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Section 1
Intersection Planning & Development

Overview

The American Association of State Highway and Transportation Officials (AASHTO),
publishes information on geometric design in the following documents:

¢ A Policy on Geometric Design of Highways and Streets' (commonly known as the
Green Book),

¢ The Guide for the Development of Bicycle Facilities* (commonly known as the Bike
Guide), and

¢ The Guide for the Planning, Design, and Operation of Pedestrian Facilities
(commonly known as the Pedestrian Guide).

The Green Book defines an intersection as the general area where two or more highways
join or cross, including the roadway and roadside facilities for traffic movements within the
area. Intersections are an important part of a highway facility because the efficiency, safety,
speed, cost of operation, and capacity of the facility depend on their design to a great extent.
Each intersection involves through- or cross-traffic movements on one or more of the
highways and may involve turning movements between these highways. Traffic may
include vehicles, pedestrians, and bicyclists. Such movements may be facilitated by various
geometric design and traffic control, depending on the type of intersection.

Design Considerations and Objectives

The main objectives of intersection design are to facilitate the safe and efficient movements
of motor vehicles, buses, trucks, bicycles, and pedestrians. Intersection design should be
fitted closely to the operating characteristics of its users. Basic elements to consider in
intersection design are discussed in the AASHTO documents and include the following:

¢ Human Factors:
e  driving habits,
e ability of drivers, pedestrians, and bicyclists to make decisions,
e driver, pedestrian, and bicyclist expectancy,
e decision and reaction time of various users,
e conformance to natural paths of movement,
e pedestrian use, ability, and habits, and
e bicyclist use, ability, and habits;

¢ Traffic Considerations:
e design and actual capacities,
e design-hour turning movements,

e size and operating characteristics of vehicles,
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variety of movements (diverging, merging, weaving, turning, and crossing),

vehicle speeds,

crossing distance,
signal complexity,
transit involvement,
light rail operations,
freight rail operations,
crash experience,
bicycle movements, and

pedestrian movements;

¢ Physical Elements:

character and use of abutting property,
vertical alignments at the intersection,
sight distance,

angle of the intersection,

conflict area,

speed-change lanes,

geometric design features,

traffic control devices,

lighting equipment,

utilities,

drainage features,

safety features,

environmental factors,

pedestrian facilities (sidewalk, curb ramps, crosswalks), and

medians and islands;

¢ Economic Factors:

cost of improvements,

effects of controlling or limiting rights of way (ROWSs) on abutting residential or
commercial properties where channelization restricts or prohibits vehicular

movements,

energy consumption,
vehicular delay cost,
pedestrian delay,

air quality cost,

functional intersection area,
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e right of way available,
e number of approach lanes, and

e number of legs.

The Intersection Development Process

The development of intersections typically follows a path that includes planning, design,
construction, and operations. The development process also is influenced by feedback from
other projects and research findings. Figure 1-1 illustrates the continuous, integrated series
of steps that form the intersection development process. The process must be able to reflect
changes in goals and objectives, travel patterns, safety emphasis, geometric restrictions, and
capacity needs. Recent emphasis in society is on the better accommodation of pedestrians
and bicycles in the transportation network. All phases of the roadway development process
must be able to integrate the changes needed to reflect this evolving society goal.
Additionally, laws require design and construction that are usable by pedestrians who have
disabilities. Improvements (curb ramps, limited grade and slope, etc.) important to those
with mobility impairments are well known. However, treatments that are effective in
providing information to pedestrians with vision impairment are less understood.

L ANNING Intersection
¢ Public involvement De Velopment
e dies Process

« Community goals

« Trip generation ‘——
« Modal split \

« Traffic assignment

« Traffic projection FEEDBACK
* Accommodate multiple
modes * Future facilities
¢ Landscape/aesthetic * Major construction
provisions * Accommodating all users
* Better and safer design
* Increased efficiency
DESIGN

RESEARCH

* Design control & criteria

* Project parameters

* Environment

* Preliminary schematics

* Public meetings and
hearings

* Final design

* Human
performance
* Safety

OPERATIONS

* Review warrants,
CONSTRUCTION guidelines, & standards
* Modify design/
* Construction ! operational approach
* Traffic control plan * Maintenance

Figure 1-1. The Intersection Development Process.
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Planning is conducted in conjunction with an overall regional plan and with public
involvement that reflects the community goals. At this stage the facilities are classified and
basic corridor requirements are identified. Consideration of all modes should occur,
including transit, bicycle, and pedestrian facilities. Understanding the constraints presented
by intersections can assist in developing a network that meets the basic needs of all modes.
If the intersection is identified as being in a historic district or if there are historic buildings
near the intersection, contact the District Environmental Coordinator for information. The
presence of historic resources may affect development of project plans. Coordination with
the Texas Historical Commission will be needed.

Design involves the development of the project plans while considering the design control
and criteria applicable to the setting. The intersection type, lane configuration, basic
geometric form, pedestrian improvements, and right-of-way requirements are all developed
during design. Due to public interest in the development of transportation projects, the
design stage routinely includes public participation in some form.

Construction involves the building of all parts of the intersection as designed. An element
of construction is the consideration of how to accommodate the safe movement of vehicles,
pedestrians, and other users during the work.

Operations of the intersection include consideration of all users when selecting the traffic
control devices and evaluating how the devices are functioning. During operations, the
traffic control plan can be reviewed to determine if changes are desired. These changes
could result in revisions to the operational approach or in changes to the design of the
intersection.

Feedback from existing intersections can improve the planning, design, and operations
process. Feedback can come in many forms such as volumes, operating speed, and
complaints/comments from users. Crash records can be a valuable source of additional
information on the performance of a site.

Research can also provide valuable information on how to better plan, design, or operate an
intersection. It is an integral part of the process as it provides information on the various
users of the system, what techniques have worked in other areas, and how to improve the
system.

Policy and Procedures

The Texas Department of Transportation (TxDOT) has developed a series of manuals that
can assist with the development of roadways and intersections. These online manuals
include the following:

¢ Project Development Policy Manual® <link> — provides a one-stop location for all
project development-related policies and practices and facilitates research of project
development policy-related issues/requirements. The manual is also intended to provide
an overview of policy hierarchy, descriptions of various federal, state, and departmental
policy documents as well as a discussion on engineering ethics.
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¢ Project Development Process Manual’® <link> — facilitates uniform communication of
information so that the department can avoid overlooking tasks necessary for timely
project development. It provides the tasks that need to be performed, who is responsible
for them, and when they should be performed. It should result in improved coordination
to avoid situations that may result in delaying projects scheduled for letting.

¢ PS&E Preparation Manual® <link> — provides information on the tasks necessary for
completion of Plans, Specifications, & Estimate (PS&E) packages. It also discusses
how to use specifications and develop the engineer’s estimates. PS&E submissions and
processing along with pre-letting and post-letting procedures are included.

¢ Roadway Design Manual’ <link> — provides guidance in the selection of geometric
design criteria for highway and street project development. This manual represents a
synthesis of current information and operating practices related to the geometric design
of different classifications of roadway facilities.

¢ Access Management Manual® <link> — provides guidance for the design and location
of access to the state highway system and includes procedures for municipalities to be
granted permitting authority.

Design Exceptions, Variances, and Waivers

The design criteria contained in the Roadway Design Manual’ are applicable to all classes of
roadway. When the controlling criteria for a particular category of work (i.e., 4R, 3R, 2R, or
Special Facilities) cannot be met, design exceptions must be requested. The controlling
criteria are listed in Chapter 1 of the Roadway Design Manual <link>.

When criteria in noncontrolling categories are not met, design waivers must be handled at
the district level. The noncontrolling categories are provided in the Roadway Design
Manual <link>.

Finally, design variances must be sought when requirements in the Texas Accessibility
Standards (TAS) are not met (requirements are discussed in the Roadway Design Manual
Chapter 1 <link> and Chapter 2 (Sidewalk and Pedestrian Elements section), <link>).
Design variances should be sent to the Design Division for forwarding to the Texas
Department of Licensing and Regulation for approval.

Ultimate Design

Intersection operation is generally considered to be the greatest influence on the level of
service on urban roadways, which contrasts greatly with rural design. Consideration of
future expansion needs at intersections is a critical aspect of creating successful sustainable
designs in urban areas. Application 1-1 <link> provides an example of a subdivision
entrance design so that the ultimate cross section can be constructed without affecting the
subdivision entrance.

Obtaining traffic projections is a normal part of beginning a roadway design and provides
designers with information necessary to determine specific characteristics of the roadway
design. Those traffic projections, while prepared with great care, should be reviewed with a
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critical eye. Designers should consider the possibility that projected turning movement
volumes could be underestimated.

In other cases, roadway designs may be “standardized” in certain aspects. For example,
some agencies provide for dual left-turn movements at all intersections between major
roadways even though traffic projections for specific intersections may not be high enough
to justify their use at the projected design volume. This provides motorists with a strong
sense of what types of intersections will be encountered along a corridor, thereby enhancing
safety and reducing erratic operations. However, the impacts on non-motorized users need
to be evaluated when considering such policies.

Another consideration in urban design is the accommodation of pedestrians. Designing
urban roadways with a sidewalk or with the consideration that a sidewalk will be added at a
later date can result in overall cost savings for the corridor. Designing for a future sidewalk
can save costly reconstruction of driveways and moving of utilities.

Arterial to Arterial Intersection Design

Arterial to arterial intersections should be designed with the concept that geometric features
should be used to:

¢ maximize efficiency for all modes,
¢ accommodate turning vehicles, and

¢ balance the requirements of all modes so they interact in a safe and efficient manner.

Traffic Efficiency. Urban arterials are expected to (and should be designed to)
accommodate high vehicular traffic volumes at relatively high speeds. When arterial streets
intersect, a large number of vehicles are likely to need the same intersecting area. Also
sharing the space are pedestrians and bicyclists. The high demands often cause operational
bottlenecks or points of congestion. The most desirable geometric design for arterial to
arterial intersections is to eliminate the intersection by providing a grade separation or
interchange. However, factors such as right-of-way availability and construction costs often
prohibit the possibility of constructing a grade separation or interchange.

Arterial to arterial intersections must be designed and constructed for high capacity volumes
in order to eliminate, or at least alleviate, the bottlenecks. Two multilane arterials operating
at or near capacity volumes will create a bottleneck at their intersection unless the cross
sections of the arterials become wider at and on the approaches to the intersection. In order
to provide for the widened cross section, ROW widths must be increased at and on the
approaches to the intersection. Figure 1-2 illustrates how the ROW could be widened (or
flared) to accommodate the addition of turn lanes, pedestrian facilities, and transit needs at
an intersection. Arterial roadways generally serve as transit routes. Transit stops will
generate pedestrian traffic, as will the development that generally occurs at arterial
intersections.

Urban Intersection Design Guide 1-8 TxDOT 7/7/2005



Chapter 1 — Intersection Function Section 1 — Intersection Planning & Development

A
- (e) \ / ROW_
| © f
e o — o e = o - \4 7 _______ —
\ \\ 4 ’ (f)
[ I (f)
(@) ] ©) |
< >
Y l_ _ _i
| |
3 (a) |
[‘ i
[ |

(A) Typical cross section ROW adequate to include sidewalks & bicycle facilities

(B) Approach to intersection ROW

(C) ROW for corner clip adequate for pedestrian queuing and curb ramps at corners
(D) Length of approach to intersection to allow for turn bays

(E) Length of approach to intersection to allow for corner clips

(F) Offsets for corner clips

Figure 1-2. Right-of-Way Widths to Accommodate Intersection Needs.

Arterial to arterial intersections must be designed to accommodate high volumes of traffic
and to provide opportunities for pedestrian crossing movements (e.g., median refuge,
crosswalk design, curb ramp design, etc.). The initial design or reconstruction of an
intersection may also need to accommodate:

¢ illumination,

transit stops and shelters,
signage,

drainage structures,
streetscaping,

landscaping, and

® & & o oo o

crosswalk and curb ramp design.

Additionally, as noted in Section 4 of this chapter <link>, the increasing number of utilities
due to growth in both population and technology may be a consideration in determining the
amount of right of way needed. Further, because arterial to arterial intersections are
typically signalized, it is also important to design an intersection to accommodate for traffic
signals and the related hardware, without interfering with the other modes of travel.

Turn Lanes. Turning maneuvers are accommodated by providing left- and right-turn lanes.
The number and lengths of turning lanes affect the ability of the intersection to
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accommodate turning maneuvers and storage of turning vehicles. Through-traffic efficiency
is maximized when:

¢ The number of through lanes is maximized.
¢ Turning lanes are provided with long tapers and storage areas.

¢ Driveways, median openings, and street intersections are located at considerable
distances from the intersection.

¢ The time required for pedestrian movements provides for safe and efficient movement.

The provision of left-turn lanes provides greater capacity (particularly at signalized
intersections) and increased safety at intersections. Consideration of the possibility of
providing left-turn lanes in the future can influence the choice of median width.

On roadways with raised medians, median width should be selected to accommodate future
expansion possibilities. By selecting a median width that could accommodate future
pedestrian storage, the installation of left-turn lanes, dual left-turn lanes, or offset left-turn
lanes, an entire corridor could be provided with a higher level of service with minimal
disruption.

“Flaring” an intersection to provide turn lanes (both left and right) is frequently used to
improve traffic operations in urban locations (see Figure 1-2). Consideration of ROW needs
to accommodate such an improvement in the future could greatly reduce the cost of such a
design improvement. Flaring will increase the crossing time for pedestrians so adequate
space should be considered for pedestrian refuge.

Consideration of providing a right-turn lane in the future could lead to the acquisition of
more ROW at critical intersections. Because development frequently occurs around
intersections, those intersections should be carefully evaluated for the future need to install
right-turn lanes. Development can also result in increased pedestrian activities so the design
and resulting ROW needs of pedestrian facilities should be included in the evaluation.
Controlling the access within the area where turning vehicles and pedestrians queue will
improve the operation of the intersection.

Pedestrian Movements. The safety and efficiency of pedestrian movements at an
intersection may be improved by providing:

¢ good sight distances;

marked crosswalks;

accessible pedestrian signals;

push button actuations with locator tones;
short, direct crossings;

adequate time for crossing at the signal;

protected crossing phase at the signal;

® & & & o oo o

low speeds;
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¢ no right turn on red;

¢ clear, visible, multi-format information;
¢ pedestrian storage/refuge areas; and
L4

accessible curb ramps and landings.

Additional information on accommodating pedestrians is provided in Chapters 7 and 8 of
this Guide <link>.

Bicycle Movements. Bicycle movements should also be considered at intersections.
Chapter 4, Section 6 of this Guide <link> provides information on:

¢ Dbicycle lanes and

¢ shared roadways.
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Section 2
Types of Intersections

Overview

At each particular location, selecting an intersection type is influenced by:

® & & & 6 O o o o

functional class of intersecting streets;
design level of traffic;

number of intersecting legs;
topography;

access requirements;

traffic volumes, patterns, and speeds;
all modes to be accommodated;
availability of right of way; and

desired type of operation.

Although many of the intersection design examples are located in urban areas, the principles
involved apply equally to design in rural areas. Some minor design variations occur with
different kinds of traffic control, but all of the intersection types lend themselves to the
following types of control:

¢

¢
¢
¢

cautionary or non-stop control,
stop control for minor approaches,
four-way stop control, and

both fixed-time and traffic-actuated signal control.

Types of Intersections

When two or more roads intersect, there is potential for conflict between vehicles and
between various modes of travel. A priority in the design of at-grade intersections is to
reduce the potential severity of conflicts and at the same time, assure the convenience and
ease of all users in making the necessary maneuvers.

The basic types of intersections are:

¢

¢
¢
¢

T-intersection (with variations in the angle of approach),
four-leg intersection,
multileg intersection, and

roundabouts.
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A brief discussion of these intersection types follows. The basic intersection types vary
greatly in scope, shape, and degree of channelization. More detailed information regarding
intersection type and additional examples are provided in Chapter 9 of AASHTO’s A Policy
on Geometric Design of Highways and Streets.! Additionally, information on
channelization may be found in the National Cooperative Highway Research Project
(NCHRP) Report 279, Intersection Channelization Design Guide.”

Three-Leg or T-Intersections. The normal pavement widths of both highways should be
maintained at T-intersections except for the paved returns or where widening is needed to
accommodate the selected design vehicle. Typical T-intersections are shown in Figure 1-3,
and an aerial photograph of a channelized T-intersection is shown in Figure 1-4.

Four-Leg or Cross Intersections. Four-leg intersections vary from a simple 90-degree
intersection of two lightly traveled local roads to a complex intersection of two main
highways. The overall design principles, island arrangements, use of auxiliary lanes, and
many other aspects of three-leg intersection design also apply to four-leg intersections.
Patterns at four-leg intersections are shown in Figure 1-5 and aerial photographs in
Figure 1-6.

Multileg Intersections. Multileg intersections are seldom used and should be avoided where
possible. Most often they are found in urban areas where volumes are light and stop control
is used. At other than minor intersections, safety and efficiency are improved by
rearrangements that remove some conflicting movements from the major intersection.
Information on intersection realignment is provided in Chapter 3, Section 4, of this Guide
<link>.

—» Vehicular/bicycle travel
------ Pedestrian travel

k- i e , e = = - 8
Figure 1-4. Aerial Photograph of a Channelized T-Intersection.
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—>» Vehicular/bicycle travel
------ Pedestrian travel

Figure 1-5. Typical Four-Leg Intersections.

Figure 1-6. Aerial Photographs of Four-Leg Intersections.

Roundabouts. There has been an emergence of interest in modern roundabouts in some
parts of the United States since 1990. The term “modern roundabout” is used in the United
States to differentiate them from traffic circles and rotaries that have been in use for many
years. Two basic operational and design principles define modern roundabouts:

¢ yield-at-entry where entering vehicles must yield to crossing pedestrians and to vehicles
on the circulatory roadway of the roundabout and

¢ deflection of entering traffic where entering traffic is deflected to the right by a central
island on each approach to the roundabout.'

Additional information on roundabouts is provided as Application 1-2 <link>.
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Innovative Designs

Information on innovative intersection designs is included in the Applications document as
Application 1-3 <link>. The following designs are discussed:

¢ unconventional left-turn alternative designs:
e median U-Turn,
e bowtie,
e  superstreet,
e paired intersections,
e jug handle,
e continuous flow, and
e continuous green T;
¢ quadrant roadway intersection;
¢ flyovers, and

¢ echelon.
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Section 3
Components of an Intersection

Overview

An intersection consists of several components. This Section will review two major
components: right-of-way needs and intersection area. It will also discuss principles in
designing an intersection.

Principles of Intersection Design

A prime function of intersections is to provide for changes in travel direction. Intersection
design goals may include the following:

¢ Consider all modes: bicycles, pedestrians, transit, and motor vehicles.
Reduce number of conflict points.

Control relative speed.

Coordinate design and traffic controls.

Minimize skew angle.

Avoid multiple and compound merging and diverging maneuvers.
Separate conflict points.

Favor the predominant flow.

Segregate nonhomogeneous flows.

® & 6 O 6 o o o o

Be consistent with local/neighborhood objectives.

Right-of-Way Needs

Right-of-way (ROW) needs for intersections vary with:
type of intersection;
type of traffic control,

number of intersecting legs;

L4
L4
L4
¢ number of lanes on each approach;
¢ angle of the intersection;

¢ provision of sidewalks, curb ramps, and landings; and
L4

provision of bicycle lanes.

When adequate right of way is available both at and in advance of an intersection, the
desirable geometric features that contribute to a high level of safety, along with maximum
intersectional capacity and operational efficiency, can be constructed. Figure 1-2 illustrated
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the varying right-of-way widths to consider on an approach to an intersection. When right
of way is restricted, less desirable and less efficient intersection operations will result.
Therefore, the final design chosen for a new or reconstructed intersection will often be a
compromise between what is desirable and what can be provided, because adequate right of
way cannot always be obtained in a cost-effective manner.

