use a 4-in sloping curb as shown in the
Connecticut Standard Drawings.
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10-2.0 ROADSIDE ELEMENTS
10-2.01 Sidewalks
10-2.01.01 Guidelines for Sidewalk Construction

ConnDOT Policy “HWYS-19 — SIDEWALKS” provides the Department’s guidelines for when a
new sidewalk should be considered or where an existing sidewalk should be replaced. This
Policy also discusses the State’s municipalities’ funding and maintenance responsibilities.

10-2.01.02  Sidewalk Design Criteria
In determining the sidewalk design, the designer should consider the following:

1. Widths. Sidewalk widths may vary from 4 ft to 8 ft with 5 ft considered typical. On
bridges, the typical width is 5.5 ft. High pedestrian volumes may warrant widths greater
than 5 ft. In special cases (e.g., schools), the designer may need to conduct a detailed
capacity analysis to determine the sidewalk width. Use the Highway Capacity Manual for
this analysis.

2. Central Business District (CBD) Areas. The entire area between the curb and building is
often fully used as a paved sidewalk.

3. Appurtenances. The designer should also consider the impacts of roadside
appurtenances within the sidewalk (e.g., fire hydrants, parking meters, utility poles).
These elements will reduce the effective width because they interfere with pedestrian
activity. Preferably, place these appurtenances behind the sidewalk. If they are placed
within the sidewalk, the sidewalk should have a minimum clear width of 3 ft to 4 ft. The
clear width will be measured from the edge of the appurtenance to the edge of the
sidewalk. The 3-ft minimum is necessary to meet the ADA requirements (see Section
15-1.0).

4, Cross Slope. The typical cross slope on the sidewalk is 2% towards the roadway. If the
sidewalk is on an accessible route for disabled individuals, then the maximum cross
slope will be 2% (see Section 15-1.0).

5. Buffer Areas. If the available right-of-way is sufficient, consider providing a buffer area
between the curb and sidewalk. These areas provide space for snow storage and allow
a greater separation between vehicle and pedestrian. The buffer area should be at least
2 ft wide to be effective. Provide a 2.5 ft wide separation where the strip accommodates
utility poles with a minimum 1.5 ft clearance from the curb face. The designer should
consider providing buffer areas between 8 ft and 10 ft wide. Buffer areas may also be
used for the placement of roadside appurtenances, if necessary. However, this is
undesirable because the proximity to the traveled way increases the likelihood of
vehicle/fixed-object crashes. Also, their presence in buffer areas detracts from the
appearance of the highway environment.
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Section 13b-17-27 of the Department’s “Highway Encroachment Permit Regulations” contains
additional information related to the design of sidewalks. Section 15-1.0 of the Highway Design
Manual contains information related to accessibility requirements for disabled individuals that
applies to sidewalk design.

10-2.02 Fill and Cut Slopes

Fill and cut slopes should be designed to ensure the stability of the roadway and be as flat as
practical to enhance roadside safety. Much of the necessary information for design will be
provided in the Soils Report, if one is necessary for the project. The designer should consider
the following when selecting a fill or cut slope design:

1. Fill Slopes. Fill slopes should be 1:6 or flatter. All soils will be stable at this rate.
Maintenance efforts are greatly reduced, the erosion potential is reduced, and the slopes
are traversable at 1:6. For fill heights between 10 ft and 25 ft, 1:4 slopes are acceptable.
For fill heights greater than 25 ft, 1:2 slopes protected by guiderail are typical. If site
conditions require a slope steeper than 1:2, slope-retaining structures are normally used.
The geotechnical engineer must approve any proposed slope steeper than 1:2. The
typical section figures in Chapters Four and Five provide additional information on slope
rates for various classes of highway.

2. Clear Zones. The steeper the fill slope, the greater the clear zone will be where guiderail
is not provided (see Figure 13-2A).

3. Slope Rounding. Round slope transitions adjacent to shoulders at the top of fills. As
indicated in the typical cross section figures in Chapters Four and Five, the
recommended rounding is 8 ft. Measure this from the edge of the shoulder to where the
rounded section intercepts the fill slope. For safety purposes, this will be sufficient with
one exception. Where the design speed is 70 mph and where an unprotected 1:4 slope
is provided, the recommended rounding distance is 11 ft. (Note: Rounding is not
necessary on fill slopes protected by guiderail).

The typical rounding at the toe of a fill slope and at the top of a cut slope is 10.0 ft.

4. Erosion Control. Erosion possibilities should be minimized. To the extent practical,
preserve the natural and existing drainage patterns. Severely rutted side slopes can
cause vehicular rollover even on relatively flat slopes. In good soil, turf can be
established on slopes as steep as 1:2. However, flatter slopes obviously reduce the
erosion potential and should be used where feasible. The Department’s Drainage
Manual discusses erosion prevention in more detail.

5. Rock Cuts. Slopes up to vertical are possible in rock cuts using presplitting methods.
Where practical, place the bottom of the rock-cut slope outside of the calculated clear
zone. All jagged rock outcroppings exposed to possible vehicular impacts should be
removed. Figures 4J and 5L provide details for rock cuts. The geotechnical engineer will
determine the appropriate slope in rock cuts.
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Earth Cuts. In earth cuts, a rounded swale will normally be provided. Deep earth cuts

may warrant terracing. These reduce erosion and enhance soil stability. The
recommendation of the geotechnical engineer will govern.

Slope Protection. Generally, earth cut or fill slopes should be 1:2 or flatter to ensure a
stable slope upon which turf may be established. Under favorable soil conditions, earth
slopes as steep as 1:1.5 may be used, provided a proper slope protection system is
used.

The slope protection system selected should be consistent with the context of the design
and the surrounding environs. Because the treatment of slopes can greatly influence the
public’'s acceptance and overall success of a project, the designer should consult with
the geotechnical engineer, structural engineer, and landscape architect to identify
appropriate slope protection alternatives. Where a vegetated slope is not a feasible
alternative, crushed stone slope protection may be considered. However, due to its
undesirable impact on aesthetics, minimize the use of this treatment.

10-2.03 Utilities

Consider the following:

1.

Placement. Space for the placement of utilities is an integral part of the highway design
process. To ensure adequate space for the placement of utilities, the designer should
consider utility placement early in the design phase of a project’s development.

Utility Test Pit Data (Cross Sections). For actual utility test pit data, show the existing
location(s) of the underground utilities on the cross sections. Do not show theoretical
(interpolated data between two actual test pits) location(s) of existing underground
utilities on the cross sections.
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10-3.0 MEDIANS

10-3.01 Median Widths

The median width is measured from the edge of the two inside travel lanes and includes the left
shoulders if present. The design width will depend on the functional class, type of median,
availability of right-of-way, construction costs, maintenance considerations, traffic operations at
crossing intersections, safety and field conditions. Chapters Two, Four and Five provide the
design range for median widths based on the functional classification and area type. In general,
the median should be as wide as can be used advantageously. In addition, the designer should
consider the following when determining the appropriate median width:

1. Left Turns. Consider the need for left-turn bays when selecting a median width.

2. Crossing Vehicles. A median should be approximately 25 ft wide to safely allow a
crossing passenger vehicle to stop between the two roadways. In areas where trucks
are commonly present (e.g., truck stops), increase the median width to allow trucks to
stop between roadways. Median widths from 30 ft to 50 ft should be carefully
considered. These widths may encourage drivers to attempt the crossing independently;
however, they may not be wide enough to fully protect longer vehicles from the through
traffic.

3. Signalization. At signalized intersections, wide medians can lead to inefficient traffic
operations and may increase crossing times.

4, Median Barrier. A median barrier is warranted for medians 66 ft or less on freeways and
other divided arterials. If feasible, the median should be wide enough to eliminate the
need for a barrier.

5. Operations. Several vehicular maneuvers at intersections are partially dependent on the
median width. These include U-turns and turning maneuvers at median openings, which
are discussed in Chapter Eleven. The designer should evaluate the likely maneuvers at
intersections and provide a median width that will accommodate the selected design
vehicle.

6. Uniformity. In general, try to provide a uniform median width. However, variable-width
medians may be advantageous where right-of-way is restricted, at-grade intersections
are widely spaced (¥2 mile or more), or an independent alignment is practical.

7. Roadway Elements. Do not reduce the widths of the other roadway cross section
elements to provide additional median width.

8. Wide Medians. Median widths in the range of 50 ft to 80 ft may cause confusion for
drivers on the intended operations for the multiple intersections encountered (e.g., going
the wrong way on a one-way roadway).
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9. Preferences. Drivers prefer medians that are obviously narrow or are wide enough to
provide adequate refuge to allow independent crossings.

The typical cross section figures in Chapters Four and Five illustrate typical median types and
other design details for median cross sections.

10-3.02 Median Types

The type of median selected will depend upon many factors, including:

drainage,

availability for median width,

snow and ice impacts,

impacts of superelevation development,
urban or rural location, and

traffic volumes.
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10-3.02.01  Flush Medians

Flush medians may be used on urban highways and streets. A flush median should be crowned
to avoid ponding water on the median area. A slightly depressed median in conjunction with
median drains can be used to avoid carrying all of the drainage across the travel lanes.

10-3.02.02 Raised Medians

Raised medians are often used on urban highways and streets, both to control access and left
turns and to improve the capacity of the facility. Figure 5H illustrates a typical raised median.

Advantages

When compared to flush medians, raised medians offer several advantages:

1. Mid-block left turns are controlled.

2. Left-turn channelization can be more effectively delineated if the median is wide enough.

3. A distinct location is available for traffic signs, signals, pedestrian refuge and snow
storage.

4, The median edges are much more discernible during and after a snowfall.

5. Drainage collection may be improved.

6. Limited physical separation is available.
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Disadvantages

The disadvantages of raised medians when compared to flush medians are:

1.

2.

Design

They are more expensive to construct and more difficult to maintain.

They may need greater widths to serve the same function (e.g., left-turn lanes at
intersections) because of the raised island and offset between curb and travel lane.

Curbs may result in adverse vehicular behavior upon impact.

Prohibiting mid-block left turns may overload street intersections and may increase the
number of U-turns.

They may complicate the drainage design.