Right-of-Way Acquisition

Procedures for acquiring right of way vary from agency to agency. TxDOT’s procedures are
included in the TxDOT Right of Way collection of online manuals. The Right of Way
collection includes the following:

Real Estate Acquisition Guide for Local Public Agencies'® <link>,
Vol. 1 - ROW Procedures Preliminary to Release''<link>,

Vol. 2 - ROW Acquisition'? <link>,

Vol. 3 — ROW Relocation Assistance' <link>,

Vol. 4 - ROW Eminent Domain'* <link>,

Vol. 5 — ROW Property Management' <link>,

Vol. 6 — ROW Miscellaneous'® <link>, and

Vol. 7 — ROW Beautification'” <link>.

® & 6 O o o oo o

These manuals are available on the TxDOT Web site at:
http://manuals.dot.state.tx.us/dynaweb.

Intersection Area

Both functional and physical areas define an intersection (see Figure 1-7). The functional
area of an intersection extends both upstream and downstream from the physical intersection
area and includes any auxiliary lanes and their associated channelization. The functional
area on the approach to an intersection or driveway consists of three basic elements as
shown in Figure 1-8:

¢ perception-reaction distance (d;),
¢ maneuver distance (d;), and

¢ queue-storage distance (d3).

The distance traveled during the perception-reaction time will depend upon vehicle speed,
driver alertness, and driver familiarity with the location. Where there is a left- or right-turn
lane, the maneuver distance includes the length needed for both braking and lane changing.
In the absence of turn lanes, it involves braking to a comfortable stop. The storage length
should be sufficient to accommodate the queues expected during a typical peak period.

Ideally, driveways should not be located:

¢ within the functional area of an intersection, or
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¢ in the influence area of an adjacent driveway.

For additional information on the spacing between access points, consult the TxDOT Access
Management Manual® <link> or the Design Division.
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Section 4
Utility Accommodation

Overview

Public utilities have located facilities on federal-aid highway right of way in the United
States since 1916,'” with individual states controlling the access and use of that right of way
through laws and regulations administered through their departments of transportation
(DOTs). Over time, right-of-way issues materialized as the network of roadways across the
U.S. expanded and grew. When Congress created the National System of Interstate and
Defense Highways in the mid-1950s, issues regarding access control of right of way
emerged as one of the safety factors of concern. As a result, the American Association of
State Highway and Transportation Officials developed A Policy on the Accommodation of
Utilities on the National System of Interstate and Defense Highways.*® States were required
to adopt guidelines and regulations that were at least as restrictive as those outlined in the
AASHTO guide. By 1966 these regulations had expanded to include all federal-aid
highways operated by state DOTs.”!

As required by federal mandate, Texas adopted guidelines for accommodating public
utilities in highway right of way. The Texas Utility Accommodation Policy, as contained in
the Texas Administrative Code” and the TxDOT Utility Manual issued by the ROW
Division, outlines the manner in which utilities may be accommodated along and across
highway right of way. The Texas Utilities Code™ grants utilities the right to access to the
right of way. These public utilities include lines that transport natural gas, water, electricity,
telecommunications, cable television, salt water, and common carrier petroleum and
petroleum-related products. Additionally, privately owned lines are normally allowed to
cross highway right of way.

Growing Demand for Utility Accommodation

As new public utilities form, the number of public utilities vying for space within the state’s
right of way increases. However, right of way is a finite resource and is quickly reaching its
capacity, creating congestion, pedestrian accessibility, and safety problems. Although
utilities have a right to access TxDOT right of way, the department determines whether
room is available to safely accommodate a particular utility installation. Costs to relocate a
public utility are inevitably borne by the utility rate and tax-paying citizens of our state.

As technology and the population grow, the need for expanding existing and adding new
utility lines increases. With the explosion in the telecommunications industry, both public
and private interests are building new networks and upgrading existing networks at an
unparalleled pace.”*

Interstates and other federal-aid highways often link major metropolitan centers and smaller
outlying cities. As a result, there is increasing interest by utility companies to occupy the
right of way of controlled access highways. In 1995 the AASHTO Board of Directors
revised its long maintained policy in opposition to the longitudinal use of freeway

rights of way for utilities by stating that there is a distinction between buried fiber-optic
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cables and other types of utilities and deemed permissible the longitudinal use for buried
fiber-optic cables under appropriate guidelines.*

Alternative Installation Methods

Just as the demand for utility accommodation has increased, the cost of right-of-way
purchase has also increased in recent years. With the proliferation of utilities in limited right
of way, the complexity of detecting and relocating utility lines during transportation
infrastructure projects has become a more complex issue. In order to successfully
accommodate utilities in congested right-of-way conditions, alternative installation methods
are being considered and used. These methods include trenching, joint trench encased
utilities, and utility corridors. TxDOT Report 0-4149-1 (Utility Corridor Structures and
Other Utility Accommodation Alternatives in TXDOT Right-of-Way*’) provides more
detailed information and recommendations on the use of these methods.

Subsurface Utility Engineering

Subsurface Utility Engineering (SUE) is the non-destructive process of accurately locating,
identifying, and mapping underground utilities. SUE is an interdisciplinary service,
involving professional engineers, geologists, and licensed land surveyors. It is a professional
service resulting in signed and sealed deliverables. SUE includes three major activities:
designating, locating, and data management. Additional information on SUE is contained in
the TxDOT Project Development Process Manual® <link>.

The district utility coordinator should be contacted to determine the need for SUE. The
district utility coordinator coordinates the work with the Right-of-Way Division.

Inclusion of Utility Relocation in Construction Contract

Generally the highway right of way should be clear of the need for utility relocation before
construction projects are let, but in some cases it may be determined that utility adjustments
are to be included in the highway construction contract. In the preparation of the PS&E, the
designer must give consideration for who will be responsible for the costs and who will
perform the adjustments. TxDOT’s Utility Manual® provides guidance on the appropriate
manner in which the work can be included in the PS&E.

Potential Impacts on Intersection Design

Any utilities located within intersection ROW may have an impact on the design of that
intersection. Utilities will require manholes, markers, and other appurtenances that may
present challenges to designing the intersection. While TxDOT accommodates utilities
within the ROW so that they do not adversely affect safety, design, construction, operation,
or maintenance,”” designers should be aware of certain features related to utilities that may
impact the intersection. Careful coordination is needed to ensure that utility installations do
not negatively impact pedestrian features such as sidewalk width, curb ramps, and landings.
These specific features are discussed in Chapter 5, Section 8§ of this Guide <link>.
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Section 1
Modes of Travel

Overview

There are many different modes of travel at an intersection including the following:

¢

L4
L4
L4

motorized vehicles,
transit and light rail,
bicycles, and

pedestrians.

Characteristics of each of these users are discussed below.

Motorized Vehicles

The physical characteristics and proportions of vehicles provide key controls in the design of
an intersection. The type of vehicle that influences critical elements of a design is known as
the “design vehicle.” For purposes of geometric design, each design vehicle has larger
physical dimensions and a larger minimum turning radius than most vehicles in its class.

The AASHTO Green Book' has four general classes of design vehicles: passenger cars,
buses, trucks, and recreational vehicles. Dimensions and minimum turning paths templates
for the following design vehicles representing these four general classes are discussed and
included in the Green Book:

¢

® & 6 O O O O O O O o o o

passenger car,

single-unit truck,

intercity bus,

city transit bus,

conventional school bus (65 passengers),
large school bus (84 passengers),
articulated bus,

intermediate semitrailer (WB-40 [WB-12]),
intermediate semitrailer (WB-50 [WB-15]),
interstate semitrailer (WB-65 [WB-20] or WB-67 [WB-20]),
double-bottom-semitrailer/trailer,
triple-semitrailer/trailers,

turnpike double-semitrailer/trailer,

motor home,
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¢ car and camper trailer,

¢ car and boat trailer,

¢ motor home and boat trailer, and
¢

farm tractor.

The Green Book recommends that the design consider the largest design vehicle likely to
use the facility with considerable frequency or a design vehicle with special characteristics
appropriate to a particular intersection in determining the design of such critical features as
corner radii at intersections and median nose location. It also provides the following
advice:

¢ A single-unit truck may be used for intersection design of residential streets and park
roads.

¢ A city transit bus may be used in the design of state highway intersections with city
streets that are designated bus routes and that have relatively few large trucks using
them.

¢ Depending on expected usage, a large school bus (84 passengers) or a conventional
school bus (65 passengers) may be used for the design of intersections of highways with
low-volume county highways and local roads under 400 average daily traffic (ADT).
The school bus may also be appropriate for the design of some subdivision street
intersections.

¢ The WB-65 or 67 [WB-20] truck should generally be the minimum size design vehicle
considered for intersections of two arterials.

The TxDOT Roadway Design Manual® Chapter 7, Section 7 <link> also presents
information on minimum designs for truck and bus turns. It notes that corner radii at
intersections on arterial streets should satisfy the requirements of the drivers using them to
the extent practical and in consideration of the following:

¢ amount of right of way available,

¢ angle of the intersection,

¢ numbers of and space for pedestrians,

¢ width and number of lanes on the intersecting street, and
L4

amounts of speed reductions.

Another consideration in the selection of a corner radii is the trade-off with pedestrian
crossing distance. Large radii can improve vehicle operations; however, pedestrians will
need a longer crossing interval due to additional pavement to cross. Smaller radii can
benefit pedestrians through slower vehicle right-turn speeds and smaller street distance to be
crossed. Guidance on turning radii is provided in Chapter 3, Section 3 <link>.

An operational measure that appears promising is to provide guidance in the form of edge
lines to accommodate the turning paths of passenger cars, while providing sufficient paved
area beyond the edge lines to accommodate the turning path of an occasional large vehicle.
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Transit and Light Rail

Transit vehicles include buses, light rail, and heavy rail. Light and heavy rail operates on a
fixed guideway of two rails. Transit vehicles are typically larger than highway vehicles and
have poorer stopping capabilities. When in a semi-exclusive alignment, they operate in a
separate right of way where road users have limited access and cross at designated locations
only. Mixed-use environments have the transit vehicle operating with other road users and
the roadway is shared by all modes. The transit system must be integrated into the everyday
life of a community to realize its full potential. Consideration should be given to long-term
design and system performance, which can enhance the interaction of transit with
communities. The efficient placement of transit stops near major destinations and within
easy access provides a viable transportation alternative to the automobile by making the
entire transit trip shorter and more pleasant.

Reports or material available on light rail transit (LRT) systems includes:

¢ Transit Cooperative Research Program (TCRP) Report 69, Light Rail Service:
Pedestrian and Vehicular Safety,

¢ TCRP Report 17, Integration of Light Rail Transit into City Streets, * and
¢ TMUTCD Part 10. Traffic Controls for Highway-Light Rail Transit Grade Crossings.’

TCRP Report 69 presents the results of a study to improve the safety of light rail transit in
semi-exclusive rights of way where light rail vehicles (LRVs) operate at speeds greater than
35 mph [56 km/h] through crossings with streets and pedestrians pathways. The report
discusses the effectiveness of presignals and presents recommended guidelines. The
application guidelines focus on six principal areas:

¢ LRT system design,
LRT system operation and maintenance,

L4
¢ traffic signal placement and operation,
¢ automatic gate placement,

¢

pedestrian control (including specific guidelines for selecting among the various
pedestrian control devices), and

¢ public education and enforcement.

TCRP Report 17 addresses the safety and operating experience of LRT systems operating on
shared rights of way at speeds generally under 35 mph [56 km/h]. The principal findings of
the study were:

¢ LRT system design should respect and adapt to the existing urban environment.
¢ LRT system design should comply with motorist and pedestrian expectations.

¢ Decisions by motorists and pedestrians who interact with the LRT should be kept as
simple as possible.

¢ Traffic control devices related to LRT operations should clearly communicate the level
of risk associated with the LRT system.
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¢ LRT system design should provide recovery opportunities for erratic motor vehicle and
pedestrian movements.

Transit stops are typically located at or near intersections to provide greater access to
buildings located along both streets. Transit use is closely connected with the need for
pedestrian access and improvements. How those transit stops function can have a great
impact on the operations of the intersection. The use of transit priority systems, such as
extending the green signal at an intersection when a transit vehicle is near, can also impact
the performance of an intersection.

TCRP Project D-09° is developing a handbook to provide the following:

¢ Comprehensive geometric design guidelines for accommodating transit vehicles and
facilities on highways and streets.

¢ A decision-making process and guidelines for selecting appropriate transit facilities to
accommodate current and future transit demand — based on local conditions — in a
manner that improves transit travel times and reliability. The handbook will include
geometric guidelines associated with transit facilities on or immediately adjacent to
streets and highways. This project will build on and implement recommendations from
NCHRP Project 20-7/Task 135, Interim Geometric Design Guide for Transit Facilities
on Highways and Streets — Phasel.’

Exclusive busways in separate rights of way frequently have at-grade crossings with
roadways or pedestrian and bicycle facilities. Buses are sometimes given preferential
crossing priority, similar to that given for light rail transit. Although individual transit
systems have developed their own design criteria, no generally accepted guidelines exist.
Research will be conducted as part of TCRP Project D-11° to determine what operational
planning and functional design treatments are appropriate to enhance safety and to maximize
throughput of transit passengers for at-grade crossings of exclusive busways. The research
may also contribute to the development of national guidelines on operational planning and
functional design of busways.

Several universal concerns of both users and providers of transit services include the
following:

¢ Transit system performance: Travel time for a transit trip has four components — the
time it takes to walk to the transit stop, the wait time for the transit, the actual in-vehicle
travel time, and the time to walk to the destination. Each is affected by the transit stop
location and the frequency of the transit stops.

¢ Traffic flow: Transit stop location and design affect the flow and movement of other
vehicles. A well-designed transit stop can allow passengers to board and alight without
significantly impeding or delaying adjacent traffic and without blocking the sidewalk.

¢ Safety: In the transit environment, safety includes an individual’s relationship to the
transit vehicle and the relationship between the transit vehicle and general traffic.
Pedestrian safety issues include the nearness of a bench to the flow of traffic on a busy
street or safely crossing the street to reach the transit stop. Safe transit reentry into the
flow of traffic is an example of an operational safety concern. Thus, pedestrians,
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passengers, transit vehicles, and private vehicles can all be involved in concerns for
safety at or near a transit stop.

¢ Security: Security refers to an individual’s feeling of well being. Security is affected by
the amount of lighting at the transit stop, and the visibility of the transit stop from the
street and from nearby land uses. The amount of real or perceived locations with hiding
places at or near the transit stop also influences an individual’s feeling of how secure
the facility is.

Bicycles
Roadway improvements can considerably enhance the safety of a street or highway for
bicycle traffic. The Green Book' lists the following low to moderate cost improvements:
¢ paved shoulders;
¢ wider outside traffic lanes, if no shoulder exists;
¢ bicycle-safe drainage grates;
¢ adjusting manhole covers to the grade; and
¢ maintaining a smooth, clean riding surface.
For guidance on bicycle dimensions and operating characteristics and acceptable turning

radii, grades, and sight distance, see Chapter 4, Section 6 of the Guide <link>. Other
documents that provide information include:

¢ AASHTO Guide for the Development of Bicycle Facilities, ’

¢ Federal Highway Administration (FHWA) report Selecting Roadway Design
Treatments to Accommodate Bicycles, '° and

¢ Institute of Transportation Engineers (ITE) report Innovative Bicycle Treatments.™

Pedestrians

The current designs for streets and highways provide an efficient network for moving motor
vehicles; however, much of the system does little to accommodate pedestrians. AASHTO’s
Green Book,' however, states:

“Because of the demands of vehicular traffic in congested urban areas, it is often
extremely difficult to make adequate provisions for pedestrians. Yet this must be
done, because pedestrians are the lifeblood of our urban areas, especially in the
downtown and retail areas.'”

AASHTO published a guide for the development of pedestrian facilities in 2004 entitled the
Guide for the Planning, Design, and Operation of Pedestrian Facilities.'” The guide
identifies pedestrian design measures that are appropriate for streets and highways. Other
documents that can provide information on pedestrians include the following:

¢ Americans with Disabilities Act Accessibility Guidelines (ADAAG);"
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¢

Texas Department of Licensing and Regulation’s Architectural Barriers Texas
Accessibility Standards;"

an FHWA report, Designing Sidewalks and Trails for Access: Part 2;"

U.S. Access Board’s Draft Guidelines for Accessible Public Rights of Way'® and other
technical assistance materials available at www.access-board.gov;

Pedestrian and Bicycle Information Center (PBIC) Web site'’ <link>. The PBIC is a
clearinghouse for information about health and safety, engineering, advocacy,
education, enforcement, and access and mobility. The PBIC serves anyone interested in
pedestrian and bicycle issues, including planners, engineers, private citizens, advocates,
educators, police enforcement, and the health community.

an FHWA report, Pedestrian Facilities User Guide — Providing Safety and Mobility'®
that contains information regarding how to create walking environments, the main
causes of pedestrian crashes and ways to counter them, and engineering improvements
that can be made to improve the quality of life for all citizens; and

an ITE report, Alternative Treatments for At-Grade Pedestrian Crossings."’
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Section 2
Users

Overview

The ability of the public to safely and efficiently use an intersection reflects on the
suitability of a design. A design that is incompatible with the capabilities of the public
increases the chance for errors, crashes, or inefficient operations.

Driving Task

The driving task depends upon drivers receiving and using information correctly. The
information received by drivers as they travel is compared with the information they already
possess. Decisions are then made based on the information available. Driving tasks when
grouped by performance are in three levels:

¢ control,
¢ guidance, and

¢ navigation.

Figure 2-1 shows the levels of the driving task.

GUIDANCE

CONTROL

Figure 2-1. Levels of the Driving Task.

Simple steering and speed control are examples of control and are considered to be at the
lowest complexity end of the scale. Guidance tasks are at the midlevel of the scale and
include road-following and safe path maintenance in response to road and traffic conditions.
At the other end of the scale are navigation activities such as trip planning and route
following.
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Many driver errors occur because:
¢ Drivers may not always recognize what particular responses are required of them.
¢ Situations may lead to task overload or inattentiveness.

¢ Deficient or inconsistent designs or information displays may cause confusion.

Driver errors may also result from pressures of time, complexity of decisions, or information
overload. Control and guidance errors by drivers may also contribute directly to crashes. In
addition, navigational errors resulting in delay contribute to inefficient operations and may
lead indirectly to crashes.

Additional information on the driving task is contained in the Green Book' which drew
heavily from two documents: A User’s Guide to Positive Guidance™ and “Human Factors
and Safety Research Related to Highway Design and Operations.””!

Older Drivers

Older drivers are a significant and rapidly growing segment of the highway user population
with a variety of age-related diminished capabilities. The 65 and older group accounted for
15 percent of the driving population in 1986 and is expected to increase to 22 percent by the
year 2030. Older drivers have special needs that should be considered in highway design
and traffic control. For example, for every decade after age 25, drivers need twice the
brightness at night to receive visual information. Hence, by age 75, some drivers may need
32 times the brightness they did at age 25.

Some of the more important observations from recent research studies concerning older
drivers are summarized below from information provided in the Green Book.'

Characteristics of the Older Driver. In comparison to younger drivers, older drivers often
have deteriorated driving skills that are caused by:

¢ slower information processing;

slower reaction times;

slower decision-making;

visual deterioration;

hearing deterioration;

decline in ability to judge time, speed, and distance;

limited depth perception; and

® & & O o oo o

limited physical mobility.

The Highway Design Handbook for Older Drivers and Pedestrians™ provides
recommendations to enhance the performance of diminished-capacity drivers as they
approach and travel through intersections. Comparisons of responses from drivers ages

66 to 68 versus those age 77 and older showed that the older group had more difficulty
following pavement markings, finding the beginning of the left-turn lane, and driving across
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intersections. Similarly, the level of difficulty for reading street signs and making left turns
at intersections increased with increasing senior driver age. Turning left at intersections was
perceived as a complex driving task. This was made more difficult when raised
channelization providing visual cues was absent, and only pavement markings designated
which were through lanes versus turning lanes ahead. For the oldest age group, pavement
markings at intersections were the most important item, followed by the number of left-turn
lanes, concrete guides, and intersection lighting. A study of older road users completed in
1996 provides evidence that the single most challenging aspect of intersection negotiation
for this group is performing left turns during the permitted (green ball) signal phase.

Additional insight into the problems older drivers experience at intersections was provided
by focus group responses from 81 older drivers in a 1977 study.”® The most commonly
reported problems are listed below:

¢ difficulty in turning more than 90 degrees to view intersecting traffic;

¢ difficulty in smoothly performing turning movements at tight corners;

¢ hitting raised concrete barriers such as channelizing islands in the rain and at night due
to poor visibility;

¢ finding oneself positioned in the wrong lane—especially a “turn only” lane—during an
intersection approach due to poor visibility (maintenance) of pavement markings or the
obstruction of roadside signs designed to inform drivers of intersection traffic patterns;

¢ difficulty at the end of an auxiliary (right)-turn lane in seeing potential conflicts well
and quickly enough to smoothly merge with adjacent-lane traffic; and

¢ merging with adjacent-lane traffic after crossing an intersection, when a lane drop
occurs near the intersection (e.g., when two lanes merge into one lane within 500 ft
[152 m] after crossing the intersection).

Although these problems are by no means unique to older drivers, the various functional
deficits associated with aging result in exaggerated levels of difficulty for this user group.

Specific Recommendations for Intersections. Research findings show that enhancements to
the highway system to improve its usability for older drivers and pedestrians can also
improve the system for all users. A Federal Highway Administration report, entitled
Guidelines and Recommendations to Accommodate Older Drivers and Pedestrians,*
provides information on how geometric design elements and traffic control devices can be
modified to better meet the needs and capabilities of older road users. Recommendations for
intersections are included for the following design elements:

¢ intersecting angle (skew);
receiving lane (throat) width for turning operations;
channelization;

¢

¢

¢ intersection sight distance requirements;

¢ offset (single) left-turn lane geometry, signing, and delineation;
L4

treatments/delineation of edgelines, curbs, medians, and obstacles;
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curb radii;

traffic control for left-turn movements at signalized intersections;

traffic control for right-turn-on-red (RTOR) movements at signalized intersections.
street name signing;

one-way/wrong-way signing;

stop- and yield-controlled intersection signing;

devices for lane assignment on intersection approach;

traffic signals;

fixed lighting installations;

pedestrian crossing design, operations, and control; and

® & 6 O O o O O O o o

roundabouts.

Pedestrian

The decision to walk usually takes into account the following:
¢ the availability of an alternate mode,

¢ the distance of the trip,

¢ perceived safety of the route, and

L4

the comfort and convenience of walking versus an alternative mode.

Distance is a factor in the initial decision to walk although some people have no other
choice. The majority of pedestrian trips are 0.5 mi [0.8 km] or less,” with 1 mi [1.6 km]
generally being the limit that most people are willing to travel on foot. Impacts on the
perceived and actual safety of the pedestrian users include sidewalks that are too narrow or
adjacent to moving lanes of traffic, pedestrian crossings that are intimidating because of
confusing signal indications, excessive crossing distances, or fast-turning vehicles. The
immediate physical environment impacts comfort and convenience of walking. For
example, are there shade trees; do the street and adjacent buildings, landscape, or public art
provide a pleasant visual environment; is lighting adequate; and are there places to sit and
rest?

Pedestrians have a wide range of needs and abilities. Following are characteristics of
pedestrians:

¢ The TMUTCD?’ includes a speed of 4 ft/sec [1.2 m/sec] for calculating pedestrian
clearance intervals for traffic signals. It also includes a comment that where pedestrians
who walk slower than normal or who use wheelchairs routinely use the crosswalk, a
walking speed of less than 4 ft/sec [1.2 m/sec] should be considered in determining the
pedestrian clearance times. Children, older pedestrians, and persons with disabilities
may travel at slower speeds. Walking speeds as low as 2.5 ft/sec [0.8 m/sec] have been
recommended for some user groups.

Urban Intersection Design Guide 2-12 TxDOT 7/7/2005



Chapter 2 — Design Control and Criteria

Section 2 — Users

¢ Two people walking side-by-side or passing one another generally require 4.7 ft [1.4 m]
of space. Two people in wheelchairs need a minimum of 5 ft [1.5 m] to pass one

another.

¢ The 2001 Nationwide Household Travel Survey found trips to be distributed as:
8.6 percent walking, 86.6 percent private vehicles, 1.5 percent transit, 1.7 percent
school bus, and 1.7 percent other.*

¢ A 1995 survey” determined trips by trip purposes (see Table 2-1). For the four
categories used, most trips either as a pedestrian or for all modes combined were for
personal/family business (43 percent and 46 percent, respectively). Only 7 percent of
the walking trips were for earning a living, while 20 percent of the trips for all modes
combined were for earning a living.

Table 2-1. 1995 Survey Results.”

Reason Walking Trips (%) All modes (%)
Personal/family business 43 46
Social recreational 34 25
School/church/civic 14 9
Earning a living 7 20

Disabled Users

The Americans with Disabilities Act (ADA)*’ defines a disability as “a physical or mental
impairment that substantially limits one or more of the major life activities of an individual.”
Impairment includes any mental disorders or physiological conditions that interfere with
daily life functions. In 2000, persons with disabilities comprised 17.3 percent of the Texas
population five years of age and older, mirroring the 17.7 percent of U.S. population with
disabilities.”®

In August to November 1997 the Survey of Income and Program Participation (SIPP) was
administered to gather information about the number and characteristics of individuals with
disabilities in the United States. Table 2-2 lists the number and percent of individuals with
specified characteristics. In 1997, 52.6 million people (19.7 percent) had some level of
disability, and 33.0 million people (12.3 percent of the population) had a severe disability.
The U.S. Census Bureau defines severe disability in its 2000 population report as the need
for mobility assistance; Alzheimer’s disease, mental retardation, or other developmental
disability; or any mental or emotional condition which seriously interferes with or prevents
independently conducting everyday activities.” Of the population aged 15 years and older,
2.2 million (1 percent of the population) used a wheelchair. Another 6.4 million

(3.1 percent) used some other ambulatory aid such as a cane, crutches, or a walker, while
9.4 million (4.5 percent) were either blind or visually impaired.”” The likelihood of having a
disability increases with age as shown in Figure 2-2.

The 2000 Census counted 49.7 million people with some type of long lasting condition or
disability.”” They represented 19.3 percent of the 257.2 million people who were aged 5 and
older in the civilian non-institutionalized population — or nearly one person in five.

Table 2-3 presents the findings by type of disability.
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Table 2-2. Selected Disability Measures in the United States: 1997.%°

Categories Number with Percent with
Specified Specified
Characteristics Characteristics
(in Thousands)
All Ages 267,665 100.0
With a disability® 52,596 19.7
Severe disability” 32,970 12.3
Needed personal assistance with an ADL® or IADL® 10,076 3.8
Age 15 years and over 208,059 100.0
Used a wheelchair 2155 1.0
Used a cane, crutches, or walker (not a wheelchair) 6372 3.1
Had difficulty seeing 7673 3.7
Unable to see 1768 0.8
Had difficulty hearing 7966 3.8
Unable to hear 832 0.4

interfere with daily life functions.”

independently conducting everyday activities.

Source: U.S. Census Bureau, 1996 Survey of Income and Program Participation: August-November 1997

a. Disability is defined as “a physical or mental impairment that substantially limits one or more of the major
life activities of an individual. Impairment includes any mental disorders or physiological conditions that

b. Severe disability is the need for mobility assistance; Alzheimer’s disease, mental retardation, or other
developmental disability; or any mental or emotional condition which seriously interferes with or prevents

c. ADL is having difficulty with activities of daily living such as bathing, dressing, or eating.

d. IADL is defined as having difficulty with instrumental activities of daily living such as going outside the
home, keeping track of money and bills, and preparing meals.

Under 15 Years

15to 24

2510 44

45 to 54

Age

551to 64

65 to 69

751t0 79 Years

H Any Disability

O Severe Disability
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700 74 . 46.6
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Figure 2-2. 1997 United States Disability Prevalence by Age (Percent with Specified Level

of Disability).?*

Urban Intersection Design Guide 2-14

TxDOT 7/7/2005




Chapter 2 — Design Control and Criteria

Section 2 — Users

Table 2-3. Characteristics of the Civilian Non-Institutionalized Population by Age, Disability Status,

and Type of Disability: 2000.*

Characteristic Total
Number Percent
Population 5 and older 257,167,527 100.0
With any disability 49,746,248 19.3
Population 5 to 15 45,133,667 100.0
With any disability 2,614,919 5.8
Sensory 442,894 1.0
Physical 455,461 1.0
Mental 2,078,502 4.6
Self-care 419,018 0.9
Population 16 to 64 178,687,234 100.0
With any disability 33,153,211 18.6
Sensory 4,123,902 2.3
Physical 11,150,365 6.2
Mental 6,764,439 3.8
Self-care 3,149,875 1.8
Difficulty going outside the home 11,414,508 6.4
Employment disability 21,287,570 11.9
Population 65 and older 33,346,626 100.0
With any disability 13,978,118 41.9
Sensory 4,738,479 14.2
Physical 9,545,680 28.6
Mental 3,592,912 10.8
Self-care 3,183,840 9.5
Difficulty going outside the home 6,795,517 20.4
Source: U.S. Census Bureau, Census 2000 Summary File 3.

Bicyclist Characteristics

AASHTO’s Guide for the Development of Bicycle Facilities’ provides information on
bicycle facilities and characteristics. Bicyclists have the same mobility needs as other users
of the transportation system and use the highway system to access jobs, services, and
recreational activities. Planning for existing and potential bicycle use should be integrated
into the overall transportation planning process.

As Figure 2-3 shows, bicyclists require at least 40 inches [1 m] of essential operating space
based solely on their profile. An operating space of 4 ft [1.2 m] is assumed as the minimum
width for any facility designed for exclusive or preferential use by bicyclists. Where motor
vehicle traffic volumes, motor vehicle or bicyclist speed, and the mix of truck and bus traffic
increase, a more comfortable operating space of 5 ft [1.5 m] or more is desirable.
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Figure 2-3. Bicyclist Operating Space (Based on Data in the AASHTO Guide for the
Development of Bicycle Facilities®).

Although their physical dimensions may be relatively consistent, the skills, confidence, and
preferences of bicyclists vary dramatically. Some riders are confident riding anywhere they
are legally allowed to operate and can negotiate busy and high-speed roads that have few, if
any, special accommodations for bicyclists. Most adult riders are less confident and prefer to
use roadways with a more comfortable amount of operating space, perhaps with designated
space for bicyclists, or shared use paths that are away from motor vehicle traffic. Children
may be confident riders and have excellent bicycle handling skills, but have yet to develop
the traffic sense and experience of an everyday adult rider. All categories of rider require
smooth riding surfaces with bicycle-compatible highway appurtenances, such as bicycle-
safe drainage inlet grates.
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Section 3
Intersection Characteristics

Traffic

Information on traffic characteristics is important in selecting the appropriate geometric

features of a roadway. Necessary traffic data are discussed in the Roadway Design Manual®
<link> and include the following:

¢ traffic volume,
¢ traffic speed, and

¢ type and percentage of trucks or large vehicles.

Community

Many planners are taking an approach that considers a broader range of community values
beyond the accommodation of traffic. Once the community has determined what type of
facility meets community goals, the designer can ensure their design meets those needs.

Capacity

Capacity analysis is a set of procedures for estimating the traffic-carrying ability of facilities
over a range of defined operational conditions. It provides tools to assess facilities and to
plan and design improved facilities. The capacity of a facility is the maximum hourly rate at
which persons or vehicles reasonably can be expected to traverse a point or a uniform
section of a lane or roadway during a given time period under prevailing roadway, traffic,
and control conditions. Level of service (LOS) is a quality measure describing operational
conditions within a traffic stream, generally in terms of such service measures as speed and
travel time, freedom to maneuver, traffic interruptions, and comfort and convenience. To
determine the capacity or level of service for an intersection, the designer should refer to the
most recent edition of the Highway Capacity Manual (HCM)' for guidance.

Access Management

Access management is a set of tools used to balance the needs of mobility on a roadway
with the needs of access to adjacent land uses. Access management includes not only the
physical treatments on the ground, but the guidance to implement an access management
program as well. A successful access management program will provide several types of
benefits to the traveling public and the community in general. The benefits will be to:

¢ Provide a safer roadway network.
¢ Improve mobility on the road.

¢ Protect the infrastructure investment.
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More information on access management can be obtained from the following sources:
¢ TxDOT Design Division,
¢ Transportation Research Board (TRB) Access Management Manual,** and

¢ TxDOT Access Management Manual.*”

Aesthetics

Aesthetics is most often associated with a sense of beauty. With respect to the practice of
transportation design, the TxDOT Landscape and Aesthetics Design Manual®* states that
aesthetics may be defined as dealing with the visual integration of highways and other
transportation modes into the fabric of a landscape in a way that blends with or complements
that setting. The manual also states:

“...The aesthetic properties of a transportation facility have purpose beyond simply
creating a pleasant view. Aesthetics is intertwined with the function of the facility.
An aesthetically pleasing highway or other transport mode is one that provides its
users with a clear picture of what is going on around them and what is expected of
them. This is accomplished by using techniques and materials to provide better
definition of the elements of the facility, to visually highlight important
information, and to reduce the stress on users that results from operating a vehicle
in a complex environment.”

This online manual provides guidance in the selection of landscape and aesthetic design
criteria for highway and street project development.**

ADA Guidelines/TAS

To ensure that buildings and facilities are accessible to and usable by people with
disabilities, the Americans with Disabilities Act establishes accessibility requirements for
state and local government facilities, places of public accommodation, and commercial
facilities. Under the ADA, the Access Board has developed and continues to maintain
design guidelines for accessible buildings and facilities known as the ADA Accessibility
Guidelines. The ADAAG covers a wide variety of facilities and establishes minimum
requirements for new construction and alterations. The ADAAG and other technical
assistance materials are available at www.access-board.gov.

The TAS are similar to, but sometimes more restrictive, than the ADAAG. Refer to
www.license.state.tx.us/ab/abtas.htm or contact the Design Division for more information.
As part of complying with Texas requirements, the proposed plans must be submitted to the
Texas Department of Licensing and Regulation (TDLR) for projects where the estimated
cost of pedestrian elements is over $50,000. Failure to submit the plans can result in a
disciplinary action by the appropriate professional licensing board.

The Access Board is undertaking rulemaking to supplement the ADA Accessibility
Guidelines, which primarily cover facilities on sites, by adding new provisions specific to
public rights of way. The ADA requires that access for persons with disabilities is provided
wherever a pedestrian way is newly built or altered, and that the same degree of
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convenience, connection, and safety afforded the public is available to pedestrians with
disabilities. The ADA applies where a pedestrian route or facility is altered as part of a
planned project to improve existing public rights of way.

Building a True Community Report. The Board chartered an advisory committee in 1999
to develop recommendations on guidelines for accessible public rights of way. The
committee included many industry representatives and its work resulted in the January 2001
report Building a True Community. ** This document provides recommendations to the
Access Board for guidelines covering construction or alteration of public rights of way. The
report includes advisory notes, figures, and discussion of issues that merit further study or
special attention in the Board’s rulemaking. It covers the following components of public
streets and sidewalks:

sidewalks,

curb ramps and landings,

street crossings,

pedestrian signals and walk phasing,
street fixtures and furnishings,
vehicular ways,

parking, and

® & & & o o o o

other components of public rights of way.

Draft Guidelines. The Access Board reviewed the committee’s report in depth and wrote a
set of draft guidelines based on the committee’s recommendations. The draft guidelines
departed from the advisory committee’s report in several areas®® so an advance draft of the
guidelines was released for comment on June 17, 2002. After reviewing comments from the
public, industry groups, state and local governments, and advisory committee members, the
Board will develop a proposed rule to add requirements for public rights of way projects to
the ADAAG. The ADA has required accessible construction since 1991. The new
guidelines will make it easier for engineers to comply with the requirements on public
right-of-way projects.
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Section 4
Safety

Overview

The Green Book notes that crashes seldom result from a single cause — usually several
influences affect the situation at any given time. These influences can be separated into
three groups:

¢ the human element,
¢ the vehicle element, and

¢ the highway element.

Roadways and intersections should be designed to minimize decisions and to reduce
unexpected situations for all modes. The number of crashes increases with an increase in
the number of decisions required of the driver. Uniformity of roadway design features and
traffic control devices plays an important role in reducing the number of required decisions.
Uniformity helps all users become aware of what to expect at certain types of intersections.

Intersection Crash Statistics

In the year 2000, more than 2.8 million intersection-related crashes occurred in the United
States, representing 44 percent of all reported crashes.”® Other national statistics include the
following:

¢ About 8500 fatalities (23 percent of the total fatalities) and almost one million injury
crashes occurred at or within an intersection. Of the fatal crashes at intersections,
47 percent involve left turns (or U-turns), 2 percent involve right turns, and 51 percent
involve no turning maneuver.

¢ Atintersections 8 percent of the crashes involve alcohol.

Table 2-4 lists a comparison of the Texas intersection crashes with the values published by
the National Highway Traffic Safety Administration (NHTSA). A notable difference
between the Texas and NHTSA values is the percent of injury crashes. Texas is much
higher (65 percent) than the national value of 32 percent. Correspondingly, the property-
damage-only (PDO) crashes represent a much smaller percent of all crashes in Texas as
compared to the national data. Presumably this difference is a reflection of the thresholds
used in Texas for reporting crashes.

For Texas, approximately 55 percent of crashes are at or related to an intersection or
driveway (see Table 2-5). Nationally, 44 percent of crashes occur at intersections or are
intersection related. A slightly higher percentage of fatal crashes are occurring at Texas
intersections and driveways (26 percent) as compared to the national data (23 percent).

Of on-system urban crashes in the year 2000, 26 percent occurred at intersections and
20 percent were intersection related. A crash in an urban area is more likely to be at or
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related to an intersection or driveway than a crash in a rural area. Only 51 percent of the
urban crashes were at or near an intersection as compared to 37 percent for rural crashes.

Table 2-4. Intersection Safety Comparison.

2000 NHTSA? 2000 TEXAS® 2000 TEXAS®
URBAN
Freq % Freq % Freq %
ALL CRASHES
Fatality Crashes 37,409 0.6 3247 1.0 1405 0.6
Injury Crashes 2,070,000 324 205,569° 64.5 160,584° | 66.9
PDO Crashes 4,286,000 67.0 110,174 34.5 78,163 | 32.5
All Crashes 6,394,000 |100.0 318,990 |100.0 240,152 |100.0
INTERSECTION AND INTERSECTION-RELATED CRASHES
Fatality Crashes 8474 22.6 844 26.0 464 | 33.0
Injury Crashes 995,000 48.1 120,477° 58.6 101,880° | 63.4
PDO Crashes 1,804,000 42.1 53,928 48.9 42,946 | 549
All Crashes 2,807,000 43.9 175,249 54.9 145,290 | 60.5

“Includes class A, B, and C injury categories

? Data from 2000 Motor Vehicle Crash Data from Fatality Analysis Reporting System (FARS)*’
® Data reflect statewide crashes (both on and off system) for 2000

d Data reflect statewide crashes for intersection codes of: intersection, intersection related, and driveways

Table 2-5. Distribution of 2000 On-System Texas Urban Crashes by Relationship to Intersections.