Access for emergency vehicles (e.g., fire, ambulance) may be more difficult.

If a raised median will be used, the designer should consider the following in the design of the
median:

1.

Design Speed. Raised medians should only be used where the design speed is 50 mph
or less.

Curb Type. Either vertical or sloping curbs may be used.

Appurtenances. If practical, the placement of appurtenances within the median is
strongly discouraged (e.g., traffic signal poles, light standards).

Width. The width of a raised median is measured from the two inside edges of the
traveled ways and, therefore, includes the left shoulders. The width of a raised median
should be sufficient to allow for the development of a channelized left-turn lane.
Therefore, the typical width is 22 ft, which provides for:

a 12-ft left-turn lane,

a 2-ft shoulder between the turn lane and raised island,

a 2-ft shoulder between the opposing traveled way and the raised island, and
a minimum 6-ft raised island.

aoop

If practical at an unsignalized intersection, a raised median should be 25 ft in width to
permit storage of a vehicle crossing or turning left onto the mainline.

Minimum Width. Under restricted conditions, the recommended minimum width of a
raised median should be 8 ft. This assumes a minimum 4-ft raised island with 2-ft
shoulders on each side adjacent to the through travel lanes.
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10-3.02.03  Depressed Medians

A depressed median is typically used on rural freeways. Depressed medians have better
drainage and snow storage characteristics than flush or raised medians and, therefore, are
preferred on major highways.

Figures 4F and 5G illustrate the use of depressed medians on rural and urban freeways and
expressways. A depressed median should typically be 100 ft wide in rural areas and 90 ft wide
in urban areas. This allows for the addition of future travel lanes on the inside while still
maintaining a sufficient width of a depressed median. The designer should consider providing
wider median widths, within the constraints of additional right-of-way and construction costs.
When selecting a width for a depressed median, consider the following:

1. Median Barriers. All medians 66 ft or less on freeways will require a median barrier.
Therefore, to eliminate the need for a median barrier, consider providing a depressed
median width greater than 66 ft.

2. Slopes. Figures 4F and 5G illustrate a median slope range of 1:6 to 1:12; slopes greater
than 1:10 should only be used if there is no median barrier placed on the slope. The
designer should make every reasonable effort to provide a median width that will allow
the flatter slopes but still provide the necessary depth for the depressed median.

3. Longitudinal Gradient. The center longitudinal gradient of a depressed median should
be a minimum of 0.5%.
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10-4.0 BRIDGE AND UNDERPASS CROSS SECTION

The bridge or underpass cross section will depend upon the cross section of the approaching
roadway, its functional classification, and whether the project entails new construction,
reconstruction (freeways and non-freeways), 3R work (non-freeways) or a spot improvement.

10-4.01 Bridges

This Section presents the Department’s criteria for bridges that are within the limits of a new
construction project (all functional classes) or within the limits of a reconstruction project (non-
freeways). The designer should reference the following sections for the Department’s criteria on
bridge widths for other conditions:

freeway projects — Section 3-1.04.

3R non-freeway projects — Section 2-7.02.

Bridge rehabilitation/replacement (freeways) — Section 3-1.04.

Bridge rehabilitation/replacement (spot improvements, non-freeways) — Section 3-2.03.

PwONPE

10-4.01.01 New Construction

This refers to bridges within the limits of a new construction project. In all cases, the full
approach roadway width, including shoulders, will be carried across the structure. The approach
width will be determined by the criteria in Chapters Four and Five. Where sidewalks are
provided, they will be 5.5 ft wide as measured from the gutter line.

10-4.01.02 Reconstruction (Non-Freeways)

This refers to bridges within the limits of a reconstruction project on a non-freeway facility. The
Department’s criteria are as follows:

1. Bridge Rehabilitation. The bridge substructure and/or superstructure may be partially or
entirely rehabilitated as part of the reconstruction project. For example, this would be
necessary if the project included the addition of travel lanes. If this work includes
rehabilitation of the bridge deck, carry the full approach width, including shoulders,
across the structure. Connecticut General Statutes (CGS) 13a-86 requires a minimum
bridge width of 28 ft on any 2-lane highway maintained by the Commissioner, exclusive
of any sidewalk width. No exceptions to this criterion will be allowed, unless in the
judgment of the Commissioner a lesser width is warranted. Note that the criterion in
CGS 13a-86 does not apply to bridges on highways maintained by a municipality.

2. Bridges to Remain in Place. If an existing bridge within the project limits is structurally
sound and if it meets the Department’s design loading structural capacity, it is unlikely to
be cost effective to improve the geometrics of the bridge. These are considered existing
bridges to remain in place. However, the geometric deficiencies may be severe, and/or
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there may be an adverse crash experience at the bridge. Therefore, the designer should
consider widening the bridge to meet the approach roadway width as part of the
reconstruction project. Figure 10-4A provides the minimum widths for existing bridges to
remain in place within the limits of a reconstruction project. In addition, all existing bridge
rails and the approach transitions will be evaluated to determine if they meet the
Department’s current criteria.

. Design Year Clear Bridge Width
Functional Class AADT (Note 1)
Arterial All Approach Traveled Way + 4 ft
0-1500 22 ft
Collector 1500-2000 24 ft
>2000 28 ft
0-250 20 ft
250-1500 22 ft
Local
1500-2000 24 ft
> 2000 28 ft
Notes:
1. Clear Bridge Width. This is the width between curbs or rails, whichever is less.
2. Long Bridges (Locals/Collectors). For bridges on these facilities with a total length

greater than 100 ft, the widths in the table do not apply. These structures should be
analyzed individually considering the existing width, safety, traffic volumes, remaining
structural life, design speed, costs to widen, etc.

WIDTHS FOR EXISTING BRIDGES TO REMAIN IN PLACE
(Reconstruction Projects)

Figure 10-4A

10-4.02 Underpasses

The discussion in this Section will apply to all functional classes and to all project scopes of
work.

The approaching roadway cross section, including clear zones, should be carried through the
underpass. If an auxiliary lane passes through the underpass adjacent to the mainline, measure
the clear zone distance from the edge of the auxiliary lane. The lateral clearances for any
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collector-distributor roads should be treated separately from the mainline, with its clear zone
based on its own design speed, side slope and traffic characteristics.

When determining the cross section width of a highway underpass, the designer should also
consider the likelihood of future roadway widening. Widening an existing underpass in the future
can be extremely expensive and it may be warranted, if some flexibility is available, to allow for
possible future developments. Therefore, the designer should evaluate the potential for further
development in the vicinity of the underpass that would significantly increase traffic volumes.
The Bureau of Policy and Planning should be consulted for its projections. As an example, a
reasonable allowance for future widening may be to provide sufficient lateral clearance for one
additional lane in each direction.
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10-5.0 RIGHT-OF-WAY

For information on the types of rights-of-way (e.g., permanent, temporary, easements), the
designer should review the Department’s Policies and Procedures for Property Maps. The right-
of-way width should be sufficiently wide to provide the selected cross section elements and
dimensions, to provide proper drainage, to allow maintenance of the facility and to provide for
future expansion of the cross section. However, restrictions along the highway corridor may
require some compromises in determining the ROW width. In these cases, the selected highway
cross section may be limited by the available ROW.

The following summarizes the Department’s criteria for determining the ROW width:

1. Freeways (All Projects). The upper range of the ROW width should be the sum of the
travel lane and median width plus 100 ft beyond the edge of the outside travel lane on
each side or side slope requirements, whichever governs. In urban areas, the minimum
ROW width will be the sum of the travel lane and median widths plus the roadside clear
zone on each side or side slope requirements, whichever governs.

2. Other Arterials and Collectors (New Construction/Reconstruction). The ROW width will
be determined on a project-by-project basis. In determining the ROW width, the designer
should consider travel lane widths, median widths, roadside clear zones, utility strips,
side slope requirements, etc.

3. Other_Arterials and Collectors (3R Projects). The acquisition of significant amounts of
ROW is often outside the scope of a 3R project. Therefore, the existing ROW will often
be unchanged by the 3R project. However, the designer should, wherever practical,
secure additional ROW to allow cost-effective geometric and roadside safety
improvements.

4, Local Roads and Streets (All Projects). The ROW width will be as required for the
purpose of the project and will be determined by the local government.

ROW width should be uniform, but this is not a necessity. In urban areas, variable widths may
be necessary due to the existing development; varying side slopes and embankment heights
may make it desirable to vary ROW width; and ROW limits will likely have to be adjusted at
intersections and freeway interchanges. The following special ROW controls should also be
considered:

1. Sight Distances. At horizontal curves and intersections, additional ROW may be
warranted to ensure that the necessary sight distance is always available in the future.

2. Restricted Areas. In areas where the necessary ROW widths cannot be reasonably
obtained, the designer should consider using steeper slopes, revising grades or using
slope-retaining structures.

3. Railroads. On sections of highway adjacent to railroads, avoid any encroachment onto
railroad ROW whenever feasible.
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4. Interchanges. Special ROW considerations at interchanges are discussed in Chapter
Twelve.
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10-6.0 TYPICAL SECTIONS

Chapters Four and Five present several typical section figures for both normal and
superelevated sections. The figures are based on:

rural or urban location;

multilane or 2-lane;

type of median (e.g., depressed, raised, with a median barrier); and
curbed or uncurbed.
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In addition, Figure 5M presents a typical section for a high-volume/incident-management
freeway. “Incident management” refers to events (e.g., crashes) that have the potential to
produce major disruptions to the flow of traffic on a freeway. The critical feature of this typical
section is the provision of a left shoulder with sufficient width to assist in accommodating traffic
in the event of a highway incident in the interim.

The use of this typical section will be determined on a case-by-case basis.
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Chapter Eleven

INTERSECTIONS AT-GRADE

11-1.0 GENERAL DESIGN CONSIDERATIONS

11-1.01 Capacity

11-1.01.01  Design Year and Level of Service

To perform the capacity analysis, the designer must select a future design year. For new
construction and reconstruction, this is typically 20 years from the construction completion date.
For 3R and spot improvement projects, the intersection should be designed to accommodate
current traffic volumes to 10-year future traffic volumes. If the intersection is within the limits of a
longer project, the design year for the intersection will be the same as that for the project.