Intersection Urban Rural Total
Frequency | Percent | Frequency | Percent | Frequency | Percent
Intersection 31,592 26 9085 17 40,677 23
Intersection-Related 23,429 20 5970 11 29,399 17
Driveway Access 10,062 8 5183 9 15,245 9
Non-Intersection 54,500 46 34,654 63 89,154 51
Total 119,583 100 54,892 100 174,475 100

Older Driver Crashes

The U.S. Census Bureau™ projects that by 2030, one in five Americans will be aged
65 years and over. Automobile fatalities are expected to increase 45 percent for drivers over

age 75, and pedestrian fatalities are also expected to increase as the population ages.

39

The single greatest concern in accommodating older road users, both drivers and
pedestrians, is the ability of these persons to safely maneuver through intersections. The
findings of one widely cited analysis of nationwide crash data reveal the percent of injuries
and fatalities at intersections in the United States. For drivers 65 years and older, 37 percent
of fatal crashes occur at intersections, compared with 16 percent or less for drivers up to 65
years of age.*® Figure 2-4 illustrates the findings for Texas during the period 1998 to 2000
as a function of age and road user type (driver or pedestrian). The Texas data revealed
trends similar to the earlier national study. A disproportionate number of fatalities for older
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drivers are associated with intersections. In Texas, 41 percent of the older driver fatalities
are associated with intersections as compared to only 19 percent of drivers age 26 to 64.
Both findings reinforce a long-standing recognition that driving situations involving
complex speed-distance judgments under time constraints—the typical scenario for
intersection operations—are more problematic for older drivers than for their younger
counterparts.
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Figure 2-4. Percentage of Injuries and Fatalities at Intersections or Intersection Related for
Drivers and Pedestrians (1998-2000 Texas Urban Data).

Crash Frequency. Older drivers are involved in a disproportionate number of crashes
where there is a higher-than-average demand imposed on driving skills. The driving
maneuvers that most often precipitate higher crash frequencies among older drivers include:

making left turns across traffic,

merging with high-speed traffic,

changing lanes on congested streets in order to make a turn,
crossing a high-volume intersection,

stopping quickly for queued traffic, and

*® & & o o o

parking.
Countermeasures. The following countermeasures may help to alleviate the potential
problems of the older driver and may improve overall driver behavior:

¢ Improve sight distance by modifying designs and removing obstructions, particularly at
intersections and interchanges.

¢ Assess sight triangles for adequacy of sight distance.
¢ Provide decision sight distances as appropriate.

¢ Simplify and redesign intersections and interchanges that require multiple information
reception and processing.
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Increase use of protected left-turn signal phases.

Increase vehicular clearance times at signalized intersections.
Use offset left-turn lanes.

Provide wider and brighter pavement markings.

Provide larger and brighter signs.

Reduce sign clutter.

Provide more redundant information such as advance guide signs for street name,
indications of upcoming turn lanes, and right-angle arrows ahead of an intersection
where route turns or where directional information is needed.

Before implementing a countermeasure, the impact on all modes of travel should be
considered.

Pedestrian Crashes

The Roadway Safety Foundation predicts that pedestrian fatalities will increase as the
population ages.” Older pedestrians are more likely to have some vision loss and also may
have mobility impairments that cause them to need more time to cross the street.
Characteristics of national pedestrian crashes include:

¢

Based on an analysis of more than 8000 crashes, from six states, the most frequent crash
40
types are:

e dart-out first half (i.e., the pedestrian is struck in the first half of the street being
crossed) (24 percent),

e intersection dash (13 percent),
e dart-out second half (10 percent),
e midblock dart (8 percent), and

e turning-vehicle crashes (5 percent).

A 1999 report stated that individuals at both extremes of age were more likely to be
victims of pedestrian accidents.*'

Pedestrians between the ages of 25 and 44 have been found to be involved in a higher
rate of alcohol-related incidents.*?

Speeding is another major contributing factor in pedestrian crashes, being a factor in
29 percent of all fatal crashes involving pedestrians in 2000.*’

Pedestrian crashes are most likely to occur during daytime traffic peaks, but fatal
crashes are more likely to occur between 5 pm and 11 pm. Elderly pedestrians
however, are more likely to become involved in daytime incidents.*

The majority of pedestrian fatalities occurred in urban areas (69 percent).**

A 1992 analysis included an examination of pedestrian crashes and the collision types
for older pedestrians. The results showed older pedestrians to be overrepresented in
both right- and left-turn accidents. The young-elderly (ages 65 to 74) were most likely
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to be struck by a vehicle turning right, whereas the old-elderly (age 75 and older) were
more likely to be struck by a left-turning vehicle.”

Roadway/environmental factors were identified in one-fourth of the pedestrian crashes.
The most common factor cited was blocked vision, most often the result of bushes,
trees, or other vegetation growing near the edge of the roadway or driveway."

Bicyclist Crashes

Characteristics of national bicyclist crashes available from a 1996 report that evaluated 3000
bicycle-motor vehicle crashes from six states include the following:*

¢

Bicycle-motor vehicle crashes were distributed as:

e parallel paths (36 percent),

e crossing path (57 percent), and

e specific circumstances (6 percent);

Most frequent parallel path crashes were:

e motorists turn/merge into bicyclist’s path (34 percent),
e motorist over-taking (24 percent), and

e bicyclists turn/merge into motorist’s path (21 percent);
Most frequent crossing path crashes were:

e motorist failed to yield (38 percent),

e Dbicyclist failed to yield at an intersection (29 percent), and

e Dbicyclist failed to yield midblock (21 percent).

Texas Pedestrian and Bicyclist Crashes

Characteristics of Texas pedestrian and bicyclist (called pedal cyclist in the Texas crash
database) crashes occurring between 1998 and 2000 include:

¢

Although pedestrian crashes account for only 2 percent of Texas crashes and pedal
cyclists account for 1 percent (see Table 2-6), their severity is much greater compared
to other collisions. In Texas, 7 percent of the pedestrian crashes end in death as
compared to 1 percent for all urban crashes (see Figure 2-5). The remaining 93 percent
of pedestrian crashes end in some form of injury. For bicyclists, 99 percent of the
crashes end in injury or fatality.

For pedestrian crashes, 61 percent were non-intersection related. The intersection or
driveway crashes were 10 percent at an intersection, 22 percent intersection related, and
7 percent driveway access. While most of the pedestrian crashes are non-intersection,
most of the cyclist crashes are at or near an intersection or driveway. Only 29 percent
of the bicyclist crashes were non-intersection.

Urban Intersection Design Guide 2-25 TxDOT 7/7/2005



Chapter 2 — Design Control and Criteria

Section 4 — Safety

Table 2-6. Distributions of 1998 — 2000 Texas Urban On-System and Off-— System Crashes by First
Harmful Event.

Collision With On System Off System All Urban
Frequency | Percent | Frequency | Percent | Frequency | Percent
Animal 718 0 288 0 1006 0
Another Vehicle In 288,027 81 264,879 75 552,906 78
Transport
Fixed Object 49,897 14 50,176 14 100,073 14
Other Non-Collision 1660 0 1370 0 3030 0
Other Object 1361 0 759 0 2120 0
Overturned 8676 2 4850 1 13,526 2
Parked Car 2702 1 14,648 4 17,350 2
Pedal Cyclist 1356 0 5015 1 6371 1
Pedestrian 3007 1 9033 3 12,040 2
RR Train 69 0 302 0 371 0
50
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Figure 2-5. Pedestrian and Bicyclist Accident Severity (Texas Urban On- and Off-System
Roadways 1998-2000).

¢ Most crashes and most pedestrian and bicyclist crashes occur between the hours of
3:00 pm and 7:00 pm. Another peak occurs in the morning between 7:00 am and
8:00 am (see Figure 2-6).

¢ The highest percent of pedestrian crashes occur on a Friday (18 percent), while Sunday
is the least likely day for a pedestrian crash (11 percent). The other days of the week
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had: Monday (14 percent), Tuesday (14 percent), Wednesday (14 percent), Thursday
(15 percent), and Saturday (14 percent). Bicyclists followed a similar pattern with most
crashes on Friday (16 percent) and least on Sunday (11 percent).

¢ The highest percent of pedestrian crashes occurs in October and April (see Figure 2-7).
For pedal cyclists, the highest percent occurs in April and May followed by June, July,
August, and September. Months with the lowest bicyclist crashes are November,
December, and January.

¢  Other characteristics of pedestrian (and bicyclist) crashes in Texas are: 62 percent
(77 percent) occurred in the daylight, 94 percent (97 percent) occurred in clear weather,
91 percent (95 percent) occurred on dry surfaces, and 98 percent (99 percent) involved
one vehicle.
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Figure 2-6. Pedestrian and Bicyclist Crashes versus All Crashes (1998-2000 Texas Urban
On- and Off-System Roadways by Time of Day).
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Figure 2-7. Pedestrian and Bicyclist Crashes versus All Crashes (1998-2000 Texas Urban
On- and Off-System Roadways by Month).

AASHTO Strategic Highway Safety Plan

In 1998, AASHTO approved its Strategic Highway Safety Plan, which was developed by the
AASHTO Standing Committee for Highway Traffic Safety with the assistance of the
Federal Highway Administration, the National Highway Traffic Safety Administration, and
the Transportation Research Board Committee on Transportation Safety Management. The
plan includes strategies in 22 key emphasis areas that affect highway safety. The goal is to
reduce the annual number of highway deaths by 5000 to 7000. NCHRP Project 17-18(3) is
developing a series of guides to assist state and local agencies in reducing injuries and
fatalities in targeted areas. The guides correspond to the emphasis areas outlined in the
AASHTO Strategic Highway Safety Plan. Each guide includes a brief introduction, a
general description of the problem, the strategies/countermeasures to address the problem,
and a model implementation process. The fifth volume of the NCHRP Report 500,
Guidance for Implementation of the AASHTO Strategic Highway Safety Plan, Volume 5: A
Guide for Addressing Unsignalized Intersection Collisions* provides strategies that can be
employed to reduce the number of unsignalized intersection collisions. An expanded
version of each volume, with additional reference material and links to other information
sources, is available on the AASHTO Web site at http://transportation+1.org/safetyplan.
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Section 1
Intersection Sight Distance

Overview

The provision of appropriate intersection sight distance (ISD) reduces the potential for
conflicts at intersections.

General Considerations

As a motorist approaches an intersection, the right of way is established by the traffic
control devices or by state traffic laws. The Texas Drivers Handbook' should be consulted
for motorist responsibilities at intersections without traffic control devices.

The operator of a vehicle approaching an intersection should have an unobstructed view of
the entire intersection and an adequate view of the intersecting highway to permit control of
the vehicle to avoid a collision. When designing an intersection, the following factors should
be considered:”

¢ Adequate sight distance should be provided along both highway approaches to allow
drivers and other road users to anticipate and avoid potential collisions.

¢ Gradients of intersecting roadways should be as flat as practical on sections that are to
be used for storage of stopped vehicles.

¢ Combination of vertical and horizontal curvature should allow adequate sight distance
of the intersection.

¢ Traffic lanes should be clearly visible at all times.

¢ Lane and crosswalk markings and signs should be clearly visible and understandable
from a desired distance.

¢ Intersections should be evaluated for the effects of barriers, rails, retaining walls,
landscaping, curbside parking, and other vertical elements on sight distance.

Sight distance is also provided at intersections to allow the drivers of stopped vehicles a
sufficient view of the intersecting highway. If the available sight distance of an entering or
crossing vehicle is at least equal to the appropriate stopping sight distance for the major
road, then drivers have sufficient sight distance to anticipate and avoid collisions. To
enhance traffic operations, intersection sight distances that exceed stopping sight distances
are desirable along the major road.

Sight Triangles

Clear sight triangles are those areas along the intersection approach legs that should be clear
of obstructions that can block road user’s view of traffic on the opposing roadway. The
dimensions of the triangle are based on the design speed of the intersection roadways and
the type of traffic control used at the intersection, grades on the roadways, and the roadway
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width. Two types of clear sight triangles are used at each intersection: approach sight
triangles and departure sight triangles. Approach sight triangles are applicable for when the
minor road driver is in motion while departure sight triangles apply when the minor road
vehicle is accelerating from a stop position.

Approach Sight Triangles. Approach sight triangles are those visually clear areas on either
side of an approach to an intersection that allow drivers approaching an intersection enough
time to slow or stop to avoid vehicles approaching on the crossing roadway. Figure 3-1A
shows typical clear sight triangles to the left and to the right for a vehicle approaching an
uncontrolled or yield-controlled intersection. The dimension “a” represents the sight
distance along the minor road while “b” represents the sight distance along the major road.
The decision point shown in the figure is that point at which the driver should begin to stop
if another vehicle is approaching on the cross street.” Because of the use of Stop signs or
traffic signals, approach sight triangles, as shown in Figure 3-1A, are not typically needed in
urban areas.

Departure Sight Triangles. A departure sight triangle provides the driver of a stopped
vehicle the sight distance necessary to either cross the intersection or merge in the traffic
stream. Figure 3-1B shows typical departure sight triangles to the left and right of a vehicle
at an intersection. Unlike the approach sight triangles, departure sight triangles should be
provided for intersections with stop control, yield control, and some signalized intersections.
The dimensions “a” and “b” shown in Figure 3-1B are based on assumptions derived from
field observations of driver gap acceptance behavior. The dimension “a” is this distance
from the stopped driver’s eye to the center of lane on the intersection approach. The
dimension “b” provides the distance that the vehicle on the intersecting approach sees the
minor-road driver.

The decision point (see Figure 3-1B) of the departure sight triangle on the minor road should
be 14.4 ft [4.4 m] from the edge of the major-road traveled way. This represents the typical
position of the minor-road driver’s eye when a vehicle is stopped relatively close to the
major road. Field observation of vehicle stopping positions found that, where necessary,
drivers will stop with the front of their vehicle 6.5 ft [2.0 m] or less from the edge of the
major-road traveled way. Measurements of passenger cars indicate that the distance from
the front of the vehicle to the driver’s eye for the current U.S. passenger car population is
nearly always 8 ft [2.4 m] or less.” Where practical, it is desirable to increase the distance
from the edge of the major-road traveled way to the vertex of the clear sight triangle from
144 ftto 17.8 ft [4.4 m to 5.4 m]. This increase allows 10 ft [3.0 m] from the edge of the
major-road traveled way to the front of the stopped vehicle, providing a larger sight triangle.
The length of the sight triangle along the minor road (distance “a” in Figure 3-1B) is
measured from the position of the driver’s eye to the midpoint of lane of interest (either the
first lane to the left or the first lane to the right, depending on the sight triangle being
examined).

Identification of Sight Obstructions within Sight Triangles. Within a sight triangle there
are many obstructions that can obscure the driver’s view of oncoming vehicles. These may
include buildings, vegetation, longitudinal barriers or retaining walls, side slopes, etc. The
horizontal and vertical alignment of the intersecting roadways and any visual obstructions
should be considered. For design purposes the driver’s eye is assumed to be 3.5 ft
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[1080 mm] above the roadway. The object that is used for design approximates the height
of an automobile and is assumed to be 3.5 ft [1080 mm] above the roadway.

Where the sight distance value used in design is based on a single-unit or combination truck
as the design vehicle, it is also appropriate to use the eye height of a truck driver in checking
sight obstructions. The recommended value of a truck driver’s eye height is 7.6 ft

[2330 mm] above the roadway surface.
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Figure 3-1. Intersection Sight Triangles.?

Intersection Control

The sight distance required at intersections varies depending on the type of intersection
control. Sight distance criteria are discussed in AASHTO’s A Policy on Geometric Design
for Highways and Streets.’
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Case A — Intersections with No Control. The sight triangles for an intersection with no
control should allow the driver of a vehicle to see an approaching vehicle and have enough
time to stop before reaching the intersection. Chapter 9 of AASHTO’s Green Book provides
tables (Exhibits 9-51 and 9-53, respectively) showing the lengths for the approach sight
triangles shown in Figure 3-1A and adjustment factors for use where the approach grades
are greater than 3 percent. Use of this procedure is demonstrated in Application 3-1 <link>.

Case B - Intersections with Stop Control on the Minor Road. The departure sight
triangles for vehicles from a minor road to a major road should allow the driver of a vehicle
to see approaching vehicles and choose gaps in the traffic that allow them to accelerate and
complete a crossing maneuver or a turn without unduly interfering with major-road traffic
operations. The Green Book method to determine the required sight distance and determine
dimension “b” from Figure 3-1A is shown in Table 3-1. It uses the distance traveled at the
road’s design speed during the time gap for the maneuvers to determine the intersection

sight distance.
Table 3-1. Case B1, Left Turn from Minor Roadway, Stop
Control.*
US Customary Metric
ISD = 0.278 Vmajor g ISD = 1.47 Vmajor g
where: where:

ISD  =intersection sight ISD  =intersection sight
distance (length of the distance (length of the
leg of sight triangle leg of sight triangle
along the major road) along the major road)
(fo (m)

Vimajor = design speed of major Vmajor = design speed of major
road (mph) road (km/h)

ty = time gap for minor road | t, = time gap for minor
vehicle to enter the road vehicle to enter
major road (s) the major road (s)

If medians on divided roadways are wide enough to store vehicles, then departure sight
triangles should be provided from the median stop position. If they are not wide enough to
store vehicles then the median width’s effects should be included in the determination of the
required sight distance as an additional lane.

Departure sight triangle for intersections with stop control on the minor road should be
considered for three situations:

¢ Case B1 - Left turn from the minor road. Uses Green Book Exhibits 9-54 to 9-56.
Use of this procedure is demonstrated in Application 3-2 <link>.

¢ Case B2 — Right turn from the minor road. The departure sight triangles for a right
turn from the minor road are similar to the left-turn triangles except that the time gaps
required can be reduced by one second. Green Book Exhibits 9-57 to 9-59 contain
information on the procedure. Use of this procedure is demonstrated in Application 3-3
<link>.

¢ Case B3 - Crossing maneuver from the minor road. When vehicles are crossing the
major road, the sight triangles provided in Cases B1 and B2 should be sufficient;
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however if any of the following situations exist, then the sight triangles should be
checked:

e where left and/or right turns are not permitted from a particular approach and the
crossing maneuver is the only legal maneuver;

e where the crossing vehicle would cross the equivalent width of six or more lanes;
or

e where substantial volumes of heavy vehicles cross the roadway and steep grades
that might slow the vehicle while its back portion is still in the intersection are
present on the departure roadway on the far side of the intersection.

The Green Book provides tables and figures to determine the required sight distance for
Case B3 (see Green Book Exhibits 9-57 to 9-59). Use of this procedure is demonstrated in
Application 3-4 <link>.

Case C - Intersections with Yield Control on the Minor Road. For intersections with yield
control, approach sight triangles are larger than those needed for stop control. The
following two situations are considered for yield control:

¢ Case C1 - Crossing maneuver from the minor road. Green Book Exhibits 9-60 to
9-62 contain the sight distance lengths for Case C1. Use of this procedure is
demonstrated in Application 3-5 <link>.

¢ Case C2 - Left or right turn from the minor road. Green Book Exhibits 9-63 to 9-65
contain the sight distance lengths for Case C2. Use of this procedure is demonstrated in
Application 3-6 <link>.

Case D - Intersections with Traffic Signal Control. There are no required sight triangles in
the Green Book for signalized intersections, although the following sight conditions should
be considered:

¢ The first vehicle at one approach should be visible to the first vehicles on all the other
approaches.

¢ Left-turning vehicles should have sufficient sight distance to select gaps in oncoming
traffic and complete left turns.

¢ Where right turn on red is permitted, as at most locations, the departure sight distance to
view traffic approaching from the left should be provided, as discussed in Case B2.

If the signal will be placed on flashing mode (yellow for the major roadway and red for the
minor roadway) then the appropriate sight triangles for Case B (left and right) should be
provided on the minor road approaches.

Use of the Case D procedure is demonstrated in Application 3-7 <link>.

Case E - Intersections with All-Way Stop Control. There are no sight triangle requirements
for all-way stop control, although the first vehicles at every approach should be visible to
each other.

Case F — Left Turns from the Major Road. Drivers turning left across oncoming traffic of
a major roadway (see Figure 3-2) require sufficient sight distance to determine when it is
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safe to cross and there is time to complete the maneuver. Green Book Exhibits 9-66 to 9-68
provide the intersection sight distance lengths for this case. If stopping sight distance has
been provided continuously along the major road and if sight distance for Case B (stop
control) or Case C (yield control) has been provided for each minor-road approach, sight
distance will generally be adequate for left turns from the major roads. Therefore, no
separate check of sight distance for Case F may be needed. However, at three-leg
intersections or driveways located on or near a horizontal curve or crest vertical curve on the
major road, the availability of adequate sight distance for left turns from the major road
should be checked. In addition, the availability of sight distance for left turns from divided
highways should be checked because of the possibility of sight obstructions in the median.
At four-leg intersections on divided highways, opposing vehicles turning left can block a
driver’s view of oncoming traffic. Intersection designs using offset opposing left-turn lanes
can provide drivers with a better view of oncoming traffic <insert link to Chapter 4, Section
2, Offset Left-Turn Lanes>. Use of the Case F procedure is demonstrated in Application 3-8
<link>.
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Figure 3-2. Sight Triangle for Left Turn from Major Roadway.
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Table 3-2 lists the ISD cases along with a list of the relevant Green Book exhibits and
potential conditions that would result in adjusting the base ISD value.

Table 3-2. Summary of Intersection Sight Distance Cases and Potential Adjustments.

Case Description Potential Adjustments
Case A | Intersections with No Control ¢ Approach Grade > 3%
Case B1 | Intersections with Stop Control on the Minor ¢ Design Vehicle
Road, Left Turn from the Minor Road ¢ Approach Grade > 3%
¢ Number of lanes or presence of median on
major road to be crossed
Case B2 | Intersections with Stop Control on the Minor ¢ Design Vehicle
Road, Right Turn from the Minor Road o Approach Grade > 3%
Case B3 | Intersection with Stop Control on the Minor ¢ Design Vehicle
Road, Crossing Maneuver from the Minor Road | o Approach Grade > 3%
¢ Number of lanes or presence of median on
major road to be crossed
Case C1 | Intersections with Yield Control on the Minor | ¢ Design Vehicle
Road, Crossing Maneuver from the Minor Road | o Approach Grade > 3%
¢ Number of lanes or presence of median on
major road to be crossed
Case C2 | Intersections with Yield Control on the Minor | ¢ Design Vehicle
Road, Left or Right Turn from the Minor Road ¢ Approach Grade > 3%
¢ Number of lanes or presence of median on
major road to be crossed
Case D | Intersections with Traffic Signal Control
# First stopped vehicle on one approach should be visible to the drivers of the first stopped
vehicles on each of the other approaches.
¢ For left-turning vehicles, check Case B1 or Case F.
¢ Ifon two-way flash, check Case B.
¢ Ifright turns on red are permitted, check Case B2.
Case E | Intersections with All-Way Stop Control
¢ First stopped vehicle on one approach should be visible to the drivers of the first stopped
vehicles on each of the other approaches.
Case F Left Turns from the Major Road ¢ Design Vehicle
¢ Number of lanes or presence of median on
major road to be crossed

Adjustment for Skewed Intersections

When two roadways intersect at an angle less than 60 deg and realignment to increase the
angle of intersection is not justified, some of the factors for determination of intersection
sight distance may need adjustment. Realignment may not be justified in cases involving
intersections with low crossroad traffic volumes and no apparent safety concerns. However,
if traffic volumes are expected to increase in the near term, or if the intersection may be
signalized, realignment should be considered.

Urban Intersection Design Guide
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At an oblique-angle intersection, the length of the travel paths for some turning and crossing
maneuvers will be increased. The actual path length for a turning or crossing maneuver can
be computed by dividing the total widths of the lanes (plus the median width, where
appropriate) to be crossed by the sine of the intersection angle. If the actual path length
exceeds the total widths of the lanes to be crossed by 12 ft [3.7 m] or more, then an
appropriate number of additional lanes should be used in applying the adjustment for the
number of lanes to be crossed, as discussed in the Green Book® in its Chapter 9 section,
Effect of Skew.

In the obtuse-angle quadrant of an oblique-angle intersection, the angle between the
approach leg and the sight line is often so small that drivers can look across the full sight
triangle with only a small head movement (see Figure 3-3). However, in the acute-angle
quadrant, drivers are required to turn their heads considerably to see across the entire clear
sight triangle. For this reason, it is recommended that the sight distance criteria for Case A
not be applied to oblique-angle intersections and that sight distances at least equal to those
for Case B be provided, whenever practical.’

L

Intersection R
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Intersection
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Figure 3-3. Sight Triangles at Skewed Intersections.’

2=

Urban Intersection Design Guide 3-10 TxDOT 7/7/2005



Chapter 3 — Design Elements Section 2 — Horizontal Alignment

Section 2
Horizontal Alignment

Overview

There are a number of general considerations that are important in attaining safe, smooth
flowing, and aesthetically pleasing facilities.

Horizontal Curvature at Intersections

Intersections on sharp horizontal curves should be avoided.” Superelevation and the
widening of pavement on those curves complicates the design of the intersection and may
affect sight distance. In addition, the curves should be evaluated with respect to the
requirements imposed by the design speed on the respective roadways. The greatest benefit
is obtained when the design speed used for the curve approaches that of the major roadway.

The placement of an intersection at the beginning of a horizontal curve should be avoided.
Realignment as shown in Figure 3-4 typically provides better visibility and guidance onto
the major roadway.’

OLD AL IGNMENT

I”’
-

e

C -

Figure 3-4. Realignment of Tangent Roadway at Intersection.

The curves used for the realignment shown in Figure 3-4 should be carefully considered and
be selected with regard to the design speed on the realigned roadway.

Realigning Multileg Intersections

Intersections with five or more intersection legs (multileg) should be avoided wherever
practical.’ At locations where multileg intersections are used, it may be satisfactory to have
all intersection legs intersect at a common paved area, where volumes are light and stop
control is used. At major intersections, traffic operational efficiency can often be improved
by reconfigurations that remove some conflicting movements from the major intersection.
Such reconfigurations are accomplished by realigning one or more of the intersections, as
shown in Figure 3-5.
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Figure 3-5A shows the simplest application of this principle on an intersection with five
approach legs. The diagonal leg is realigned to join the upper road at sufficient distance
from the main intersection to form two distinct intersections, each of which can be operated
simply. The left-to-right highway is likely to be the more important route, and for this
reason the diagonal leg is realigned to locate the new intersection on the less important road.

Figure 3-5B illustrates an intersection with six approach legs, two of which are realigned in
adjacent quadrants to form a simple four-leg intersection at an appropriate distance to the
right of the main intersection, which is itself converted to a simple four-leg intersection.
This pattern applies where the top-to-bottom highway at the left is the more important route.
If the left-to-right highway is more important, it may be preferable to realign the diagonal
legs toward the other highway and thereby create three separate intersections along the
minor highway. The intersection configurations in Figure 3-5 are shown in their simplest
form. Tu3rning lanes and divisional islands may be used, as appropriate, to fit the particular
situation.

New Alignment
&-}/
I

P
| <— Old Alignment

J U
\lf
(A) |
I
I
1L
E— — — | — = Z
[
\
<,
I 0'4/@ \
2
/))@
(B) | o \

Figure 3-5. Realigning Multileg Intersections.’
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Superelevation on Low-Speed Facilities (45 mph [72 km/h] or less)

Although superelevation is advantageous for traffic operations, various factors often
combine to make its use impractical in many developed areas. These factors include the
following:

¢ wide pavement areas,

¢ surface drainage considerations,

¢ frequency of cross streets and driveways, and
L4

the need to meet the grade of adjacent property.

For this reason, horizontal curves on low-speed streets in urban areas are frequently
designed without superelevation, and lateral acceleration is provided solely with side
friction. Figure 2.2 of the Roadway Design Manual <link> shows the relationship of radius,
superelevation rate, and design speed for low-speed urban street design. Additional
information on superelevation is provided in Application 3-9 <link>.

Superelevation for Turning Roadways at Intersections

In intersection design, turning roadways frequently have curves with relatively sharp radii.
When speed is not affected by the presence of other vehicles, drivers on turning roadways
anticipate the sharp curves and accept higher side friction than they would accept on open
highway curves of the same radii. This behavior appears to stem from their desire to
maintain their speed through the curves, although some speed reduction does occur. When
other traffic is present, drivers will travel more slowly on turning roadways than on open
highway curves of the same radii because they must diverge from and merge with through
traffic. Therefore, in designing for safe operation, periods of light traffic volumes and
corresponding speeds will generally influence the design. Designs that encourage lower
travel speeds will better accommodate pedestrian traffic.

Superelevation Transition

Superelevation is generally developed so that two-thirds of the transition occurs outside of
the curve and one-third inside the curve, according to the Roadway Design Manual.” The
AASHTO Green Book recommends that 70 to 90 percent of the superelevation be located on
the tangent, with recognition that deviation from its recommended values by 10 percent
should not result in operational concerns.’ Chapter 2, Section 4 of the Roadway Design
Manual should be consulted to design the superelevation transition <link>.
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Superelevation Effects on Pedestrian Crossings

The provision of superelevation should be examined for its effects on pedestrian crossings.
Longitudinal slopes and cross slopes in crosswalks should not exceed the maximum slopes
permissible under the ADAAG and Texas Accessibility Standards. Further information on
those guidelines is provided in Chapter 7, Section 2, Crosswalks <link>.
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Section 3
Turning Radius

Overview

The design of the corner radius affects how drivers traverse the intersection, including the
speeds chosen as well as the path the driver follows. The corner also affects other features
such as the provision of islands (see Chapter 4, Section 5 <link>). Turning templates
(hardcopy or CAD cells) or turning path software may be used to predict the paths of
vehicles in curves. Application 3-10 examines the influence of some of these factors
<link>.

Design Vehicle

The choice of design vehicle greatly influences the selection of an appropriate turning radius
or turning roadway width. Consideration should be given to occasional vehicles (i.e.,
moving vans) as well as the predominant vehicle (i.e., passenger car) in developing an
intersection design. Chapter 7, Section 7 of the Roadway Design Manual <link> should be
consulted for more information about selecting design vehicles. In addition, the vehicle
classification data available through the Statewide Traffic Analysis Reporting System
(STARS), administered by Transportation Planning and Programming Division (TPP), can
show what types of vehicles are actually using a particular facility. Supplementing the hard
infrastructure (curbs) with paint markings can be a useful technique to effectively reduce
large areas of pavement to decrease the possibility of driver confusion.

Radius

The relationship between lane width, radius, and intersection angle affects the path vehicles
take when turning at an intersection. The selection of the radius at an intersection affects
turning-vehicle speeds and lane positioning. Consideration of the type of vehicle used in the
design and acceptable lane positioning should be made based on the types of main and cross
roadways. Curb radii should be selected to accommodate desired design vehicles (but not
necessarily to turn into first lane on a multilane roadway). For intersections with minor
roadways it is frequently judged acceptable for infrequent large trucks to occupy both lanes
on the minor roadway in the course of completing the turning maneuver. This type of
design would be inappropriate for a major crossroad, of course, or where trucks are frequent
users of the minor roadway. Table 3-3 lists a summary of some of the effects the corner
radii selection has on the operation of an intersection.
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Table 3-3. Turning Radius Effects.

Benefits of Larger Radii Benefits of Smaller Radii
¢ Accommodates larger vehicles ¢ Reduced vehicle crossing
without encroachment time
¢ Permits higher turning-vehicle ¢ Reduced pedestrian
speeds in free-flow situations crossing time leads to
¢ May allow the presence of islands reduced vehicular delay at
for traffic control devices and signalized intersections
pedestrian refuge areas <insert <insert link to Figure 3-7>
link to Chapter 4, Section 5> ¢ Reduced turning speeds can
benefit pedestrians <insert
link to Effects on
Pedestrians in this section>
¢ Reduced pavement area

Figure 3-6 illustrates various radii and swept paths for two design vehicles. The Green Book
provides tabular values for the cross street width occupied by turning vehicles in its
Exhibit 9-31.

The following curb radii are generally recommended:

¢ 15 ft[4.6 m]to 25 ft [7.6 m] to accommodate passenger cars and

¢ 40 ft[12 m] to 50 ft [15 m] to accommodate heavy volumes of trucks or buses.
If combination tractor-trailer units are anticipated in significant volume, the Roadway

Design Manual’s section on Minimum Designs for Truck and Bus Turns, Chapter 7, should
be consulted <link>.
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1
Edge of 4-Lane Street
\ I S
I - ~ e WB-50 [WB-15] Design Vehicle
N

T _/ — \\_ %>12ft[3.7 m]

P Design Vehicle
R=15 ft [4.6 m]
I|
Travel Way Edge

\‘—ﬂ‘—’\

12 ft [3.7 m]

/ WB-50 [WB-15] Design Vehicle

- >~ - - 77>12ft[3.7m]

\—P Design Vehicle

I R=40 ft [12.2 m]

|| : Travel Way Edge

]
\12 ft[3.7 m]

Figure 3-6. Effect of Curb Return Radius on Right Turning Paths (R=15 ft [4.6 m] and
R=40 ft [12.2 m]).}

Effects on Pedestrians

The provision of larger radii affects the path of pedestrians at the intersection. Larger radii
can increase the distance pedestrians are exposed to traffic and move crosswalks and curb
ramps away from the intersection. The selection of a radius should be weighed in light of
these effects, and may result in a compromise between pedestrian needs and vehicle needs.’
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Crosswalk lengths increase with larger curb radii if the crosswalk is located inside the corner
radius (see Figure 3-7), increasing pedestrian crossing time and, subsequently, traffic signal
timing.

Another issue that may be problematic is the speed of the turning vehicles. The speed of
turning vehicles can be estimated by the following equations:”

The prediction equation for the 85" percentile speed at the beginning of the right turn is:
V85BT =17.50 — 1.00 Chan + 0.10 CR — 0.006 Len + 0.13 Wid
Where:

V85BT = 85" percentile free-flow speed near the beginning of the right turn (mph)
Chan = channelization present at site, Chan = 0 for islands and 1 for lines
CR = corner radius (ft)
Len = length of right-turn lane (ft)
Wid = width of right-turn lane at start of right turn (ft)

If the length and width of the right-turn lane are not readily available and the average values
of 12 ft for lane width and 193 ft for lane length are assumed, the equation becomes:

V85BT =17.80 — 1.00 Chan + 0.10 CR

The equation for predicting the 85" percentile speed near the middle of the right turn is:

V85MT =13.03 + 0.23 Chan + 0.06 CR — 0.01 Len + 0.40 Wid
Where:

V85MT = 85" percentile free-flow speed near the middle of the right turn (mph)
Chan = channelization present at site, Chan = 0 for islands and 1 for lines
CR = corner radius (ft)
Len = length of right-turn lane (ft)
Wid = width of right-turn lane at start of right turn (ft)

If the length and width of the right-turn lane are not readily available and the average values
of 12 ft for lane width and 193 ft for lane length are assumed, the equation becomes:

V85BT = 14.87 — 0.23 Chan + 0.06 CR
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Slower vehicle speeds improve pedestrian safety as they cross the roadway. However,
because the turning vehicles slow to complete the maneuver, large speed differentials may
result in a substantial distance upstream from the crossroad or driveway. Thus,
consideration for the use of deceleration lanes should be given. Further information about
deceleration lanes is provided in Chapter 4, Section 3 of this manual <link>.

Right of Way

Right of way and corner setback varies with curb radii but is also affected by border width
and sight distance. Right of way should be obtained that provides an acceptable border
width through the curb radius and permits attaining required intersection sight distance and
stopping sight distance on the turning roadways.

Parking Lanes

When parking lanes are provided, the effective corner radius is increased if parking is
restricted near the intersection.

Figure 3-8 shows an example that provides accommodation for larger vehicles through
encroachment into the space provided by the parking restriction. Chapter 4, Section 7 of this
manual should also be reviewed for parking lane restrictions at intersections <link>.

Minimum Curb Radius

The minimum curb radius used should be 5 ft [1.5 m] to enable the effective use of street
sweepers.”
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Sethack Sidewalk

15" R [4.6 m|

25" R{7.6m]

50 R (15 m]
Radius Crossing Increase Percent
Distance Crossing Increase
I5ft [46m] 26ft [79m] +0ft [0 m] 0%
25ft  [7.6m]  36ft [IIm] +10ft [+3m] 38%
50ft  [15m] 65ft [20m] +39ft [+I12m] 150%

Curbside Sidewolk

15" R (4.6 n]

25" R [1.6n|

50" R [15 m]
Radius Crossing Increase Percent
Distance Crossing Increase
15ft  [46m] 37ft [11m] +11ft [+3m] 42%
25ft  [7.6m] 50ft [15m] +24ft [+7m] 92%

50ft  [15m] 89ft [27m] +53ft [+16m] 203%
Figure 3-7. Added Crosswalk Distance with Increased Radius (Illustrated Using a 26-ft
[7.9 m] Roadway, 5-ft [1.5 m] Sidewalk, and 6-ft [1.8 m] Planting Strip for the Setback
Sidewalk).®
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Figure 3-8. Effective Radius with Parking Restriction.*
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Section 4
Angle of Intersection

Overview

For safety and economy, intersecting roads should generally meet at or nearly at right
angles.

General Considerations

The ideal angle of intersection is 90 deg between two roadways. If a 90-deg angle cannot be
obtained, the AASHTO Green Book® recommends an angle of intersection of no less than 60
deg (see Figure 3-9). Skewed intersections of less than 60 deg should be evaluated for
intersection sight distance using adjusted turning paths and criteria (see Chapter 3, Section 1,
Adjustment for Skewed Intersections) <link>.

Older drivers have significantly more problems at skewed intersections than average drivers.
Therefore, the Guidelines and Recommendations to Accommodate Older Drivers and
Pedestrians Handbook’ recommends an angle of intersection of no less than 75 deg. If the
angle must be less than 75 deg, it recommends that right turn on red be prohibited.

s 1
ISR
s -
j 90° pref, 60° min
— e — e — . + — L. —.—. _(E
| Major Leg
|

Figure 3-9. Example of Angle of Intersection (Minor Leg Skewed to the Right).

Realigning Intersections

When existing intersecting roadways do not meet the desired specifications, redesigning the
intersection is recommended. Roads intersecting at acute angles need extensive turning
roadway areas and tend to limit visibility, particularly for drivers of trucks. When a truck is
on an obtuse angle, the driver has blind areas on the right side of the vehicle. Acute angle
intersections increase exposure time for the vehicles crossing the main traffic flow.
Realigning roadways as shown in Figure 3-10 has been shown to be beneficial. The greatest

Urban Intersection Design Guide 3-23 TxDOT 7/7/2005



Chapter 3 — Design Elements Section 4 — Angle of Intersection

benefit is obtained when the curves used to realign the roads allow operating speeds nearly
equivalent to the roadway approach speeds.” A design exception may be required if
curvature and sight distance requirements are not met (see Roadway Design Manual
Chapter 1, Section 2 <link>). It should be noted that options A and B may require a
considerable amount of new ROW, option C may present problems if there is a significant
through movement on the realigned roadway due to the potential for large left-turn queues
on the major roadway, and the separation distance between the intersections in options C
and D needs to be sufficient to allow for adequate storage. The design of the profile and
alignment should be carefully considered if there is a potential for the signalization of the
intersection (or a change in which roadway has a stop condition), since vehicles would enter
the intersection at speed rather than from a stop condition.

_E..
Figure 3-10. Realignment Options at Intersections.’
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Section 5
Vertical Alignment

Overview

At an intersection, the combination of grade lines of the intersecting roadways should
provide as seamless a transition as possible. Chapter 6, Section 3 Profile <link> should also
be reviewed to address drainage concerns regarding the vertical alignment of intersections.