The geometric design tables in Chapters Two, Four and Five present the recommended levels
of service for highways based on functional classification and urban or rural location. The
intersection level of service for the selected design year should meet these criteria so that the
highway facility will operate at a consistent serviceability. At a minimum, the intersection should
operate at no worse than LOS D.

When a project has experienced a significant delay during design, the designer may be required
to perform an updated capacity analysis. The need for this updated analysis will be determined
on a case-by-case basis.

11-1.01.02  Capacity Methodology for Signalized Intersections

The Division of Traffic Engineering is responsible for most capacity calculations at intersections.
The Department has adopted the unsignalized and signalized intersection methods presented in
the Highway Capacity Manual (HCM). For use of other computerized capacity analysis
programs, the designer should contact the Division of Traffic Engineering to determine which
programs and versions are acceptable to the Department.

11-1.02 Design Vehicle

Designs for right and left turns should accommodate the turning paths of the applicable design
vehicle. The detailed design criteria for right turns at intersections are presented in Section 11-
3.0. The Department has adopted the following design vehicles for intersection design:

1. P — passenger car
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2. SU — single unit vehicle (e.qg., delivery truck)

3. BUS — intercity or city transit bus. Note that is often necessary to design for specific
buses rather than the generic BUS template.

4, WB-62 — semitrailer truck or tractor-trailer combination with a 48-ft trailer, 62-ft
wheelbase, and 68.5-ft overall length.

5. WB-67 (“Large” Truck) — tractor with a 53-ft trailer, 67-ft wheelbase, and 73.5-ft overall.

The turning characteristics of the applicable design vehicle are used to test the adequacy of an
existing or proposed design at an intersection. The designer should determine the amount of
vehicular encroachment upon adjacent lanes when making right and left turns. This, combined
with several other factors discussed in Section 11-3.0, will allow the designer to select the
appropriate turning treatment.

11-1.03 Intersection Alignment

All legs of an intersection should be on tangent rather than curved sections. Where a minor road
intersects a major road on a horizontal curve, this complicates the geometric design of the
intersection — particularly sight distance, turning movements, channelization and
superelevation. If relocation of the intersection is not practical, the designer may be able to
realign the minor road to intersect the major road perpendicular to a tangent at a point on the
horizontal curve. Although this is an improvement, this arrangement may still result in difficult
turning movements if the superelevation is high.

At-grade intersections should intersect at angles between 60° and 90° see Figure 11-1A.
Excessively skewed intersections increase the travel distance across the major highway,
adversely affect sight distance, and complicate the designs for turning movements. Minimizing
the skew is especially important where large trucks are expected to turn since the swept area of
the trailer increases quickly with acute turn angles and acute angles are very difficult for the
driver to negotiate optimally. If the angle of intersection is less than 60°, the intersections should
be realigned if practical. Where there is a high density of older drivers, 65 years of age and
older, the skew angle should ideally be between 75° and 90°.

The alignment should direct the through vehicle into the appropriate receiving lane across the
intersection.
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11-1.04 Intersection Profile

11-1.04.01  Approach Gradient

The vertical profile of an at-grade intersection should be as level as practical, subject to
drainage requirements. This also applies to the distance along any intersection leg, called the
landing area, where vehicles stop waiting to pass through the intersection. Grades approaching
or leaving the intersection will affect vehicular deceleration distances (and therefore stopping
sight distance) and vehicular acceleration distances. Therefore, the gradient on the landing area
should be 3% or less. Because the horizontal alignment, curb returns, and profile interact, the
designer must ensure that the profiles along the vehicle path and along the curb line are
acceptable. When designing the profile of a minor road crossing a major highway, the designer
should maintain stopping sight distance to the brake lights of the preceding vehicle,
approximately 2 ft.

11-1.04.02 Cross Section Transitions

One or more of the approaching legs of the intersection may need to be transitioned (or warped)
to meet the cross section of the two crossing roads. The designer should consider the following:

1. Stop Controlled. When the minor road is stop controlled, the profile and cross section of
the major road will normally be maintained through an intersection, and the cross slope
of the stop-controlled leg will be transitioned to match the major road cross slope and
profile.

2. Signalized Intersection. At signalized intersections, or potential signalized intersections,
the cross section of the minor road will typically be transitioned to meet the profile and
cross slope of the major road. If both intersecting roads have approximately equal
importance, the designer may want to consider transitioning both roadways to form a
plane section through the intersection. Where compromises are necessary between the
two major roadways, the smoother riding characteristics should be provided for the
roadway with the higher traffic volumes and operating speeds. Cross slopes should also
be appropriate for the design speed of each leg.

3. Transition Rates. Where one or both intersecting roadways are transitioned, the
designer must determine the length and rate of transition from the normal section to the
modified section; see Figure 11-1B. Consider providing a transition design that meets
the general principles of superelevation transition that apply to that roadway (i.e., open-
road or low-speed urban street conditions). See Chapter Eight for a complete discussion
on superelevation development. Where these criteria are applied to transition rates, the
applied design speed is typically:

a. 30 mph for a stop-controlled leg,
b. the highway design speed for a free-flowing leg, or
C. the highway design speed for all legs of a signalized intersection.
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PROFILE AND CROSS-SECTION OF MAJOR HIGHWAY IS TYPICALLY MAINTAINED
THROUGH AN INTERSECTION. IF BOTH INTERSECTING ROADS HAVE APPROXIMATELY

EQUAL IMPORTANCE OR TO MEET DIFFICULT FIELD CONDITIONS, BOTH ROADWAYS
MAY BE TRANSITIONED.

_/
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LAST POINT OF TYPICALY £ ,0is ¥ 7 TO MEET THE LONGITUDINAL GRADIENT
CROSS SECTION RETURN _'m OF THE MAJOR ROAD
*
| I
MINOR
HIGHWAY

La= TRANSITION LENGTH FOR MAJOR HIGHWAY
Lg= TRANSITION LENGTH FOR MINOR HIGHWAY

* = TRANSITION LENGTH BASED ON SUPERELEVATION
TRANSITION CRITERIA FOR THE ROADWAY

Notes:
1. See discussion in Section 11-1.04.02.
2. Spot elevations of the pavement area should be provided to determine drainage

requirements, roadway profiles and their effect on the turning path of the design vehicle.

PAVEMENT TRANSITIONS THROUGH INTERSECTIONS
Figure 11-1B
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At a minimum, the approaching legs of an intersection should be transitioned within the
curb or curve radius length of the intersection consistent with practical field conditions;
see Figure 11-1B.

11-1.05 Intersection Spacing

Short distances between intersections should be avoided if practical because they tend to
impede traffic operations. For example, if two intersections are close together and require
signalization, they may need to be considered as one intersection for signalization purposes. To
operate safely, each leg of the intersection may require a separate green cycle, thereby greatly
reducing the capacity for both intersections. To operate efficiently, signalized intersections
should be ¥ mile apart.

In addition, short gaps between opposing "T" intersections should also be avoided. Drivers tend
to encroach into the opposing lanes (corner cutting) so that they can make their turning
maneuvers in one movement. In general, all new intersections should preferably be at least 400
ft apart.



December 2003 INTERSECTIONS AT-GRADE 11-2(2)

11-2.0 INTERSECTION SIGHT DISTANCE (ISD)
11-2.01 General

All intersections within the project limits and any intersection outside the project limits that is
influenced by the transportation improvement must be analyzed to determine if sufficient ISD
exists. The designer needs to review the ISD values for left turns, right turns, crossing
movements and turning left across oncoming traffic for each intersection. At each intersection,
ensure that sufficient sight distance is provided for a driver to perceive potential conflicts and to
perform the actions needed to negotiate the intersection safely. The additional costs and
impacts to achieve this sight distance are often justified based on the safety and operational
considerations.

In general, intersection sight distance (ISD) refers to the available distance that allows a driver
corner sight distance available in intersection quadrants that allows a driver approaching an
intersection to observe the actions of vehicles on the crossing leg(s). ISD evaluations involve
establishing the needed sight triangle in each quadrant by determining the legs of the triangle
on the two intersecting roadways. The necessary clear sight triangle is based on the type of
traffic control at the intersection and on the design speeds of the two roadways. The types of
traffic control and maneuvers are as follows:

. Case A — Intersections with no control,

° Case B — Intersections with stop control on the minor road:
+ Case B1 — Left-turn from the minor road,
+ Case B2 — Right-turn from the minor road,
+ Case B3 - Crossing maneuver from the minor road,

° Case C — Intersections with yield control on the minor road:
+ Case C1 — Crossing maneuver from the minor road,
+ Case C2 — Left or right-turn from the minor road,

. Case D - Intersections with traffic signal control,

° Case E - Intersections with all-way stop control, and

° Case F — Left turns from the major road.

Because all intersections on State highways are either stop controlled or signalized, no
guidelines are provided for no control intersections. The use of yield-controlled intersections is
limited to right turns that are channelized at major intersections and separated from the signal.
For these types of intersections, the designer should review NCHRP Report 383, Intersection
Sight Distance and/or the 2001 AASHTO Policy on the Geometric Design of Highways and
Streets for additional guidance.

11-2.02 Design Procedures

The Department uses gap acceptance as the conceptual basis for its intersection sight distance
(ISD) criteria at stop-controlled and traffic-signal controlled intersections. The intersection sight
distance is obtained by providing clear sight triangles both to the right and left as shown in
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Figure 11-2A. All legs of the intersections must be addressed similarly. The following discussion
assumes a stop-controlled side street entering a major through street:

1. Minor Road. The length of leg along the minor road is based on two parts. The first is the
location of the driver's eye on the minor road. This is typically assumed to be 15 feet
from the edge of the major road and in the center of the lane on the minor road; see
Figure 11-2A. In restricted locations, this may be a minimum of 15 ft from the traveled
way of the major road. The second part is based on the distance to the center of the
vehicle on the major road. For right-turning vehicles, this is assumed to be the center of
the closest travel lane from the left. For left-turning vehicles, this is assumed to be the
center of the closest travel lane for vehicles approaching from the right; see Figure
11-2A.