Vertical Alignment

Substantial grade changes should be avoided at intersections, but that is not always possible.
Adequate sight distance along all intersecting roads should be provided. Those sections of
roads that are used for storage of stopped vehicles, otherwise known as storage platforms,
should have a gradient that is as flat as possible. Where pedestrians are expected,
intersections should be “tabled” as much as possible to ensure the cross slope in crosswalks
is less than 2 percent <insert link to Chapter 7, Section 2, Crosswalks>.

The alignment and grades are subject to greater constraints at or near intersections than on
the open road. At or near intersections, the combination of horizontal and vertical alignment
should provide traffic lanes that are clearly visible to drivers at all times, clearly
understandable for any desired direction of travel, free from the potential for conflicts to
appear suddenly, and consistent in design with the portions of the highway just traveled.’

The combination of vertical and horizontal curvature should allow adequate sight distance at
an intersection. As discussed in Chapter 3 of the AASHTO Green Book, a sharp horizontal
curve following a crest vertical curve is undesirable, particularly on intersection
approaches.’

Grades

When the intersecting gradients are 3 percent or less, stopping and accelerating distance do
not differ substantially from those for level grades. However, if grades are greater than

3 percent, changes in several design elements may have to be made because of the effects of
the grades on vehicle performance. Because of these effects and the complexities of
intersecting two roadways when one or both are on substantial grades, grades of 3 percent or
more should generally be avoided at intersections. If existing conditions require grades
above 3 percent, grades up to 6 percent may be retained, although adjustments for the effects
of the grades should be made in the geometric design elements (primarily sight distance) of
the roadways. The use of grades greater than 2 percent will not allow compliance for cross
slopes in the crosswalk as required by ADAAG® and TAS.” Chapter 3, Section 1 of this
manual should be consulted regarding intersection sight distance and the Roadway Design
Manual regarding stopping sight distance <insert link to ISD chapter of this manual and
SSD section of the Roadway Design Manual>.
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Coordination of Vertical Profiles

The vertical profiles of the main and cross roadways should be coordinated to provide
acceptable ride quality for drivers.'’ Simply matching the crossroad vertical profile to the
main road vertical profile and cross section (see Figure 3-11A) may be acceptable in
situations where the roadways are relatively flat. A considerable transition length is
generally required when significant grades are involved because of the length of the vertical
curves needed to meet design speed requirements. In locations where traffic does not always
stop on the crossroad (i.e., a traffic signal is present) the minor road will have an undesirable
vertical profile unless adequate vertical curves are provided.

The profile gradelines and cross sections on the legs of an intersection should be adjusted for
a distance back from the intersection proper to provide a smooth junction and proper
drainage. Normally, the gradelines of the major road should be carried through the
intersection and that of the minor road should be adjusted to it. This design involves a
transition in the crown of the minor road to an inclined cross section at its junction with the
major road. For simple unchannelized intersections involving low design speeds and stop or
signal control, it may be desirable to warp the crowns of both roads into a plane at the
intersection; the appropriate plane depends on the direction of drainage and other conditions.
Changes from one cross slope to another should be gradual. Intersections at which a minor
road crosses a multilane divided highway with a narrow median on a superelevated curve
should be avoided whenever practical because of the difficulty in adjusting grades to provide
a suitable crossing. Gradelines of separate turning roadways should be designed to fit the
cross slopes and longitudinal grades of the intersection legs.” It is generally helpful to plot
contours of the entire intersection to evaluate the impacts of the proposed warping on
drainage and ADAAG/TAS compliance. Further guidance regarding warping the pavement
surfaces can be found in Chapter 6, Section 3, Profile <link>.

Figure 3-11B provides an example of coordinating the cross section of the main roadway
and the vertical alignment on the crossroad to achieve a better design. By changing the
crown on the main road, the passage across it is much smoother. Because the resulting
grade changes will be reduced and result in shorter vertical curves, this alignment will
require less distance to meet design speed than that shown in Figure 3-10A while meeting
design speed requirements. The design will require that a sufficient transition length on the
major roadway be provided, however.

Minor changes in vertical profiles may be required on either the main or cross roadway.
Changes in grade should generally be affected by using a vertical curve with a K-value that
meets the design speed of the roadway. As provided in the Roadway Design Manual,”
however, minor grade changes may be accomplished without the use of a vertical curve
under the following circumstances:

¢ 1 percent or less for design speeds equal to or less than 45 mph [72 km/h], or
¢ 0.5 percent or less for design speeds greater than 45 mph [72 km/h].
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Even when the above criteria are met, conditions where grade changes without vertical
curves are not recommended include:

¢ bridges (including bridge ends),
¢ direct-traffic culverts, and

¢ other locations requiring carefully detailed grades.

¢ Major Road

|
Pavement
/
70 ft 70 ft -
0]

(A) Minor road changed to fit crown of major road

¢ Major Road
Pave‘ment
profile of LTt oft
minor road (20 m] [20 m]l —

(B) Major road has reverse cross-fall to
accommodate minor road profile

Figure 3-11. Coordination of Vertical Alignments on Horizontal Tangent.*

Figure 3-12 provides other examples of coordinating alignments where roadways are on
curves. If the vertical alignment of the crossroad and the horizontal curve on the main
roadway are complementary as in Figure 3-12A, then the alignment can be relatively
smooth. The case illustrated in Figure 3-12B is more difficult to accomplish because of the
introduction of the required vertical curves on the minor road. The vertical curve lengths

and the intersection sight distance requirements will necessitate careful consideration of the
alignment on the minor road.
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Figure 3-12. Coordination of Vertical Alignments on Horizontal Curves.™
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Section 1
Through Lanes

Overview

Through lanes in the intersection should normally match the lanes upstream of the
intersection in both number and width, although lanes can be added (i.e., downstream of an
intersection or in the immediate area of the intersection) or removed if necessary for
capacity purposes (i.e., for a lane drop).

Width

Lane widths vary for different functional classifications and depend on the scope of work.
Design criteria are provided in the Roadway Design Manual:'

¢ Reconstruction (4R) work:

e  Urban streets and frontage roads: Roadway Design Manual Table 3-1, Geometric
Design Criteria for Urban Streets <link>

e  Suburban roadways: Roadway Design Manual Table 3-5, Geometric Design
Criteria for Suburban Roadways <link>

¢ Rehabilitation (3R) work:

e Roadway Design Manual Table 4-3, 3R Design Guidelines for Urban Streets All
Functional Classes <link>

e Roadway Design Manual Table 4-5, 3R Design Guidelines for Urban Frontage
Roads <link>

Adding a Lane

The capacity of urban roadways near at-grade signalized intersections is generally limited by
the capacity at those intersections rather than on the links between the intersections.
Signalization restricts the movement of vehicles through an intersection (thus limiting
conflicts between opposing travel directions) but restricts capacity on the through roadways.
Additional through lanes may be required at an intersection to meet capacity needs. Taper
lengths and deceleration lengths for a new through lane are similar to those needed when
introducing a left-turn lane (see Table 3-3 in the Roadway Design Manual <link>).'
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Chapter 4 — Cross Section Section 1 — Through Lanes

Lane Drop

Lane drops are used to reduce the total number of lanes. The lane drop can occur at an
intersection in the form of a mandatory right (or left) turn or after the intersection (see
Figure 4-1). When the lane drop occurs after the intersection, the taper and acceleration
lengths shown in the Roadway Design Manual, Figure 3-10 <link> can be utilized.
Application 4-1 <link> provides an example of a situation when a lane drop occurs after an
intersection due to the end of a widening project.

> _ _ _ _ _ _ _ _ _ _ _ _ _ _ —_ _
__ — _ _ _ _ _ _ _ _____ == __ j«— _ " _ - ”__ - - - ="
- < -« <
A ¥
__________________ —>| o _ - _ _ - _ _ _ _ _____o_-_-
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(A) Lane Drop at Intersection

Taper ‘ Acceleration
‘ =L
- - - - - - - - <« _ _ le— _ _ _ _ _ _ _ - - - - - _ -—_ _ .
-— - -« -—
e SR « ~ ~ ~ ~ -=-- - - - - -~ «—
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- . - - - - - - _---._--._z= > _ _ - - __--__-_-----°-_°":
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(B) Lane Drop after Intersection
Figure 4-1. Lane Drops.

Reallocation of Cross Section

Undivided multilane roadways without turn lanes may sometimes function as if the
centermost through lanes were left-turn lanes, as vehicles wait for openings in the opposing
traffic. If large numbers of turning vehicles are present, then these “through” lanes may
actually operate as turn lanes. An improvement alternative to the four-lane urban cross
section is to redesign it to a three-lane cross section with the middle lane becoming a
continuous left-turn lane since this is similar to how the cross section is working. The
redesign can result in additional width available for bicycle lanes, wider sidewalks, or
roadside amenities. The improvement is generally called a “road diet.” Application 4-2
<link> provides examples of the road diet concept.
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Section 2
Left-Turn Lanes

Overview

Left-turn lanes are used to provide space for the deceleration and storage of turning vehicles
(see Figure 4-2). They may be used to improve safety and/or operations at intersections.
Multiple left-turn lanes may be used to accommodate high peak hour left-turn volumes.

Provision of Left-Turn Lanes

Strong consideration should be given to the provision of left-turn bays at all signalized
intersections, intersections that may be signalized in the future, and intersections of higher-
class roadways.

Left-turn lanes can also improve safety at all types of intersections. The TxDOT Roadway
Design Manual includes recommendations for when left-turn lanes should be considered
based on traffic volumes <link to RDM Table 3-11>. Application 4-3 <link> illustrates the
use of the guidelines on when to consider a left-turn lane on a two-lane highway.

Length

The length of the turn lanes depends on three elements:
¢ deceleration length,
¢ storage length, and

¢ entering taper.

If insufficient room is available for each of these elements, allowing a moderate amount of
deceleration length to be included in the taper section is acceptable. Table 3-3 of the
Roadway Design Manual <link> provides recommended lengths for the dimensions shown
in the Roadway Design Manual figure <link to Roadway Design Manual Figure 3-1>.
Deceleration length assumes that moderate deceleration will occur in the through traffic lane
and the vehicle entering the left-turn lane will clear the through traffic lane at a speed of

10 mph [16 km/h] slower than through traffic. Where providing this deceleration length is
impractical, it may be acceptable to allow turning vehicles to decelerate more than 10 mph
[16 km/h] before clearing the through traffic lane. See the Roadway Design Manual

Table 3-3 <link>.

When determining storage lengths, the length of the queue in the adjacent through lane
should be reviewed to ensure that queued traffic will not block the entrance to the dedicated
turn lane. Application 4-4 <link> demonstrates this concept.
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Chapter 4 — Cross Section

Section 2 — Left-Turn Lanes
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Figure 4-2. Left-Turn Lanes on Urban Streets.

A dual left-turn lane is shown in Figure 4-3. The length of dual left-turn lanes may be found
in the Roadway Design Manual' <link to Roadway Design Manual Table 3-4>. If dual left-
turn lanes are used, the length required for storage is approximately half that required for
single left-turn lanes.” Flexibility in signalization is provided if the left-turn movements are
separated as shown in Figure 4-3 (dimension m, note at *). This separation, if sufficient, can
allow concurrent dual left-turn phases. Separate dual left-turn phases eliminate the potential
problem of overlapping vehicle paths in the intersection.

Adjust throat width to
accommodate multiple
left-turn lanes.

Consider providing special
pavement markings (guide lines)
to help guide vehicles turning

from multiple turn lanes.

Optional Markings

—_—
}/
Optional Markings .

* This dimension applies to the
separation of opposing multiple
left-turn lanes turning
simultaneously. Actual distance I
may vary based on site conditions.

Figure 4-3. Dual Left-Turn Lane.?

| &

Adjust throat width to
accommodate multiple
left and right-turn lanes.
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Width

The width of auxiliary lanes should preferably match the width of the through lanes,
although they should be at least 10-ft wide [3 m].? If curbs are present, a curb offset of 1 to
2 1t [0.3 to 0.6 m] from the edge of the travel lane to the face of the curb should be used.

To accommodate a single left-turn lane, a median width of 18 ft [5.5 m] (12-ft-lane width
[3.7 m] plus a 6-ft divider [1.8 m]) is recommended. The 6-ft divider [1.8 m] may provide a
refuge for pedestrians, depending on its design (see Chapter 4, Section 5, Island and Median
Design <link>); however, it is not sufficient to fully offset the turn lane (discussed below). If
dual left-turn lanes are used, a median width of 28 to 30 ft [8.5t0 9.1 m] (11 to 12 ft [3.4 to
3.7 m] lanes plus a 6-ft divider [1.8 m]) is recommended.

If dual left-turn lanes are used, the median opening and crossroad should be sufficiently
wide to accommodate both incoming lanes.

Offset Left-Turn Lanes

Vehicles in opposing left-turn lanes can limit each other’s views of approaching traffic. The
restriction on the sight distance is dependent on the amount and direction of the offset
between the opposing left-turn lanes. The offset is measured between the left edge of a left-
turn lane and the right edge of the opposing left-turn lane as shown in Figure 4-4.
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Figure 4-4. Negative and Positive Offsets of Left-Turn Lanes.

4

Benefits of positive offset left-turn lanes include:
¢ better visibility of opposing through traffic,
¢ improved unprotected left-turn phase,

¢ decreased possibility of conflict between opposing left-turn movements within the
intersection, and

¢ service for more left-turn vehicles in a given period of time (particularly at signalized
intersections).

The impact on pedestrian crossings of all roadways should be considered in the design of
offset left-turn lanes.

Figure 4-5 shows an example of an offset left-turn lane.

Application 4-5 <link> presents an example where offset left-turn lanes were used to
improve the view of oncoming vehicles.
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Figure 4-5. Example of an Offset Left-Turn Lane.

Guidelines for Offset Left-Turn Lanes

Greater ROW width is required to offset left-turn lanes, but research has shown that they can
provide significantly greater sight distance for left-turn maneuvers, a particularly critical
maneuver for older drivers.” Guidelines were developed for offsetting opposing left-turn
lanes at 90-degree intersections on level, tangent sections of divided roadways with 12 ft
[3.7 m] lanes (see Table 4-1).° The minimum offsets in the table are those required to
provide opposing left-turning vehicles with adequate sight distances. They are applicable to
left-turning passenger cars opposed by either another passenger car or a truck. The desirable
offsets are those that provide opposing left-turning vehicles with unrestricted sight distances,
and therefore, they are independent of design speed. The guidelines include minimum and
desirable offsets when (a) both vehicles are unpositioned and (b) the left-turning vehicle is
unpositioned and the opposing left-turning vehicle is positioned. Positioned vehicles
entered the intersection to obtain a better view of oncoming traffic while unpositioned
vehicles were defined as those that remained behind the stop line while waiting to turn left.
A previous study found that 60 percent of older drivers did not position their vehicle.
Therefore, in areas with high percentages of older drivers, the guidelines based on both
vehicles being unpositioned should be used. Likewise, in areas where there are high
percentages of trucks, the guidelines based on the opposing left-turning vehicle being a truck
should be used.
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Table 4-1. Guidelines for Offsetting Opposing Left-Turn Lanes. °

Metric
Opposing Left-Turn Vehicle Minimum Offset (m)
Design Speed (km/h)
Type Location 50 | 60 | 70 80 90 | 100 | 110 |Desirable
Offset
Passenger Car | Unpositioned | 1.0 | 1.0 | 1.1 1.1 1.1 1.2 1.2 1.3
Positioned 02/03] 03] 04 ] 04]04] 04 0.6
Truck Unpositioned | 1.5 | 1.5 | 1.5 1.6 1.6 1.6 1.6 1.7
Positioned 08108 09 |09 ]09 ] 10|10 1.1

U.S. Customary

Opposing Left-Turn Vehicle Minimum Offset (ft)
Design Speed (mph)
Type Location |80.5(96.6|112.7|128.8|144.9|161.0|177.1 | Desirable

Offset
Passenger Car | Unpositioned | 3.3 | 3.3 | 36 | 3.6 | 3.6 | 39 | 39 43
Positioned 07]10] 1.0 | 13 1.3 1.3 1.3 2.0
Truck Unpositioned | 4.9 | 49 | 4.9 5.2 5.2 5.2 5.2 5.6
Positioned 26 |26 29 | 29 | 29 | 33 | 33 3.6

The guidelines presented in Table 4-1 would typically involve reconstructing the left-turn
lanes. Increasing the width of the lane line between the left-turn lane and the adjacent
through lanes can also improve the sight distance by encouraging the driver to position the
vehicle closer to the median. McCoy et al.” developed a methodology for determining the
width of the left-turn lane line.

Types of Offset Left-Turn Lanes

Two types of offset left-turn lanes are typically used: parallel and tapered. Parallel lanes
may be used at both signalized and unsignalized intersections, while tapered lanes are
usually used only at signalized intersections. An illustration of both types is provided in
Figure 4-6.

Tapered offset left-turn lanes are normally constructed with a 4-ft [1.2 m] nose between the
left-turn and the opposing through lanes. This median nose can be offset from the opposing
through-traftic by 2 ft [0.6 m] or more with a gradual taper, making it less vulnerable to
contact by the through traffic (see part B of Figure 4-6).

This type offset is especially effective for turning radii allowance where trucks with long
rear overhangs, such as logging trucks, are turning from the mainline roadway. This same
type of offset geometry may also be used for trucks turning right with long rear overhangs.’

Parallel and tapered offset left-turn lanes should be separated from the adjacent through
traffic lanes by painted or raised channelization. Adequate advance signing is essential so
that drivers recognize the need to enter the turn lane well in advance of the intersection.
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Figure 4-6. Parallel and Tapered Offset Left-Turn Lane.’

Performance

Results of a 1996 study® indicated that driver performance can be adversely affected by
offsets that are much less (i.e., more negative) than -2.95 ft [-0.9 m]. Such large negative
offsets significantly increased the size of the critical gaps of drivers turning left and also
seemed to increase the likelihood of conflicts between left turns and opposing through
traffic. Large negative offsets may be particularly troublesome for older drivers and women
drivers, who are less likely to position their vehicles within the intersection to see beyond
vehicles in the opposing left-turn lane.

The same 1996 study had a somewhat counter-intuitive finding. Driver perceptions of the
level of comfort were not found to improve with greatly increased offsets. An offset of

5.9 ft [1.8 m] was associated with a lower level of comfort and a higher degree of difficulty
perceived by drivers than an offset of -2.95 ft [-0.9 m], even though the latter provides less
sight distance. The study’s authors speculated that this reaction might be because the
-2.95-ft offset [-0.9 m] is more common than the 5.9-ft-offset [1.8 m].
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Section 3
Right-Turn Lanes

Overview

Right-turn lanes are used to provide space for the deceleration and storage of turning
vehicles. They may be used to improve safety and/or operations at intersections. If a
parking lane is present, it may provide the space necessary for a right-turn lane.”

In built-up areas, channelized right-turn lanes should be used only where significant capacity
and safety problems may occur without them and adequate pedestrian crossings can be
provided <insert link to Chapter 7, Section 2>.

Figure 4-7 illustrates examples of right-turn lanes.
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Figure 4-7. Right-Turn Lane Examples.
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Location

A number of factors enter into the decision regarding whether right-turn lanes should be
used: speeds, traffic volumes, percentage of trucks, capacity, type of highway, service
provided, and the arrangement and frequency of intersections.” Deceleration lanes that
include storage lanes for turning traffic are particularly advantageous, providing improved
intersection performance and safety.

Length

The length of turn lanes depends upon three elements:
¢ entering taper,
¢ deceleration length, and

¢ storage length.

If insufficient room is available for each of these elements, including a moderate amount of
deceleration length in the taper section is acceptable. Figure 4-8 provides an illustration of a
basic right-turn lane, while Table 3-3 <link> of the TxDOT Roadway Design Manual
provides recommended lengths. Storage length calculations should consider that the queue
from the through movement may block the entry to the right-turn lane, so both the right-turn
and through-movement queues should be reviewed when establishing the length of the right-
turn lane. Application 4-6 <link> demonstrates this concept.

Application 4-7 <link> provides an example of a design where length requirements
overlapped in an area needing successive right-turn lanes.

Total Length

Storage + Deceleration | Taper

R>
R1
Tangent
Length

R1 = 2Rz (Approximate)
Tangent Length = (1/3 to 1/2)(Taper Length)

Figure 4-8. Example of Right-Turn Lane.

Width

The width of right-turn lanes should preferably match the width of the through lanes,
although they should be at least 10 ft wide [3 m].” If curbs are present, a curb offset of 1 to
2 1t [0.3 to 0.6 m] from the edge of the travel lane to the face of the curb should be used.
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The width of the turning roadway present with a corner island is discussed in Chapter 4,
Section 5 <link>.

Radius

Corner radii are designed to accommodate the expected vehicle classes for each location.
Chapter 3, Section 3 provides more information regarding corner radius selection <link>.

Corner Island

When a turning radius is designed for semitrailer combinations or when the design allows
passenger vehicles to turn at 10 mph [16 km/h] or more, the pavement area becomes very
large. In order to reduce the pavement area and prevent vehicles from wandering from their
natural paths, a corner triangular island is usually used. In urban areas, the island in all
instances should be located about 2 ft [0.6 m] outside the traveled way edge extended, as
shown in Figure 4-9.

An important part of the design for some intersections is the design of a free-flow alignment
for right turns. Information on corner islands is included in Chapter 4, Section 5 <link> and
turning radius in Chapter 3, Section 3 <link>.

Angle of Turn

- WB 50 [WB-15] Semitrailer
Comb. Path Outer
Radius 75 ft [23 m]

-

S 2 NN
4 © G,
N %

3-Centered Curve
180 ft - 65 ft - 180 ft [55 m - 20 m - 55 m] Offset 6 ft [1.8 m]
Equivalent Simple Curve Radius 100 ft [30 m]

Figure 4-9. Minimum Turning Roadway Design to Accommodate WB-50 [WB-15] with
Corner Island at Urban Locations.”
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Configuration and Control of Right-Turn Lanes

The type of control established by traffic control devices and geometry of an intersection
affects the operation of the turning lane. Right-turn lanes can have many forms, based on
the design elements used and method of control on the right turn. At the intersection of two
high-speed or high-volume roadways, a free-flow design has been used with some
frequency. At intersections where one or both of the intersecting roadways has low speeds
and low pedestrian activity, a turn lane with island design has emerged as a cost-effective
design. In other locations with low volumes or strong pedestrian activity, turn lanes without
an island may be appropriate. Vehicles turning right must stop at a red signal or Stop sign
before proceeding, resulting in some right-turn queues but improving the location for
pedestrians. Common configurations for right turns along with their pluses and minuses are
shown in Table 4-2.
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Table 4-2. Right-Turn Lane Designs.

—>
[ ——
A
|
|
Right-Turn Lane
Plus Minus
¢ Allows right turn on red (unless ¢ All vehicles must stop on red, potentially
prohibited), reducing right-turn queues. increasing the right-turn queue.
¢ Removes turning vehicles from through- ¢ The absence of an island eliminates its use for:
vehicle lane for improved intersection e placement of traffic control devices, and
operations. e a pedestrian refuge.
¢ Lower turning speeds provide a safer
pedestrian environment.

Shared Lane with Island

Plus Minus
¢ Provision of islands permits its use for ¢ May encourage higher speeds.
placement of traffic control devices orasa | ¢ [f signal support is located on island, pedestrians
pedestrian refuge. will need to cross uncontrolled lane to reach
¢ Removes turning vehicle from head of pedestrian push button.
queuc. ¢ Design may result in small island size.
¢ The through movement queue may obstruct the
throat of the right-turn lane, reducing capacity of
the intersection.
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Table 4-2. Right-Turn Lane Designs (Cont).

—
— — — — — R
Right-Turn Lane with Island
Plus Minus

¢ Provides relatively free movement for ¢ Higher turning speeds may present a hazard to

vehicles after yielding to pedestrians and pedestrians.

opposing traffic, reducing right-turn ¢ Driver attention is split between looking back to

queues. merging traffic and looking forward to
¢ Removes turning vehicles from through- pedestrian crossing points that may be present in

vehicle lane for improved intersection front of the vehicle.

operations.

—
— — — — — R
N
|
1R
|
Right-Turn Lane with Island and Dedicated Downstream Lane
Plus Minus

¢ Benefits motorized vehicles by lowering ¢ High-turning speeds are detrimental to

emissions and increasing capacity. pedestrian safety, so this design is not generally
¢ Provides free flow of turning vehicles, recommended in the urban environment.

reducing right-turn queues. ¢ Vehicles are observed to frequently stop prior to
¢ Eliminates need to look for merging entering the cross street even with an available

vehicles (attention may be focused ahead of dedicated lane because drivers do not know they

vehicle because driver is entering dedicated have a dedicated lane or how long it lasts.

lane). ¢ Dedicated downstream lane must be sufficient
¢ Removes turning vehicles from through- length for vehicles to merge.

vehicle lane for improved intersection ¢ Access needs to be managed along dedicated

operations. downstream lane to ensure proper operation.
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Section 4
Channelization

Overview

Channelization is used to control, direct, or divide vehicle paths. Where the use of large
radii for turning movements results in areas of pavement too large for the proper control of
traffic, channelization in the form of raised islands or pavement markings may be used to
enhance the guidance of vehicles.! Information on raised islands is included in Chapter 4,
Section 5 <link>.

Definition

According to AASHTO,? channelization is defined as “the separation or regulation of
conflicting traffic movements into definite paths of travel by traffic islands or pavement
marking to facilitate the orderly movements of both vehicles and pedestrians.” Properly
done, channelization can improve traffic operations, improve convenience, and enhance
driver confidence. Improperly done, channelization can accomplish exactly the opposite
effects. Over-channelization can result in confusion and poor operations.

Principles of Channelization Design

A number of principles have been identified that typically govern the design of channelized
intersections, although their application will depend on the specific circumstances of
specific intersections:

¢ Pedestrian traffic and crossings should be considered.
¢ Motorists should not be confronted with more than one decision at a time.

¢ Unnatural paths that require turns greater than 90 degrees or sudden and sharp reverse
curves should be avoided.

¢ Areas of vehicle conflict should be reduced as much as possible. Channelization should
be used to keep vehicles within well-defined paths that minimize the area of conflict.

¢ Traffic streams that cross without merging and weaving should intersect desirably at
right angles with a range of 60 to 120 degrees acceptable.

¢ The points of crossing or conflict should be studied carefully to determine if such
conditions would be better separated or consolidated to simplify design with appropriate
control devices added to ensure safe and efficient operation.

¢ Refuge areas for turning vehicles should be provided clear of through traffic.

¢ Islands used for channelization should not interfere with or obstruct bicycle lanes at
intersections.

¢ Prohibited turns should be blocked wherever possible.
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¢ Location of essential control devices should be established as a part of the design of a
channelized intersection.

¢ Channelization may be desirable to separate the various traffic movements where
multiple-phase signals are used.

Additional information on island design and usage is provided in Chapter 4, Section 5
<link>.

Usage

The use of channelization usually provides improved path guidance, narrowed conflict areas,
controlled vehicle movements, areas for the placement of traffic signals and signs, or refuge
areas. Channelizing islands must be raised if intended for pedestrian refuge, but this may not
be possible due to truck turning radius requirements. Examples of the use of channelization
are provided below.

¢ The paths of vehicles are confined by channelization so that not more than two paths
cross at any one point (see Figure 4-10).

J %‘;\B

p—— Channelized left-turn lanes and exit legs
) separate points of conflict and define
________ -7 ¥ vehicle paths, thereby greatly simplifying
- the left-turn movement.

Figure 4-10. Channelized Left-Turn Lanes and Exit Legs.?

¢ The angle and location at which vehicles merge, diverge, or cross are controlled (see
Figure 4-11).

Highly channelized right turns separate
merge-related, right-turn conflicts from
other turning and crossing conflicts within

the intersection. Median dividers separate
[> head-on conflicts.

/
7
-

- -

Figure 4-11. Channelized Right Turns.?
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¢ The amount of paved area is reduced and thereby decreases vehicle wander and narrows
the area of conflict between vehicles (see Figure 4-12).

Unchannelized right turns with large
turning radii greatly increase open
pavement area and pedestrian
exposure to conflicts. Raised traffic
islands serve as locations of pedestrian
refuge, reducing maximum time of
exposure to conflicting vehicular flows
for easier crossing.

Figure 4-12. Reduction of Pedestrian Exposure with Raised Islands.®

¢ Areas are provided for pedestrian refuge (see Figure 4-13).

Raised median channelization of
sufficient width provides midway
refuge for pedestrians crossing wide
arterial streets. This reduces total
time of exposure to conflict and also

greatly eases the crossing task. With [
median refuge, pedestrians can

concentrate on one direction of traffic
atatime. This is particularly

important to the elderly and disabled,

whose travel times crossing the

intersection may be much greater than

the general population.

Figure 4-13. Raised Median Channelization.®
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¢ Space is provided for traffic control devices so that they can be more readily perceived
(see Figure 4-14). Pedestrian crossing visibility should not be impaired, however. The
use of a smaller radius and eliminating the island could provide lower vehicle speeds
and place pedestrians in the driver’s cone of vision <link to Chapter 4, Section 5>.

Traffic islands, in addition to serving
other functions, are appropriate locations
for Stop and Yield signs. Use of islands in

I — L=
this manner results in the sign being ’{ /-\ -
placed at the stop line and within the
driver’s cone of vision. Also note the use
of separate turning lanes at this stop-
controlled intersection. Provision for a
right-turn lane eliminates unnecessary
delays to right-turning vehicles from
drivers waiting to make the more difficult
left turn.

Figure 4-14. Traffic Islands.?

¢ Prohibited turns are controlled (see Figure 4-15). The solid lines in the figure represent
permitted movements while the dashed lines represent prohibited movements blocked
by the traffic islands.

D G B
1
: Raised traffic islands can block through

/‘/J/_) movements or undesirable turning movements

f without hindering other intersection

1
\ ! movements.
/’ I
; ; , 1
/ v

Figure 4-15. Raised Traffic Islands.®
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Section 5
Island and Median Design

Overview

Three primary purposes that islands and medians provide are:

¢ channelization—to control and direct traffic movement, usually turning (principles of
channelization can be found in Chapter 4, Section 4 <link>);

¢ division—to divide opposing or same direction traffic streams, usually through
movements; and

¢ refuge—to provide refuge for pedestrians.’

Islands are defined areas between traffic lanes used for the control of vehicle movements.>
Medians are considered to be a type of island, but they separate opposing directions of the
roadway.

The design of islands and medians varies, depending on the purpose for their inclusion and
the site characteristics present. Examples of islands used in roadway design are shown in
Figure 4-16. This section presents overall guidelines for the design of islands and medians,
as well as guidance for specific circumstances (i.e., requirements if pedestrian refuge or
accommodation for large vehicles is to be provided).

G —
= =
D =

—

— TN
H— |

> i
N ﬁlwﬁ
Median Refuge Corner Refuge
p— J L
IR _/

— ¥
- o=

Divisional

Intersection
Channelization
Figure 4-16. Examples of Island Types.
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Corner Islands

Corner islands may be used effectively to reduce conflicts where large corner radii or
oblique crossings lead to large areas of pavement. Used to delineate the path of through and
turning vehicles, corner islands also provide refuge areas and space for sign placement.

Island Size. Channelization in the form of raised islands should be designed so that it
commands the driver’s attention. Because small islands may be overlooked, curbed corner
islands should be at least 50 ft* [5 m?] for urban intersections, although 100 ft* [9 m?] is
preferred. To afford refuge to pedestrians, islands should be at least 6 ft [1.8 m] in width.'
If pedestrians are intended to use cuts through islands for passage, the cuts must have a
minimum 5-ft width [1.5 m]. If curb ramps are used, there must be a minimum 5 ft x 5 ft
[1.5m x 1.5 m] landing provided in the island. This landing area, combined with a
maximum curb ramp slope of 1:12, means that ramped islands are only feasible where the
median or island width is at least 17 ft [5.2 m]. Because bicyclists may traverse
intersections in the crosswalk as pedestrians, this use should be considered. To provide
refuge for bicyclists, islands must be at least 6 ft wide [1.8 m].”°

Turning Roadway Widths. Corner islands should accommodate turning roadway widths of
14 ft [4.2 m] and allow turning vehicles to keep their wheel tracks within the traveled way
by about 2 ft [0.6 m] on both sides. If large trucks are used as design vehicles this may
result in undesirably wide lanes that may encourage passenger cars to use the facility as if it
had two lanes; to discourage this behavior, paint or other flush markings may be used to
delineate the desired path. For a right turn at a 90-degree intersection with a minimum-size
island, a 60-ft-radius [18.2 m] on the outer edge provides a 14-ft turn lane [4.3 m]. Other
designs using three-centered curves are shown in AASHTO’s Exhibit 9-41.

Oblique-Angle Turns with Corner Islands. The characteristics of islands and turn lane
width for intersections with oblique angles may be found in AASHTO’s Exhibit 9-42.

Delineation and Approach Treatments. Small islands are usually delineated by curbs and
retroreflective materials, while large islands may be delineated by vegetation, mounded
earth, shrubs, reflector posts, signs, or any combination of these. Section 3G of the
TMUTCD provides guidance on the use of delineation treatments for islands.'

Island outlines are dictated by the through or turning roadways that surround them. An
offset should be provided to the face of the curb on through lanes, although offsets may also
be used to turning roadways if necessary to provide clearance for turning trucks. The
AASHTO Green Book provides details for corner island designs. Figure 4-17 depicts details
regarding curb offsets on urban streets. Offsets to islands are desirable but not essential if
large uncurbed islands are used.’

Nose Offset. The offset from the travel lane to the approach nose should be greater than that
to the face of the curbed island, normally about 2 ft [0.6 m]. For curbed median islands, the
face of curb at the approach island nose should be offset at least 2 ft [0.6 m] and preferably
3 ft [1.0 m] from the normal median edge. The island should then be gradually widened to
its full width. For other curbed islands, the total nose offset should be 3 to 6 ft [1 to 2 m]
from the normal edge of through lanes and 2 to 3 ft [0.6 to 1 m] from the edge of the
traveled way of a turning roadway. Large offsets should be provided where the curbed
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corner island is preceded by a right-turn deceleration lane. Application 4-8, Island Offsets,
<link> provides an example of the design of curbed corner island offsets.

If the approach roadway has shoulders, the face of the curb on the corner island should be
offset by an amount equal to the width of the shoulder.” If a right-turn deceleration lane
precedes the corner island, the shoulder offset should be at least 8 ft [2.4 m)].

111

2 ft [0.6 m] Offset >,
I

. 2

SMALL

R= 2 ft[0.6 m]

Curb & gutter
on approach

e e o e — —— —

INTERMEDIATE
AND LARGE

R=2-3ft[0.6-1m]

2 - 3ft[0.6 - 1 m] Offset

R=2-3ft[0.6-1m]
<2 - 3 ft[0.6 - 1 m] Offset
R=2-5ft[0.6-1.5m]

Curb & gutter
on approach

I Y
2-3f[0.6-1m - el
Offset — — — - o "
< 4 -6 ft [1.2 - 2 m] Offset

77 Painted Stripes

Figure 4-17. Details of Corner Island Designs for Turning Roadways (Urban Locations).
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Visibility of Islands. Islands may be curbed or painted." The use of painted islands can be
effective and may be more readily modified if layouts are unsatisfactory. Their
effectiveness may be reduced in inclement weather; they may require more frequent
maintenance, and they do not provide pedestrians with the height advantage that a curbed
island provides. Although curbed islands are common in urban areas, painted islands are
frequently used where speeds are low and available space is limited. Curbs 6 inches

[152 mm] in height are usually used for urban curbed islands.

Because of the difficulty of seeing curbed islands at night, they can be illuminated with
fixed-source lighting or delineated appropriately with retroreflective devices, although large
curbed islands may be sufficiently delineated by color and texture contrast of vegetative
cover, mounded earth, shrubs, reflector posts, or any combination of these.”

Large channelizing islands frequently have turf or other vegetation to enhance their
appearance and delineation characteristics. Care should be taken to select low plants that do
not obstruct sight distance. Large islands should be depressed to prevent drainage from
crossing the intersection.

Pedestrians. Pedestrian accommodation is especially challenging at right-turn lanes with
islands. Turning drivers have a tendency to be focused more on negotiating the curve or
seeking gaps in the cross street than looking for pedestrians. In addition to marked
crosswalks, innovative pedestrian treatments may be appropriate at right-turn lanes with
islands; however, the literature in this area is limited and tends to focus more on crossings at
midblock locations and intersection corners (see Chapter 7 <link>). Figure 4-18 provides
an example of an island design intended to improve the performance for pedestrians of a
right-turn lane with islands.

112°
V|S|b|I|ty
25'to 40'
radius
depending
on design
vehicle
\2/0°b ~ 50° to 60°
Isioili angle between
Cj N vehicle flows

| =1 é?

Vehicle speeds 14 to
18 mph, good visibility
of pedestrians

Bicycle Lane

Figure 4-18. Suggested Design for Right-Turn Lane with Island.™

Observations on this design include:

¢ Compound curvature decreases the effective radius of the turn and thus reduces speed
and increases entry angle.

¢ Itis believed to be a better solution for accommodating pedestrians due to lower speeds.

Urban Intersection Design Guide 4-26 TxDOT 7/7/2005



Chapter 4 — Cross Section Section 5 — Island and Median Design

¢ The smaller angle (112 degrees) between the right-turning vehicle and the cross traffic
when searching for an acceptable gap requires less head turning that is especially
beneficial for older drivers.

¢ The location of the pedestrian crosswalk is sometimes moved upstream, providing a
better driver view of pedestrians in an area where the driver is not yet searching for a
gap. However, pedestrians frequently cross downstream, parallel to the flow of traffic
on the cross street since it is the shortest route.

¢ It is believed to be safer, although definitive studies have not been conducted.

Also, directional barriers or devices (such as fences, bollards, or signs) may be used to
encourage pedestrians to not step off the curb in areas other than the crosswalk.

Two NCHRP projects are addressing pedestrian concerns at right-turn lanes with islands.
NCHRP Project 3-72°s'? objective is to develop design guidance or criteria addressing the
safety and operational trade-offs for motorists, pedestrians, and bicyclists for channelizing
right turns, along with lane width and right-turn deceleration lanes at driveways and
unsignalized intersections. NCHRP Project 3-72'% began in 2003. NCHRP Project 3-78" is
anticipated to begin in 2004 and will address crossing treatments at roundabouts and
channelized turn lanes for pedestrians with vision disabilities. With any free-flowing
design, pedestrians with vision disabilities do not have cues available to enable them to
determine where to cross nor when a sufficient gap is available to make a safe crossing.

Median Design

Divisional islands (also called medians) may be introduced on undivided highways at
intersections (if they are not already present).” Divisional islands can serve to alert drivers
to the presence of the intersection, help to channel traffic through the intersection, and
provide pedestrian refuge. The islands may be used to help control left turns (particularly at
skewed intersections) or where right-turning traffic has separate channels.

Alignments. Alignments used to introduce the islands should be done so that driver paths
are clear and unmistakable. Reverse curves or tapers should be used, but their
characteristics should be selected so their designs are appropriate for the facility’s design
speed. If reverse curves are used, roadways with speeds up to 45 mph [72 km/h] should use
radii of 2035 ft [620 m] or more; radii of 3825 ft [1166 m] or greater should be used on
high-speed roadways.? Figure 4-19 shows some typical layouts used for the introduction of
divisional islands at intersections.