2. Major Road. The length of the sight triangle leg or ISD along the major road is
determined using the following equation:

Where:
ISD = length of sight triangle leg along major road (ft)
Viajor = design speed of major road (mph)

ty time gap for entering the major road (sec)

The time gap (ty) varies according to the design vehicle, the maneuver type, the grade
on the minor road approach, the number of lanes on the major roadway, the type of
operation and the intersection skew.

3. Height of Eye/Object. The height of eye for passenger cars is assumed to be 3.5 feet
above the surface of the minor road. The height of object (approaching vehicle on the
major road) is also assumed to be 3.5 feet. An object height of 3.5 feet assumes that a
sufficient portion of the oncoming vehicle must be visible to identify it as an object of
concern by the minor road driver. If there are a sufficient number of trucks to warrant
their consideration, assume an eye height of 7.6 feet for a tractor/semitrailer and 6 feet
for single-unit trucks and buses. If a truck is the assumed entering vehicle, the object
height will still be 3.5 feet for the passenger car on the major road. The designer must
also ensure that adequate ISD for passenger cars is provided, because there are
situations where trucks have ISD and smaller vehicles do not.

Within this clear sight triangle, if practical, the objective is to remove, lower any object,
trim lower tree branches, etc., that obstruct the driver’s view. These objects may include
buildings, parked or turning vehicles, trees, hedges, tall crops, unmowed grass, fences,
retaining walls and the actual ground line. In addition, where a crossroad intersects the
major road near a bridge on a crest vertical curve, items such as bridge parapets, piers,
abutments, guardrail or the crest vertical curve itself may restrict the clear sight triangle.
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Design Exceptions. The following will apply:

a.

11-2.03

ISD is a ConnDOT controlling criteria at all signalized and un-signalized
intersections which connect to State highways.

Commercial drives and multi-residential drives shall meet the same ISD
standards as street intersections. An exception to standards is required when
ISD requirements are not met.

ISD from all drives to a single family residential dwelling unit should meet full ISD
standards. If the existing ISD meets standards, the drive must be designed to
meet standards. If the drive has limited existing ISD, it shall not be reduced. If the
project adds lanes or otherwise increases the need for ISD at a drive with limited
existing ISD, the designer shall provide ISD of equivalent design speed to the
preexisting condition. Exceptions are required if these conditions are not met.

The clear sight triangle as shown on Figure 11-2A for any private driveway shall
fall within the respective property and/or within the public ROW. Property shall
not be acquired to provide the required ISD for private driveways.

The presence of permanent fixed objects (e.g., buildings, cut slopes, parking lots,
etc.) within the sight triangle will require a design exception. The designer shall
not create new sightline restrictions within the sight triangle as part of the project
design.

A design exception is not required where the minimum ISD is not met due to the
parked vehicles within the roadway.

ISD is not a controlling criterion for projects designed by municipalities for
roadways owned and maintained by the municipality (i.e., local road projects). In
the event a local road project intersects a State highway, the designer shall
evaluate the ISD at the State highway intersection, make improvements as
feasible, and request a design exception if the minimum ISD cannot be obtained.
Note that the designer is still responsible for providing ISD according to Town
standards on the Town road system even though it is exempt from the State
exception process.

See Section 6-5.0 for design exception procedures.

Case B — Intersections with Stop Control on the Minor Road

Where traffic on the minor road of an intersection is controlled by stop signs, the driver of the
vehicle on the minor road must have sufficient sight distance for a safe departure from the
stopped position assuming that the approaching vehicle comes into view as the stopped vehicle
begins its departure. At a four-leg intersection, the designer should also check the sight distance
across the intersection.
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11-2.03.01 Case B1- Left-Turn from the Minor Road

To determine the intersection sight distance for vehicles turning left onto the major road, the
designer should use Equation 11-2.1 and the gap times (tg) presented in Figure 11-2B. Figure
11-2B also presents adjustments to the gap times for multilane facilities and steep grades on
the minor road approach. Figures 11-2C and 11-2D, which solve Equation 11-2.1, provide the
ISD values for left-turning design vehicles onto a 2-lane level facility and a 4-lane level facility,
respectively. The designer should also consider the following:

1. Multilane Facilities. For multilane facilities, the gap acceptance times presented in Figure
11-2B should be adjusted (i.e., add 0.5 second for passenger cars or 0.7 second for
trucks for each additional lane to be crossed by the turning vehicle) to account for the
additional distance required by the turning vehicle to cross the additional lanes or

median.
2. Medians. The following will apply:
a. For a multilane facility that does not have a median wide enough to store a

design vehicle, divide the median width by 12 feet to determine the
corresponding number of lanes, then use the criteria presented in Figure 11-2B
to determine the appropriate time factor.

Design Vehicle Gap Acceptance Time (tg) (sec)
Passenger Car 7.5
Single-Unit Truck 9.5
Tractor/Semi trailer 11.5
Adjustments:
1. Multilane Highways. For left turns onto 2-way multilane highways, add 0.5 second for passenger

cars or 0.7 second for trucks for each additional lane from the left, in excess of one, to be crossed
by the turning vehicle. Assume that the left-turning driver will enter the left-travel lane on the far side
of the major road. For right turns, no adjustment is necessary.

2. Minor Road Approach Grades. If the approach grade on the minor road exceeds +3%, the
following will apply:

a. For right turns, multiply 0.1 seconds times the actual percent grade on the minor road
approach and add this number to the base time gap.

b. For left turns, multiply 0.2 seconds times the actual percent grade on the minor approach
and add this number to the base time gap.

3. Major Road Approach Grade. Major road grade does not affect calculations.

GAP ACCEPTANCE TIMES
(Left Turns From Minor Road)

Figure 11-2B
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Design Speed ISD (ft)
(Vmajor)
(mph) Passenger Cars Single-Unit Trucks Tractor/Semitrailers
20 225 280 340
25 280 350 425
30 335 420 510
35 390 490 595
40 445 560 680
45 500 630 765
50 555 700 850
55 610 770 930
60 665 840 1015
65 720 910 1100
70 775 980 1185
Notes:
1. These ISD values assume a left or right turn onto a 2-lane facility without a median.

INTERSECTION SIGHT DISTANCES
(Two-Lane Highway or Street)

Figure 11-2C

These ISD values assume a minor road approach grade less than or equal to +3%.



February 2013

INTERSECTIONS AT-GRADE

11-2(7)

Figure 11-2C.

INTERSECTION SIGHT DISTANCES

(FOUR-LANE HIGHWAY WITHOUT MEDIAN)
Figure 11-2D

Design Speed ISD (ft)
(Vmajor) ) ) - -
(mph) Passenger Cars Single-Unit Trucks Tractor/Semitrailers
20 240 300 360
25 295 375 450
30 355 450 540
35 415 525 630
40 475 600 720
45 530 675 810
50 590 750 900
55 650 825 990
60 710 900 1080
65 765 975 1170
70 825 1050 1260
Notes:
1. These ISD values assume a left turn onto a 4-lane facility without a median.
2. These ISD values assume a minor road approach grade less than or equal to +3%.
3. These ISD values assume the left-turning vehicle will enter the inside travel lane on the
far side of the major road.
4, For a right turn from a minor road (i.e., ISD to the left), use the ISD values presented in



11-2(8) INTERSECTIONS AT-GRADE December 2006

b. On facilities with a median wide enough to store the design vehicle (e.g., 3 feet
clearance at both ends of vehicle), the designer should evaluate the sight
distance needed in two separate steps:

. First, with the vehicle stopped on the side road (the bottom portion in
Figure 11-2E), use the gap acceptance times and distances for a vehicle
turning right (Figure 11-2B) to determine the applicable ISD. Under some
circumstances, it may be necessary to check the crossing maneuver to
determine if it is the critical movement. Crossing criteria are discussed in
Section 11-2.03.03.

. Second, with the vehicle stopped in the median (top portion in Figure
11-2E), assume a 2-lane roadway design and use the adjusted gap
acceptance times and distances for vehicles turning left (Figure 11-2B) to
determine the applicable ISD.

3. Approach Grades. If the approach grade on the minor road exceeds 3%, see the criteria
in Figure 11-2B.

4, Design Vehicle. A passenger vehicle is used in most design ISD situations. However, at
some intersections (e.g., near truck stops, interchange ramps, schools), the designer
should consider using trucks for the design vehicle in determining the ISD. The gap
acceptance times (tg) for single-unit and tractor/semitrailer trucks and buses are provided
in Figure 11-2B. ISD values for level, 2-lane roadways are presented in Figure 11-2C.
The height of eye for these vehicles is discussed in Section 11-2.02

11-2.03.02  Case B2 - Right-Turn From the Minor Road

Intersection sight distance for right turns is determined in the same manner as discussed in
Section 11-2.03.01. Note that there are no adjustments required for facilities with medians.
11-2.03.03  Case B3 - Crossing Maneuver From the Minor Road

In the majority of cases, the intersection sight distance for turning vehicles typically will provide
adequate sight distance to allow a vehicle to cross the major road. However, in the following
situations, the crossing sight distance may be the more critical movement:

1. where left and/or right turns are not permitted from a specific approach and the crossing maneuver is the only legal or
expected movement (e.g., indirect left turns);
2. where the design vehicle must cross more than six travel lanes or, with medians, the equivalent distance; or

3. where a substantial volume of heavy vehicles cross the highway and there are steep grades on the minor road approach.
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INTERSECTION SIGHT DISTANCE
(Divided Facilities)

Figure 11-2E

Use Equation 11-2.1 and the adjusted gap acceptance times (tg) in Figure 11-2F to determine
the ISD for crossing maneuvers. Figure 11-2G presents the applicable ISD values for crossing
maneuvers for a level, 2-lane highway with no median. Where medians are present, include the
median width in the overall length to determine the applicable gap time. Divide this width by 12
feet to determine the corresponding number of lanes for the crossing maneuver.

11-2.04 Case D — Intersections with Traffic Signal Control

Traffic signals should not be an alternative to providing adequate sight distance. For signalized
intersections, provide sufficient intersection sight distance as described in Section 11-2.03.

11-2.05 Case E — Intersections With All-Way Stop Control

For intersections with all-way stop control, provide sufficient sight distance so that the first
stopped vehicle on each approach is visible to all other approaches. The ISD criteria for left- or
right-turning vehicles as discussed in Section 11-2.03 are not applicable in this situation. Often,
intersections are converted to all-way stop control to address limited sight distance at the
intersection.
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Design Vehicle Gap Acceptance Time (tg) (sec)
Passenger Car 6.5
Single-Unit Truck 8.5
Tractor/Semitrailer 10.5

Adjustments:

1. Multilane Highway. Where the design vehicle is crossing a major road with more
than two lanes, add 0.5 second for passenger cars or 0.7 second for trucks for
each additional lane in excess of two. See the discussion in Section 11-2.03.01 for
additional guidance.

2. Approach Grade. If the approach grade on the minor road exceeds 3%, multiply
0.1 seconds times the actual percent grade of the minor road approach, and add
this number to the base time gap.

GAP ACCEPTANCE TIMES
(Crossing Maneuvers)
Figure 11-2F
Design Speed ISD (ft)
(Vmajor) . . . .
(mph) Passenger Cars Single-Unit Trucks Tractor/Semitrailers
20 195 250 310
25 240 315 390
30 290 375 465
35 335 440 545
40 385 500 620
45 430 565 695
50 480 625 775
55 530 690 850
60 575 750 930
65 625 815 1005
70 670 875 1080
Notes:
1. These ISD values assume crossing a 2-lane facility without a median.
2. These ISD values assume a minor road approach grade of 3% or less.

TWO-LANE INTERSECTION SIGHT DISTANCES
(Crossing Maneuvers)

Figure 11-2G
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11-2.06 Case F — Left Turns From the Major Road

For all intersections, regardless of the type of traffic control, the designer should consider the
sight distance for a stopped vehicle turning left from the major road. This situation is illustrated
in Figure 11-2H. The driver will need to see straight ahead for a sufficient distance to turn left
and clear the opposing travel lanes before an approaching vehicle reaches the intersection.
Sight distance for opposing left turns may be increased by offsetting the left-turn lanes.

Use Equation 11-2.1 and the gap acceptance times (t;) from Figure 11-2| to determine the
applicable intersection sight distances for the left-turning vehicle. Where the left-turning vehicle
must cross more than one opposing lane, add 0.5 second for passenger cars or 0.7 second for
trucks for each additional lane in excess of one. Where medians are present and the left-turns
are not offset, the designer will need to consider the median width in the same manner as
discussed in Section 11-2.03.01. Figure 11-2J provides the ISD values for typical design
vehicles and two common left-turning situations.

11-2.07 Effect of Skew

Where it is impractical to realign an intersection that is greater than 30° from the perpendicular,
adjust the gap acceptance times (ty) presented in the above sections to account for the
additional travel time required for a vehicle to make a turn or cross a facility. For oblique-angled
intersections, determine the actual path length for a turning or crossing vehicle by dividing the
total distance of the lanes and/or median to be crossed by the sine of the intersection angle. If
the actual path length exceeds the total width of the lanes to be crossed by 12 ft or more, apply
the applicable adjustment factors; see Figure 11-2K.

11-2.08 ISD Worksheet

The ISD that is required may vary for each approach. Use Figure 11-2L to document the required
and actual ISD available at an intersection.
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Design Vehicle Gap Acceptance Time (tg) (sec)
Passenger Car 55
Single-Unit Truck 6.5
Tractor/Semitrailer 7.5

Adjustments:  Where left-turning vehicles cross more than one opposing lane, add 0.5 seconds
for passenger cars or 0.7 seconds for trucks for each additional lane in excess of
one. See Section 11-2.06 for additional guidance on median widths.

GAP ACCEPTANCE TIMES
(Left Turns From Major Road)

Figure 11-2|
ISD (ft)
Design Speed (Vmajor) Passenger Cars Single-Unit Trucks Tractor/Semitrailers
(mph) Crossing | Crossing | Crossing | Crossing | Crossing | Crossing
1 lane 2 lanes 1lane 2 lanes 1 lane 2 lanes
20 165 180 195 210 225 245
25 205 225 240 265 280 305
30 245 265 290 320 335 365
35 285 310 335 375 390 425
40 325 355 385 425 445 485
45 365 400 430 480 500 545
50 405 445 480 530 555 605
55 445 490 530 585 610 665
60 485 530 575 635 665 725
65 530 575 625 690 720 785
70 570 620 670 745 775 845

Note: Assumes no median on major road.

INTERSECTION SIGHT DISTANCES
(Left Turns From Major Road)

Figure 11-2J
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SIGHT DISTANCE AT SKEWED INTERSECTIONS
Figure 11-2K



Project Number:

INTERSECTION SIGHT DISTANCE

INTERSECTION:

NAME OF N/S
ROADWAY

DISTANCE FROM EYE
LOCATION TO NEAREST
THROUGH LANE

APPROACH SPEED OF
CROSSING TRAFFIC

REQUIRED
ISD

ACTUAL ISD
AVAILABLE*

NORTHBOUND
LEFT LANE
LOOKING LEFT

NORTHBOUND
RIGHT LANE
LOOKING RIGHT

SOUTHBOUND
LEFT LANE
LOOKING LEFT

SOUTHBOUND
RIGHT LANE
LOOKING RIGHT

EASTBOUND
LEFT LANE
LOOKING LEFT

EASTBOUND
RIGHT LANE
LOOKING RIGHT

WESTBOUND
LEFT LANE
LOOKING LEFT

WESTBOUND
RIGHT LANE
LOOKING RIGHT

*A design exception will be required for each location where this is less than the required.

ISD WORKSHEET
Figure 11-2L
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11-2.09

ISD Application

The following three examples illustrate the application of the ISD criteria:

Example 11-2.09(1)

Given:
Problem:
Solution:
1.
2.
a.
b.
c.
3.

Minor road intersects a 4-lane highway with opposing left-turn lanes.
Minor road is stop controlled and intersects major road at 90°.
Design speed of the major highway is 45 mph.

All travel lane widths are 12 ft

The left-turn lane widths are 12 ft

Grade on minor road is 1%.

Trucks are not a concern.

Determine the intersection sight distance to the left and right from the minor road.

The following steps will apply:

For the passenger car turning right, the ISD to the left can be determined directly from
Figure 11-2C. For the 45 mph design speed, the ISD to the left is 500 ft.

For the passenger car turning left, the ISD to the right must reflect the additional time
required to cross the additional lanes and the left-turn lane; see Section 11-2.03.01. The
following will apply:

First, determine the extra width required by the one additional travel lane and the
left-turn lane and divide this number by 12 ft:

(12 +12)
12

= 2.0 lanes

Next, multiply the number of lanes by 0.5 second to determine the additional time
required:

(2.0 lanes)(0.5 sec/lane) = 1.0 seconds

Add the additional time to the basic gap time of 7.5 seconds and insert this
value into Equation 11-2.1:

ISD = (1.47)(45)(7.5 + 1.0) = 562 ft

Provide an ISD of 565 ft to the right for the left-turning vehicle.

Check the crossing vehicle, as discussed in Section 11-2.03.03. The following will apply:

a.

First determine the extra width required by the two additional travel lanes and the
turn lane and divide this number by 12 ft:
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w =3.0lanes
12
b. Next, multiply the number of lanes by 0.5 second to determine the additional time
required:

(3.0 lanes)(0.5 sec/lane) = 1.5 seconds

C. Add the additional time to the basic gap time of 6.5 seconds and insert this value
into Equation 11-2.1:

ISD = (1.47)(45)(6.5 + 1.5) = 529 ft
The 529 ft for the crossing maneuver is less than the 565 ft required for the left-turning

vehicle and, therefore, is not the critical maneuver.

Example 11-2.09(2)

Given: Minor road intersects a 4-lane divided highway.
Minor road is stop controlled and intersects major road at 90°.
Design speed of the major highway is 60 mph.
All travel lane widths are 12 ft.
The median width is 50 ft.
Grade on minor road is 4%.
Grade in median is 1%.
The design vehicle is a 64-passenger school bus that is 35.8 ft long.

Problem: Determine the intersection sight distance to the left and right from the minor road.
Solution: The following steps apply:

1. For a school bus, assume an SU design vehicle.

2. For the school bus turning right, the ISD to the left can be determined directly from
Figure 11-2C. For the 60 mph design speed, the ISD to the left is 840 ft. However, the
approach grade is greater than 3%; therefore, increase the 840 ft as discussed in Figure
11-2B. Use Equation 11-2.1 and Figure 11-2B:

ISD = (1.47)(60)(9.5 + (4 x 0.1)) = 875 ft

3. Determine if the crossing maneuver is critical; see Section 11-2.03.03. Also, because the
approach is greater than 3%, the value must be increased as discussed in Figure 11-2F.
Using Equation 11-2.1 and Figure 11-2F:

ISD = (1.47)(60)(8.5 + (4 x 0.1) = 785 ft
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The crossing maneuver ISD is less than the right-turning maneuver and, therefore, is not
critical.

4. For the school bus turning left, it can be assumed the school bus can safely stop in the
median (i.e., 50 ft minus 35.8 ft). The ISD to the right can be determined directly from
Figure 11.2C. For the 60 mph design speed, the ISD to the right for the left turn is 840 ft.
The crossing maneuver will not be critical.

Example 11-2.09(3)

Given: Minor road intersects a 4-lane divided highway.
Minor road is stop controlled and intersects major road at 90°.
Design speed of the major highway is 50 mph.
All travel lane widths are 12 ft.
Existing median width is 24 ft.
Trucks are not a concern.
The design vehicle is a passenger car that is 19 ft long.

Problem: Determine the intersection design and sight distance for a vehicle turning left
from the major road.

Solution:
The median is too narrow to store the turning vehicle. Therefore, the turning movement must be
made in one motion. For the passenger car turning left, the ISD must reflect the additional time

required to cross the median and additional lanes; see Section 11-2.06. The following will apply:

1. First, determine the extra width required by the one additional travel lane and the median
and divide this number by 12 ft:

M:manes
12
2. Next, multiply the number of lanes by 0.5 second to determine the additional time
required:

(3 lanes)(0.5 sec/lane) = 1.5 seconds

3. Add the additional time to the basic gap time of 5.5 seconds and insert this value into
Equation 11-2.1:

ISD = (1.47)(50)(5.5 + 1.5) = 515 ft

Provide an ISD of 515 ft for the left-turning vehicle.
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11-3.0 TURNING RADII (RIGHT TURNS)

11-3.01 Types of Treatment

At intersections, the designer must decide how best to accommodate right-turning vehicles. A
design must be selected for the edge of pavement or curb lines, which may be one of the
following types:

simple radius,

simple radius with entering and exiting tapers,
3-centered symmetric compound curve, or
3-centered asymmetric compound curve.

PwbdPRE

Each basic design type has its advantages and disadvantages. The simple radius is the easiest
to design and construct and, therefore, it is the most common. However, the designer should
also consider the benefits of the simple radius with an entering and exiting taper. Its advantages
as compared to other designs include:

1. The simple radius with tapers provides approximately the same transitional benefits as
the compound curvature arrangements, but it is easier to design, survey and construct.

2. To accommodate a specific vehicle with no encroachment, a simple radius requires
greater intersection pavement area than a radius with tapers. For large vehicles, a
simple radius is often an unreasonable design, unless a channelized island is used.

3. A simple radius results in greater distances for pedestrians to cross than a radius with
tapers.
4, For angles of turn greater than 90°, a radius with tapers is a better design than a simple

radius, primarily because less intersection area is required.

11-3.02 Design Vehicle Selection

In general, the selected design vehicle should be the largest vehicle likely to make the turn with
some frequency; however, there are also advantages at some locations to minimizing the size
of the intersection. Therefore, the appropriate design vehicle may vary from intersection to
intersection, and the selection will involve an assessment of the number and types of vehicles
that will make the turn, accident history, pedestrian volume, etc. Figure 11-3A presents
suggested criteria that the designer should use as a starting point.

The WB-67 design vehicle (large truck) is allowed on the National Truck Network (the Interstate
highway system and other freeways in Connecticut except the Merritt Parkway). Large trucks
must have reasonable access to truck facilities for a distance of 1 mi from the Network route.
Therefore, large trucks may be allowed to make right turns at some at-grade intersections, and
the designer should consider this possibility. The designer should exercise judgment when
deciding which intersections should be designed according to the turning characteristics of the
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large truck. Some intersections (e.g., those near truck stops) are obvious candidates. The
designer should also consider whether or not an intersection might in the future need to
accommodate the large truck. Individuals or entities may apply for access permits for greater
distances through the Commissioner of CONNDOT by applying to the Motor Transport Services
Division in the Bureau of Public Transportation. Finally, the designer should consider that even
longer trucks than the WB-67 vehicle may today or in the future be negotiating the intersection.
Where a significant number of these are expected, the designer should take this into
consideration.

In many locations, there is a conflict between the need to accommodate trucks and a public
desire to reduce the size of intersections. It may occasionally be appropriate to use a lesser
design vehicle; however, the designer is responsible for ensuring that vehicles have appropriate
access.

For Turn For Turn Minimum Suggested . .
Made From Made Onto Design Vehicle Turning Radii (f
WB-62
Freeway Ramp All WB-674 60
Arterial
Arterial Collector WB-62 60
Local
Arterial
Collector Collector SU 60
Local
Arterial
Local Collector SuU 45
Local

Notes:

1. The criteria apply to both urban and rural intersections.

2. See Section 11-3.02 for a discussion of the selection of a WB-67 truck for intersection
design.

3. Radii are minimum for the outer wheel of the turning vehicle or tractor cab.

4. WB-67 must be physically able to make the turn.

DESIGN VEHICLE SELECTION
Figure 11-3A
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11-3.03 Designs for Pavement Edge/Curb Line

Once the designer has selected the design vehicle (Figure 11-3A) and the type of right-turn
treatment (e.g., simple radius), he/she must now determine the appropriate design for the
pavement edge or curb line. Figure 11-3B presents recommended criteria. The designer should
consider that there are certain assumptions built into these numbers. The following presents the
major assumptions:

1. Encroachment. The criteria in Figure 11-3B will allow the indicated vehicle to make the
turn entirely within its lane of travel; i.e., no encroachment into adjacent lanes will occur.

2. Speed. The criteria in Figure 11-3B have been developed assuming a turning speed of
less than 10 mph.

3. Inside Clearance. The criterion in the table assumes that a 2-ft clearance is maintained
throughout most of the turn and that the clearance is never less than 1 ft.

4, Parking Lanes/Shoulders. The criteria in the table assume that no parking lanes or
shoulders are available which would, of course, allow the vehicle additional space on the
inside to make the turn.

Because of these assumptions, the criteria in Figure 11-3B should serve as a starting point to
determine the design for the pavement edge or curb line. To determine the final design, the
designer must use a turning template for the selected design vehicle. The turning template
should be used to check both right and left turns to ensure that the design vehicle has adequate
receiving width in both directions. The designer should also consider the discussion in the
following sections.

11-3.03.01 Tolerable Encroachment

To determine the tolerable encroachment, the designer should evaluate several factors,
including traffic volumes, one-way or two-way operation and the functional classes of the
intersecting roads or streets. Figure 11-3C presents recommended criteria for tolerable
encroachment for right-turning vehicles. The designer must evaluate these criteria against the
construction and right-of-way impacts for meeting the encroachment recommendations. For
example, if these impacts are significant and if through and/or turning volumes are relatively
low, the designer may decide to accept encroachment for the design vehicle which exceeds the
criteria in Figure 11-3C. Considering local conditions, the width of local side road at the back of
the curb return should be 30 ft.
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Angle Simple Simple Curve Radius 3-Centered Compound 3-Centered Compound

of Deﬁigln Cu(;ve With Taper Curve Symmetric Curve Asymmetric

Vehicle | Radius [ Radius | Offset Radii Offset Radii
e (f @ | @ [P @ (f (f Offset

P 60
SuU 100

30 WB-40 150
WB-50 200
WB-62 360 220 3.0 15:1
P 50
SU 75

45 WB-40 120
WB-50 175 120 2.0 15:1 200-100-200 3.0
WB-62 230 145 4.0 15:1 460-240-460 2.0 120-140-500 3.0-85
P 40
SuU 60

60 WB-40 90
WB-50 150 120 3.0 15:1 200-75-200 5.5 200-75-275 2.0-7.0
WB-62 170 140 4.0 15:1 400-100-400 15.0 110-100-200 | 10.0-12.5
P 35 25 2.0 10:1 100-75-100 2.0
SuU 55 45 2.0 10:1 120-45-120 2.0

75 WB-40 60 2.0 15:1 120-45-120 5.0 120-45-195 2.0-6.5
WB-50 65 3.0 15:1 150-50-150 6.5 150-50-225 2.0-10.0
WB-62 145 4.0 20:1 440-75-440 15.0 140-100-540 5.0-12.0
P 30 20 25 10:1 100-20-100 25
SuU 50 40 2.0 10:1 120-40-120 2.0

90 WB-40 45 4.0 10:1 120-40-120 5.0 120-40-200 2.0-6.5
WB-50 60 4.0 15:1 180-60-180 6.5 120-40-200 2.0-10.0
WB-62 120 4.5 30:1 400-70-400 10.0 160-70-360 6.0-10.0
P 20 25 100-20-100 25
SuU 35 3.0 100-35-100 3.0

105 WB-40 40 4.0 100-35-100 5.0 100-55-200 2.0-8.0
WB-50 55 4.0 15:1 180-45-180 8.0 150-40-210 2.0-10.0
WB-62 115 3.0 15:1 520-50-520 15.0 360-75-600 4.0-10.5
P 20 2.0 100-20-100 2.0
SU 30 3.0 100-30-100 3.0

120 WB-40 35 5.0 120-30-120 6.0 100-30-180 2.0-9.0
WB-50 45 4.0 15:1 180-40-180 85 150-35-220 2.0-12.0
WB-62 100 5.0 15:1 520-70-520 10.0 80-55-520 24.0-17.0
P 20 15 10:1 100-20-100 15
SU 30 4.0 10:1 100-30-100 4.0

135 WB-40 30 8.0 15:1 120-30-120 6.5 100-25-180 3.0-13.0
WB-50 40 6.0 15:1 160-35-160 9.0 130-30-185 3.0-14.0
WB-62 80 5.0 20:1 600-60-600 12.0 100-60-640 14.0-7.0
P 18 2.0 10:1 75-20-75 2.0
SuU 30 4.0 8:1 100-30-100 4.0

150 WB-40 30 6.0 8:1 100-30-100 6.0 90-25-160 1.0-12.0
WB-50 35 7.0 6:1 160-35-160 7.0 120-30-180 3.0-14.0
WB-62 60 10.0 10:1 480-55-480 15.0 140-60-560 8.0-10.0
P 15 0.5 20:1 50-15-50 0.5
SuU 30 1.5 10:1 100-30-100 1.5
WB-40 20 9.5 5:1 100-20-100 9.5 85-20-150 6.0-13.0

180 WB-50 25 9.5 5:1 130-25-130 9.5 100-25-180 6.0-13.0
WB-62 55 10.0 15:1 800-45-800 20.0 100-55-900 15.0-15.0

Note:  Many assumptions have been made in the development of these criteria. See Section 11-3.03 for a discussion.

EDGE OF PAVEMENT DESIGNS FOR TURNS AT INTERSECTIONS
Figure 11-3B



Type of Traffic

For Turn Made

For Turn Made

Tolerable Encroachment for Selected Design Vehicle

For Road/Street From Which Turn

For Road/Street Onto Which Turn

Control From Onto Made Made
Stop-Controlled Through No encroachment into adjacent No encroachment beyond
Road/Street Road/Street lanes outermost or right travel lane
Stop-Controlled
Through Stop-Controlled No encroachment into adjacent No encroachment into opposing
Road/Street Road/Street lanes lanes of travel
Signalized Either Either No encroachment into adjacent No encroachment into opposing
g Road/Street Road/Street lanes lanes of travel
Notes: 1. See Figure 11-3A for design vehicle selection.

2. For all conditions, the design vehicle is assumed to be in the outermost through travel lane or exclusive right-turn lane,

whichever applies, before the turn made.

3. The table indicates those conditions where the turning vehicle cannot encroach into the opposing lanes of travel. In
addition, for roads/streets with two or more through travel lanes, consider providing a design so that the turning vehicle

does not encroach beyond the outermost or right travel lane.

4. For the indicated tolerable encroachment (e.g., none into adjacent lanes), the design vehicle should not come closer
than 9 in to the lane at any point in the turn.

5. Regardless of the selected design vehicle or the criteria for encroachment, a WB-50 should physically be able to make
all turns at all intersections without backing up and without impacting curbs, parked cars, utility poles, mailboxes or

any other obstruction.

RECOMMENDED TOLERABLE ENCROACHMENTS FOR RIGHT-TURNING VEHICLES
Figure 11-3C
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11-3.03.02 Inside Clearance
The following will apply to the assumed inside clearance of the turning vehicle:

1. Maximum. The selected design vehicle will make the right turn while maintaining
approximately a 2-ft clearance from the pavement edge or curb line and will not come
closer than 9 in.

2. Minimum. At restricted sites, it may be necessary to assume a less generous clearance.
At a minimum, the selected design vehicle may be allowed to make the right turn so that
its wheels will almost touch the pavement edge or curb line. This means that the vehicle
will overhang beyond the edge. Therefore, the designer must ensure that the turning
vehicle will not impact any obstructions (e.qg., signal poles, mailboxes, signs).

11-3.03.03  Parking Lanes/Shoulders

At many intersections, parking lanes and/or shoulders will be available on one or more
approach legs, and this additional roadway width may be carried through the intersection. This
will greatly decrease the turning problems for large vehicles at intersections with small curb
radii. Figure 11-3D illustrates the turning paths of several design vehicles with curb radii of 15 ft
or 25 ft and where 8-ft to 10-ft parking lanes are provided. The presence of a shoulder 8 ft to 10
ft in width will have the same impact as a parking lane. The figure also illustrates the necessary
distance to restrict parking before the P.C. (15 ft) and after the P.T. (20 to 40 ft) on the cross
street. The designer will, of course, need to check the proposed design with the applicable
turning template and encroachment criteria. The designer should not consider the beneficial
effects of a parking lane if the lane will be used for through traffic part of the day or if parking will
likely be prohibited in the future.

11-3.03.04 Pedestrians

The greater the turning radius or the number of lanes, the farther pedestrians must walk in the
roadway. This is especially important to disabled individuals. Therefore, the designer should
consider this when determining the edge of pavement or curb line design. This may lead to, for
example, the decision to use a turning roadway (see Section 11-4.0) to provide a pedestrian
refuge. In addition, where the pedestrian must cross more than four lanes, the designer should
evaluate the accommodation of pedestrian traffic.

11-3.03.05 Summary

In summary, the designer should determine the proper design for the edge of pavement or curb
line to accommodate right-turning vehicles as follows:

1. Select the type of turning treatment:
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simple radius,

simple radius with entering and exiting tapers,
3-centered symmetric compound curve, or
3-centered asymmetric compound curve.

aoow

Use Figure 11-3B as a starting point.

2. Select the design vehicle (Figure 11-3A).

3. Determine the tolerable encroachment (Figure 11-3C).

4, Determine the appropriate inside clearance (Section 11-3.03.02).

5. Consider the benefits of any parking lanes or shoulders (Section 11-3.03.03).

6. Consider impacts on pedestrians (Section 11-3.03.04).

7. Check all proposed designs with the applicable vehicular turning template.

8. Revise design as necessary to accommodate the right-turning vehicle or determine that

this is not practical because of adverse impacts.
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11-4.0 TURNING ROADWAYS

Turning roadways are channelized areas (painted or raised) at intersections at-grade.

11-4.01 Guidelines

The need for a turning roadway will be determined on a case-by-case basis. The designer
should consider using turning roadways when:

1. there is a need to allow right turns at 15 mph or more on, for example, rural or urban
arterials;

2. The angle of turn will be greater than 90°;

3. the volume of right turns is especially high;

4, there is significant amount of unused pavement; and/or

5. the selected design vehicle is a semi-trailer combination.

11-4.02 Design Criteria

Figure 11-4A illustrates a typical design for a turning roadway at an urban intersection. The
following sections provide additional guidance on the design of a turning roadway.

11-4.02.01  Design Speed

Where practical, the design speed on a turning roadway should be within 20 mph of the
mainline design speed. However, a turning roadway even at a low design speed (e.g., 15 mph)
will still provide a significant benefit to the turning vehicle regardless of the speed on the
approaching highway. Typically, the design speed for a turning roadway will be in the range of
15-20 mph. For 3-centered compound curves, this criterion applies to the design speed of the
sharpest curve.

11-4.02.02 Horizontal Alignment

The horizontal alignment of turning roadway design differs from that of open-roadway
conditions, which are discussed in Chapter Eight. The following discusses several of the
assumptions used to design horizontal alignment for turning roadways:

1. Curvature Arrangement. For many turning roadway designs, a 3-centered compound
curve is the preferred curvature arrangement.
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2. Superelevation. Turning roadways are often relatively short in length. This greatly
increases the difficulty of superelevating the roadway. Therefore, a flexible approach is
used for superelevating turning roadways. Figure 11-4B provides a range of
superelevation rates that the designer may select for various combinations of curve radii
and design speeds. For many turning roadways with low design speeds (e.g., 15 - 20
mph), the superelevation rate will typically be 2%. The maximum superelevation rate for
turning roadways should not exceed 6%. Selection of the appropriate superelevation
rate will be based on field conditions and will be determined on a site-by-site basis.

Range in Superelevation Rate
Radius for Turning Roadways with Design Speed (mph) of
(f)
15 20 25 30 40 45
50 2%-6% — — — — —
90 2%-6% 2%-6% — — — —
150 2%-5% 2%-6% 4%-6% — — —
230 2%-4% 2%-6% 3%-6% 6% — —
310 2%-3% 2%-4% 3%-6% 5%-6% — —
430 2%-3% 2%-3% 3%-5% 4%-6% 6% —
600 2% 2%-3% 2%-4% 3%-5% 5%-6% —
1000 2% 2%-3% 2%-3% 3%-4% 4%-5% 5%-6%
1500 2% 2% 2% 2%-3% 3%-4% 4%-5%

SUPERELEVATION RATES
(Turning Roadways)

Figure 11-4B

3. Superelevation Transitions. When a turning roadway is superelevated, the transition
length should meet the criteria presented in Chapter Eight for the relative longitudinal
slope. However, due to the restrictive nature of turning roadways and their typically short
lengths, actual transition lengths will be determined on a case-by-case basis. The
designer should review the field conditions, deceleration and acceleration taper lengths,
right-of-way restrictions and construction costs to produce a practical design for
superelevation transition lengths at turning roadways.

4. Superelevation Development. Figure 11-4C illustrates a schematic of superelevation
development at a turning roadway. The actual development will depend upon the
practical field conditions combined with a reasonable consideration of the theory behind
horizontal curvature. The following presents criteria that should be met:
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Note: The axis of rotation is first about Edge 2 and then about Edge 4.

DEVELOPMENT OF SUPERELEVATION AT
TURNING ROADWAY TERMINALS

Figure 11-4C
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a. No change in the normal cross slope is necessary up to Section B-B. Here, the
width of turning roadway is nominally less than 3 ft.

b. The full width of the turning roadway should be attained at Section D-D. The
amount of superelevation at D-D will depend upon the practical field conditions.

C. Beyond Section D-D, the turning roadway pavement should be rotated as
needed to provide the required superelevation for the design speed of the turning
roadway.

d. The minimum superelevation transition length should meet the criteria set forth in
ltem #3.

e. The superelevation treatment for the existing portion of the turning roadway

should be similar to that described for the entering portion. However, for stop-
control merges the superelevation on the turning roadway should match the
cross slope on the merging highway or street.

5. Minimum Radius. The minimum turning roadway radii are based on design speed, side-
friction factors and superelevation; see Chapter Eight. Figure 11-4D presents minimum
radii for various turning roadway conditions. As discussed in Item #2, a range of
superelevation rates may be used. Therefore, Figure 11-4D presents minimum radii for
several assumed superelevation rates. In addition, the lengths of the entering and exiting
curves should meet the criteria in Note 3 of Figure 11-4D.

6. Cross _Slope Rollover. Figure 11-4E presents the maximum allowable algebraic
difference in the cross slopes between the mainline and turning roadway where they are
adjacent to each other. In Figure 11-4C, these criteria apply between Section A-A and
Section D-D. This will likely be a factor only when a superelevated mainline is curving to
the left.

11-4.02.03  Width

Turning roadway widths are dependent upon the turning radii and design vehicle selected.
Figure 11-3A provides the criteria for selection of the appropriate design vehicle. Figure 11-4F
presents the turning roadway pavement widths for various design vehicles based on 1-lane,
one-way operation with no provision for passing a stalled vehicle. This design is generally
appropriate for most at-grade intersections. The pavement widths in Figure 11-4F provide an
extra 6-ft clearance beyond the design vehicle’s swept path. This additional width provides extra
room for maneuverability, driver variances and the occasional larger vehicle.

11-4.02.04  Angle of Turn

Figure 11-4F is applicable to highways that intersect at 90°. Figure 11-4G presents turning
roadway criteria for oblique angles of intersection.
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Turning Maximum Assumed Calculated Design
Roadway Side Super- Radius Radius
Design Speed Friction Elevation

(mph) (®) (e) (ft) (ft)
2% 44 45

15 0.32 4% 42 45
6% 39 40

2% 92 95

20 0.27 4% 86 90
6% 81 85

2% 167 170

25 0.23 4% 154 155
6% 144 145

2% 273 275

30 0.20 4% 250 250
6% 231 235

2% 408 410

35 0.18 4% 371 375
6% 340 340

2% 593 595

40 0.16 4% 533 535
6% 485 485

Notes:

1. For design speeds greater than 40 mph, use rural conditions. See Chapter Eight.

2. See Figure 11-4B for the recommended range of superelevation rates for a given radius
and design speed. The lower values are more appropriate for urban and high-volume
areas.

3. A flatter curve, no more than twice the design radius of the sharper curve, should be
used to transition into and out of the sharper radius. The length of the flatter transition
curve will be:

. 500 or
Radius of Sharper Curve (ft) 100 | 150 | 200 | 250 | 300 | 400 more
Length of Flatter Minimum (ft) 40 | 50 | 60 | 80 | 100 | 120 140
Transition Curve Upper Range (ft)| 60 | 70 | 90 | 120 | 140 | 180 | 200

MINIMUM RADII FOR TURNING ROADWAYS
Figure 11-4D
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Maximum Algebraic
Difference in Cross Slope
at Crossover Line

Design Speed of Curve
at Section D-D*

(mph) %
15-20 5-8
25-30 5-6
>30 4-5

* See Figure 11-4C.

PAVEMENT CROSS SLOPE AT TURNING ROADWAY TERMINALS

Figure 11-4E
Radius on Inner Edge of Width of Turning Roadways (ft)
Pavement R (ft) P SuU WB-50 WB-62
50 13 18 32 43
75 13 17 25 29
100 13 16 22 25
150 12 15 19 21
200 12 15 18 20
300 12 15 17 18
400 12 15 17 18
500 12 15 17 18
Tangent 12 14 15 15
Notes:
1. If a vertical curb is used on one side, then a curb offset of 1 ft should be added to the
table value.
2. If a vertical curb is used on both sides, then a curb offset of 2 ft (1 ft on each side)

should be added to the table value.

PAVEMENT WIDTHS FOR TURNING ROADWAYS
Figure 11-4F
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Three-Centered .
Angle Design Compound Curves Width Approg.
of Turn Classification of Lane Island Size
(degrees) Radii Offset (ft) (ft2)
(ft (ft
A 150-75-150 3.5 14 60
75 B 150-75-150 5.0 18 50
C 180-90-180 3.5 20 50
A 150-50-150 3.0 14 50
90 B 150-50-150 5.0 18 80
C 180-65-180 6.0 20 125
A 120-40-120 2.0 15 70
105 B 100-35-100 5.0 22 50
C 180-45-180 8.0 30 60
A 100-30-100 2.5 16 120
120 B 100-30-100 5.0 24 90
C 180-40-180 8.5 34 220
A 100-30-100 2.5 16 460
135 B 100-30-100 5.0 26 370
C 160-35-160 9.0 35 640
A 100-30-100 2.5 16 1400
150 B 100-30-100 6.0 30 1170
C 160-35-160 7.1 38 1720
Notes:
1. Asymmetric three-centered compound curves and straight tapers with a simple curve can also be

used without significantly altering the width of roadway or corner island size.

2. Painted island delineation is recommended for islands less than 75 ft2 in size.
3. Design classification:
A — Primarily passenger vehicles; permits occasional single-unit truck to turn with restricted

clearances.

Provides adequately for SU; permits occasional WB-50 to turn with slight encroachment
on adjacent traffic lanes.

Provides fully for WB-50.

TURNING ROADWAY DESIGN

Figure 11-4G
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11-4.02.05 Acceleration/Deceleration Lanes

As discussed in Section 11-4.02.01, the design speed on the turning roadway should be within
20 mph of the mainline design speed. Where this is not practical, the designer should consider
using a deceleration lane. They are especially beneficial where mainline and turning volumes
are high; at these intersections, the deceleration lane may also be needed for storage. An
acceleration lane for the exiting portion of the turning roadway may also be justified. However, it
may not be used to good advantage if the turning roadway will be stop controlled. Acceleration
and deceleration lanes should be considered at intersections that include turning roadways for
arterials with a design speed of 50 mph or more. See Section 11-5.0 for the design details of the
auxiliary lanes.
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11-5.0 AUXILIARY TURNING LANES

This section presents criteria for the design and guidelines for auxiliary lanes at intersections. In
particular the designer should consider that deceleration lanes are advantageous, especially on
high-speed highways. A driver leaving the highway has no choice but to slow down in the
through travel lane if a deceleration lane is not provided.

11-5.01 Guidelines for Right-Turn Lanes

In general, exclusive right-turn lanes should be provided for at-grade intersections as follows:

1. at any unsignalized intersection on a 2-lane urban or rural highway which satisfies the
criteria in Figure 11-5A;

2. at any intersection where a capacity analysis determines a right-turn lane is necessary to
meet the level-of-service criteria; or

3. at any intersection where the crash experience, existing traffic operations, sight distance
restriction or engineering judgment indicates a significant problem related to right-turning
vehicles.

11-5.02 Guidelines for Left-Turn Lanes

In general, exclusive left-turn lanes should be provided for at-grade intersections as follows:

1. on all divided urban and rural highways with a median wide enough to allow a left-turn
lane (this applies to intersections with public roads and to major traffic generators);

2. for all approaches at arterial/arterial intersection;

3. at any unsignalized intersection on a 2-lane urban or rural highway which satisfies the
criteria in Figures 11-5B, 11-5C, 11-5D, 11-5E or 11-5F;

4, at any intersection where a capacity analysis determines a left-turn lane is necessary to
meet the level-of-service criteria;

5. at any intersection included or expected to be within an interconnected signal system
where the presence of standing left-turning vehicles would disrupt the progression of
platooned traffic; or

6. at any intersection where the crash experience, traffic operations, sight distance
restrictions or engineering judgment indicates a significant problem related to left-turning
vehicles.
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Note:  For highways with a design speed below 50 mph and DHV < 300 and Right Turns > 40, an adjustment
should be used. To read the vertical axis of the chart, subtract 20 from the actual number of right turns.

Example:
Given: Design Speed = 40 mph
DHV = 250 VPH
Right Turns = 100 VPH
Problem: Determine if a right-turn lane is warranted.
Solution: To read the vertical axis, use 100 - 20 = 80 VPH. The figure indicates that a right-turn lane is not

warranted, unless other factors (e.g., high-rash rate) indicate a lane is needed.

GUIDELINES FOR RIGHT-TURN LANES
AT UNSIGNALIZED INTERSECTIONS ON 2-LANE HIGHWAYS

Figure 11-5A
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11-5.03 Design Details for Auxiliary Turning Lanes

The following criteria will apply to the design of auxiliary turning lanes:

1.

Length. The length of a turning lane will be the sum of its taper and storage lengths.
Figure 11-5G provides the design criteria that should be used to determine these
lengths. The designer will coordinate with the Division of Traffic Engineering to
determine if additional length to accommodate deceleration within the auxiliary lane is
warranted.

Width. The width of the turn lane should be according to the functional class, urban/rural
location and project scope of work. Chapters Two, Four and Five present the applicable
widths for auxiliary lanes. When curbing is provided, at a minimum, a 2-ft shoulder
should be provided along the turning lane.

Parking Lanes. A right-turn lane in an urban area will often require parking restrictions
beyond the typical restricted distances from the intersection. Also, it may require
relocating near-side bus stops to the far side of the intersection.

Median Openings. These should be designed according to the criteria in Section 11-6.0.

11-5.04 Typical Treatments for Auxiliary Turning Lanes

The following presents typical treatments for right- and left-turn lanes:

1.

Right-Turn Lanes. Figure 11-5H illustrates the typical development of an exclusive right-
turn lane. Note the insertion of short horizontal curves (R = 50 ft) at the beginning and
end of the taper. Consider providing these where curbs define the edge of the turn lane.

Channelized Left-Turn Lanes. On divided highways, the design presented in Figure 11-I
will apply to the development of an exclusive left-turn lane in the median. Figure 11-5J
illustrates the typical development of a channelized left-turn lane on a 2-lane highway.
The objective is to transition the pavement widening to meet the MUTCD criteria.

By-Pass Area. Figure 11-5K illustrates the typical design for a by-pass area. This is a
relatively inexpensive design to provide for through and left-turn movements at
intersections. The by-pass area is appropriate for T-intersections (signalized or
unsignalized) where left-turning volumes are light to moderate. It may be used at
signalized 4-way intersections, but only if turning volumes are low.

The decision to use either the channelized left-turn lane (Figure 11-5J) or the by-pass
area (Figure 11-5K) will be based on comparative costs, crash history, right-of-way
availability, through and turning traffic volumes, design speed and available sight
distance.



Design Design Speed Traffic Uober
Element (mph) Control bp Lower
30-45 1:8 1:8
Taper Rate 50 - 60 All 115 1.8
:?I?esle?oogrpi%niae;r?g(\j/;)r/geeoé-Vrﬁmﬁltis Based on number and type of vehicles
Unsignalized | period during the design hour likely to arrive in an average 1-minute
9 P 9 9 ' period during the design hour.
Storage (See Notes 1, 5, 6) (See Notes 1, 2, 5, 6)
Length All
(Full Width)
Based on 2.0 times the average number of | Based on 1.5 times the average number
Signalized cars that will store in the turning lane | of cars that will store in the turning lane

during the design hour.
(See Notes 3, 4, 5, 6)

during the design hour.
(See Notes 2, 3, 4, 5, 6)

o

Vehicular Lengths. Use the following design lengths per vehicle for calculating storage length: :

P:
SuU:

25 ft BUS: 40 ft
30 ft Semi-Trailer: 55 ft

Minimum Storage Length. For all intersections where traffic volumes are too low fo govern, the minimum storage length will be 50 ft (T < 10%) or 80 ft (T >

10%), where T is the % of trucks turning. These minimum lengths may also apply to right-turn lanes at unsignalized intersections if there is little likelihood of
the turning vehicle having to wait.

Queue Length of Through Traffic. In addition to the table criteria, the length of the turning lane should exceed the calculated queue length in the through travel

lane adjacent to the turning lane for the design hour.

Highway Capacity Manual. The designer should use the criteria in the HCM to calculate storage length.

Overall Length. The length of the auxiliary lane should include consideration of the number of vehicles expected to be stored and the extent to which

deceleration should take place in the auxiliary lane.

Division of Traffic Engineering. The designer should coordinate with the Division of Traffic Engineering to determine the design length of the turning lane.

LENGTH OF AUXILIARY TURNING LANES

Figure 11-5G
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Note: See Figure 11-5G for criteria on taper rate and storage length.
TYPICAL RIGHT-TURN LANE
Figure 11-5H
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