If located near a crest or the beginning of a horizontal curve, the approach end of an island
should be extended to be clearly visible to approaching drivers.

Pedestrians. The presence of a median presents both challenges and opportunities for
pedestrians:
¢ Raised medians may allow pedestrians to cross the intersection in stages.

¢ Ifused as a refuge area, pedestrians must be able to traverse the median without leaving
the line of the crosswalk and have sufficient room for refuge.
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Additional information on the use of a median for refuge is included in Chapter 4, Section 5,

Island and Median Refuge <link>.
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Figure 4-19. Layouts for Addition of Divisional Islands at Intersections.?

Median Size. Elongated or divisional islands should be a minimum of 4 ft wide [1.2 m] and
20 to 25 ft long [6 to 8 m], although in special cases with limited space they may be reduced
to 2 ft wide [0.6 m]."! Divisional islands used as pedestrian refuges should be at least

6 ft wide [1.8 m]. Other restrictions on island size and design related to their use as a refuge
area for pedestrians are provided later in Chapter 4, Section 5, Island and Median Refuge
<link>.

Median End Treatment Design

The design of the median end treatment for a raised or depressed median has to address a
number of considerations. An example of a raised median end is shown in Figure 4-20. The
median end treatment:

¢ should not infringe on the expected path of turning vehicles and should delineate the
beginning of traffic separation provided by the median;

¢ should be located as close as practical to the intersecting curb lines to minimize crossing
times;

¢ should not impede pedestrian crossings; and

L 4

may provide a pedestrian refuge area.

Application 4-9 <link> provides an example of the impacts of using a large design vehicle
in the design of the median.

Urban Intersection Design Guide 4-28 TxDOT 7/7/2005



Chapter 4 — Cross Section Section 5 — Island and Median Design

Figure 4-20. Example of Median Nose.

Shape. The shape of the median end treatment is usually dictated by the design vehicle, the
width of the median, the vehicle turning path, and the length of the median opening. The
two basic shapes are:

¢ semicircular and

¢ bullet ends.

Bullet-nose shapes share a number of characteristics. In general they:
¢ more closely follow the path of turning vehicles,
¢ minimize the median opening,

¢ reduce the amount of time required for vehicles to clear the intersection (allowing a
more efficient signal timing plan),

¢ provide better guidance for the turning driver because they position the left-turning
vehicles to turn to or from the crossroad centerline (semicircular ends tend to direct
vehicles onto the opposing traffic lane of the crossroad), and

¢ are better positioned to provide refuge areas for pedestrians (see Section 5, Island and
Median Refuge <link>).

Median widths below 4 ft [1.2 m] will generally function similarly regardless of the selected
end shape. For medians greater than about 14 ft wide [4.3 m] and with a 40-ft control radius
[12.2 m], the left-turn path controls the median opening length.

Squared bullet noses (see Figure 4-21) should be used for medians greater than 14 ft [4.3 m]
(the flat end parallel to the crossroad centerline). This accommodates left-turning vehicles
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and directs them into appropriate lanes on the crossroad because it allows the median nose to
match the turning path of the vehicle.

-

/ > 14 ft [4.3m]

A

Bullet nose fits path of turning vehicle
Figure 4-21. Example of Squared Bullet Nose Median End.

Profile. Curbed median noses should be ramped down (see Figure 4-22) and provided with
delineation devices to provide advance warning of their presence.” For details, the
AASHTO Green Book should be reviewed. Special care should be used to delineate
divisional island approach noses. If practical, raised texturized surfaces or jiggle bars may
be used to provide a transition section.

Figure 4-22. Ramped Down Median Nose.

Median Opening Design

Median opening designs for a variety of vehicle types are provided in the AASHTO Green
Book. Figure 4-23 shows a minimum design median opening designed using a passenger
car as a design vehicle. The turning path of a WB-50 [WB-15] is overlaid on the design,
showing that the truck would infringe on other lanes and possibly strike the curb on the turn
from the major roadway onto the minor roadway.
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I

3
R=40 ft [12 m] X

"r R=40 ft [12 m]

Figure 4-23. Minimum Design of Median Openings (WB-50 [WB-15], Control Radius of
40 ft [12 m]).?

If permitted, U-turning vehicles may also be considered in the selection of the median nose
shape. The U-turning vehicle is usually expected to proceed from a turning lane to the
outermost lane on the opposite side of the roadway. It may not be practical to accommodate
greater than passenger car or single-unit truck traffic.

Asymmetrical shapes may be used when vehicle turning paths warrant this type of design,
such as at intersections with one-way roadways or at skewed intersections.”

Median Opening Length. Minor roadway intersections may be accommodated by median
opening lengths as small as the width of the crossroad including shoulders; if the crossroad
is a divided highway, that length should include the width of the median. In most other
circumstances, however, the median opening length should be determined after
consideration of vehicle turning paths.

Median openings longer than 80 ft [24.4 m] should be avoided. The provision of
channelization, turning lanes, or reducing skew angles should be considered to reduce the
required median opening.

Island and Median Refuge

Medians and islands help pedestrians cross streets by providing refuge areas that are
physically separated from the vehicle path of travel. A median separates opposing lanes of
traffic, and an island is a defined area between traffic lanes used for the control of vehicle
movements. They both can provide a protected area within a crosswalk for pedestrians to
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wait to continue crossing the street. Medians and islands allow pedestrians to cross during
smaller gaps in traffic.

Pedestrian refuge islands (shown in Figure 4-24, Figure 4-25, and Figure 4-26) are
commonly installed on wide streets where adequate crossing time cannot be provided or
when the characteristics of the pedestrians indicate that some pedestrians might need more
time, or when space is available. Pedestrian refuge should be considered in all
reconstruction projects. Raised-curb corner islands and center channelizing or divisional
islands can be used as refuge areas.” Pedestrian refuge islands should include the following
characteristics:'*

¢ Iflandscaping is present, it should not obstruct:
e the pedestrian pathway,
e the visibility of the pedestrian and drivers to each other, or
o the sight distance at the intersection.
¢ It should be equipped with pedestrian actuation detectors at signalized crossings to

allow the pedestrian to recall the WALK phase if adequate time is not provided for a
full pedestrian crossing.

5ft[1.5m] x5 ft [1.5 m] min
Shared Landing

b

|*~ Stop Bar

Figure 4-24. Typical Layout of Curb Ramps at a Channelizing Island.

Figure 4-25. Curb Ramp at Median Islands."
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2-ft [0.6 m] strip if cut through is

greater than 4 ft [1.2 m] in length.

Otherwise place detectable

warning on the entire surface of 65

the cut through. 5/1.8

N

Figure 4-26. Cut through at Raised Median.*

Whether the median is raised or depressed, access to the crossing island and median is to be
functional and safe for all pedestrians. The island or median should be large enough to
enable a wheelchair to wait on a level landing, or a cut-through design should be provided.
The cut-through width should be the same as the complete width of the crosswalk. Cut-
through designs should be graded to drain quickly and may also require additional
maintenance such as sweeping, etc. An example of a cut through is shown in Figure 4-26.
Where the cut through connects to the street, the edges of the cut through should be aligned
with the direction of the crosswalk for a minimum length of 2 ft [0.6 m].

Application 4-10 <link> provides a review of some of the issues related to median design in
a design that considers the staged development of a roadway and its median. Consideration
of the impacts of the median width on pedestrians and vehicles is provided in the
application.
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Section 6
Bicycle Facilities

Overview

Bicycle facilities are defined as improvements made to accommodate or encourage
bicycling,” and include (but are not limited to) improvements such as:

¢ Bicycle lane: a portion of a roadway which has been designated by striping, signing,
and/or pavement markings for the preferential or exclusive use of bicyclists.'

¢ Shared roadway: a roadway which is open to both bicycle and motor vehicle travel.
This may be an existing roadway with wide curb lanes or a roadway with paved
shoulders."

The most complete source of bicycle facility design information is contained in AASHTO’s
Guide for the Development of Bicycle Facilities.” The AASHTO guide provides information
on the planning, design, construction, maintenance, and operation of bicycle facilities.

Bicycle Lane

Bicycle lanes are located at the right side of the roadway, and they carry bicycle traffic in
the same direction as the adjacent motor vehicle traffic; even on one-way roadways bicycle
lanes are still generally located on the right side of the roadway to avoid violating driver
expectancy.9

Minimum widths for bicycle lanes are 4 ft [1.2 m] if parking is not allowed, although 5 ft
[1.5 m] is recommended from the face of a curb or guardrail.” If parking is permitted the
bicycle lane should be 5 ft [1.5 m]. The recommended width of a bicycle lane from the face
of a curb or bridge rail is 5 ft [1.5 m]. The 5 ft width [1.5 m] should be sufficient in cases
where a 1 to 2 ft [0.3 to 0.6 m] gutter pan exists if the longitudinal joint between the bicycle
lane and the gutter pan is smooth. If the joint is not smooth then 4 ft [1.2 m] of ridable
surface should be provided. The width of the gutter pan should not be included in the
measurement of the ridable or usable surface, with the possible exception of those
communities that use an extra-wide, smoothly paved gutter pan that is 4 ft [1.2 m] wide as a
bicycle lane. In areas that allow parking, bicycle lanes should be 5 ft [1.5 m] in width and
located between the parking area and the motor vehicle lanes. Bicycle lanes should never be
placed between the parking lane and the curb. If parking is permitted but no parking stripes
or stalls are provided, the shared area should be 11 ft [3.4 m]. However, 13 ft [4.0 m] is
recommended where there is substantial parking or turnover of parked cars is high (e.g.,
commercial areas).

Bicycle lane markings should not extend across intersections in most cases, although in
some exceptionally complex intersections dotted guidelines may be used. Bicycle lane
markings should never cross crosswalks.” If no crosswalks are present the bicycle lane
markings should stop at the near side street property line extension and resume at the far
side street property line extension. Figure 4-27 shows typical markings for signalized or
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stop-controlled intersections and for a minor intersection with crosswalks, while Figure 4-28
shows typical markings at T-intersections.

R3-17
_._ R7 series sign
(as appropriate)

Minor intersection

3 50-200 ft [15-60 m] 3
3 R3-17 dotted line if bus stop =
2 R8-3a or heavy S
S right-turn volume =
o [
Q. Q.
2 g
= x<
P =
®

8 g
5 3
6 in [150 mm] <

§ solid line N
< . <
S 6in[150 mm] Optional 4 in 2
T solid line [100 mm] solid line &
S =
S Q
% R3-17 %
E _._ R7 series sign TU
o (as appropriate) Q
Q. Q
> =

R3-17
R8-3a _._ %@

Dotted line for bus stops
immediately beyond the
intersection is optional;
otherwise use 6 in

[150 mm] solid line

50-200 ft [15-60 m]
dotted line -
2 ft [0.6 m] dot,

|
|
[ | 6 ft [1.8 m] space

Figure 4-27. Bicycle Lane Marking Examples.’
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Bus Stop

T-intersection T-intersection
with painted crosswalks with painted crosswalks
and bus stops and no bus stops

T-intersection with
no painted crosswalks

Figure 4-28. Example of Bicycle Lane Marking at T-Intersections.’

The introduction of right-turn lanes at intersections complicates the design of bicycle lanes.
As Figure 4-29 shows, a number of paths may be used by motorists and bicyclists at
intersections with bicycle lanes. Figure 4-30 provides four potential alternatives for the
bicycle lane and turn lane layout. Locations with sufficient room should provide the marked
bicycle lane between the through traffic and the right-turning traffic, as shown in

Figure 4-30.
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Figure 4-29. Typical Bicycle and Motor Vehicle Paths at Major Intersections.’

Urban Intersection Design Guide

4-38

TxDOT 7/7/2005



Chapter 4 — Cross Section Section 6 — Bicycle Facilities
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R4-4 at beginning of
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Note: The dotted lines in cases "A" and "B" are optional (see case "C”)
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Figure 4-30. Illustration of Bicycle Lane Treatments at Location with Right-Turn Lane.’
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Shared Roadways

Bicycles will be used to varying extent on all roadways where they are legally permitted.
Design features that can make roadways more compatible to bicycle travel include:

¢

¢
¢
¢
¢
¢

bicycle-safe drainage grates and bridge expansion joints,
improved railroad crossings,

smooth pavements,

adequate sight distances,

signal timing and detector systems that respond to bicycles, and

shoulder improvements and wide curb lanes.

Signed shared roadways are those that have been identified by signing as preferred bicycle
routes. The addition of destination information, as shown in Figure 4-31, enhances the
functionality of the bicycle route signing.” Paved shoulder widths should be at least 4 ft
[1.2 m] (not including any gutter pan, if present, unless the pan width is 4 ft [1.2 m] or
greater) to accommodate bicycles. A 5-ft wide [1.5 m] shoulder is recommended in areas
with guardrail or roadside barrier. Wide curb lanes are preferred if shoulders are not
present. Curb lane widths exclusive of the gutter pan of 14 ft [4.3 m] are recommended,
although 15 ft [4.6 m] may be used where drainage grates, raised pavement markers, or
on-street parking effectively reduce the usable width.'
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&

Optional Destination Signing

In urban areas, signs should be placed every approx.1/4 mile [500 m],
at every turn, and at all signalized intersections.

Figure 4-31. Bicycle Route Signing.’
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Section 7
Shoulders and Parking

Overview

Although not frequently provided on urban streets, shoulders provide a number of important
functions:'

¢ Wide, surfaced shoulders provide a suitable, all-weather area for stopped vehicles to be
clear of the travel lanes.

¢ Shoulders lend lateral support to travel lane pavement structure.
¢ Shoulders provide a maneuvering area.
¢ Shoulders provide space for postal and other delivery vehicles to stop.
¢ Shoulders can be used by bicyclists.
Width

Design shoulder widths are provided in the Roadway Design Manual:'
¢ Reconstruction (4R) work:

e  Urban streets and frontage roads: Roadway Design Manual Table 3-1, Geometric
Design Criteria for Urban Streets <link>

e Suburban roadways: Roadway Design Manual Table 3-5, Geometric Design
Criteria for Suburban Roadways <link>

¢ Rehabilitation (3R) work:

e Roadway Design Manual Table 4-3, 3R Design Guidelines for Urban Streets All
Functional Classes <link>

e Roadway Design Manual Table 4-5, 3R Design Guidelines for Urban Frontage
Roads <insert>

Shoulder width consideration may also include the shoulder’s use as a de facto right-turn
lane. If shoulders are widened to explicitly permit the inclusion of a right-turn lane then it
eliminates the possibility of conflicts between vehicles turning right from the main lanes and
vehicles turning right from the shoulder.

Parking Lanes

As noted in the Roadway Design Manual', parking lanes may be provided rather than
shoulders on urban collector and local streets, although they are discouraged on arterial
streets because of the effect that vehicles entering and exiting parking spaces have on
capacity in the adjacent through lanes. Parking should be restricted (or replaced with a curb
extension) in locations where it interferes with sight distance (particularly intersection or
stopping sight distance) or operations. Parking is not permitted within 20 ft [6 m] of a
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crosswalk or within 30 ft [9 m] of the approach to Stop signs, Yield signs, or traffic control
signals.'® The Roadway Design Manual states that parking should be restricted 20 ft [6 m]
prior to the curb radius to meet these needs and to even provide a short right-turn lane if
desired.

Because erratic maneuvers may result if parking lanes are carried up to the intersection, the
designer can consider the following:

¢ prohibiting parking and creating a short turn lane, or
¢ providing a transition (also referred to as curb extensions or bulb) such as shown in
Figure 4-32.7

The use of a parking lane transition or curb extension may provide enhanced visibility to
pedestrians approaching the curb or awaiting a crossing opportunity, and shortens the time
required for them to cross the roadway. For further information, see Chapter 5, Section 5

<link>.
- T T2226ft . 20ft . 20ft -
y 6.6-78m]l [6m] | w | [6m] |
[8 1t 2.4 m] | |)(8ﬂ
[} [2.4 m]

Figure 4-32. Parking Lane Transition.?

Curb Offset

Although not defined as a “shoulder,” an offset of 1 to 2 ft [0.3 to 0.6 m] from the edge of
the travel lane to the face of the curb should be provided for curb-and-gutter sections.’

Urban Intersection Design Guide 4-44 TxDOT 7/7/2005



Chapter 4 — Cross Section Section 8 — References

Section 8
References

' Texas Department of Transportation. Roadway Design Manual. Revised April 2002.
http://manuals.dot.state.tx.us:80/docs/coldesig/forms/rdw.pdf. Accessed August 30, 2002.

* American Association of State Highway and Transportation Officials. A Policy on
Geometric Design of Highways and Streets. AASHTO, Washington, D.C., 2001.

* Connecticut Department of Transportation. Connecticut Highway Design Manual.
January 1999. http://www.dot.state.ct.us/bureau/eh/ehen/desserv/hdm/index.htm. Accessed
March 2002. (Chapter 11-5.06).

* Tarawneh, M.S., and P.T. McCoy. Effect of Offset Between Opposing Left-Turn Lanes on
Driver Performance. In Transportation Research Record 1523, TRB, National Research
Council, Washington, D.C., 1996, pp. 61-72.

> Staplin, L., K.W. Gish, L.E. Decina, K.H. Lococo, D.L. Harkey, M.S. Tarawneh, R. Lyles,
D. Mace, and P. Garvey. Synthesis of Human Factors Research on Older Drivers and
Highway Safety, Volume II: Human Factors and Highway Safety Research Synthesis.
FHWA-RD-97-095, Federal Highway Administration, 1997.

¢ Tarawneh, M.S., and P.T. McCoy. Guidelines for Offsetting Opposing Left-Turn Lanes on
Divided Roadways. In Transportation Research Record 1579, TRB, National Research
Council, Washington, D.C., 1997, pp. 43-52.

"McCoy, P.T., G. Pesti, P.S. Byrd, and V.A. Singh. Guidelines for Opposing Left-Turn
Lane-Line Widths. In Transportation Research Record 1751, TRB, National Research
Council, Washington, D.C., 2001, pp. 26-34.

® Neuman, T.R. NCHRP Report 279: Intersection Channelization Design Guide.
Transportation Research Board, National Research Council, Washington, D.C.,
November 1985.

’ American Association of State Highway and Transportation Officials, Task Force on
Geometric Design. Guide for the Development of Bicycle Facilities. AASHTO,
Washington, D.C., 1999.

' Texas Manual on Uniform Traffic Control Devices for Streets and Highways. Texas
Department of Transportation, 2003. http://www.dot.state.tx.us/TRF/mutcd.htm Accessed
January 30, 2004.

" Zeeger, C.V., C. Seiderman, P. Lagerwey, M. Cynecki, M. Ronkin, and R. Schneider.
Pedestrian Facilities Users Guide — Providing Safety and Mobility. FHWA-RD-01-102.
March 2002.

1> “Lane Widths, Channelized Right Turns, and Right-Turn Deceleration Lanes in Urban and
Suburban Areas,” NCHRP Active Project. May 20, 2003.
http://www4.trb.org/trb/crp.nsf/All+Projects/NCHRP+3-72. Accessed February 3, 2004.

B“Crossing Solutions at Roundabouts and Channelized Turn Lanes for Pedestrians with
Vision Disabilities,” NCHRP Research Problem Statement. January 13, 2004.
http://www4.trb.org/trb/crp.nsf/All+Projects/NCHRP+3-78. Accessed February 3, 2004.

" Institute of Transportation Engineers. Traffic Control Devices Handbook. J.L. Pline, editor.
IR-112. Washington, D.C., 2001.

" Texas Department of Transportation. Pedestrian Facilities, Intersection Layouts and
Detectable Warnings. PED Standard Sheet. March 2002.

Urban Intersection Design Guide 4-45 TxDOT 7/7/2005


http://manuals.dot.state.tx.us:80/docs/coldesig/forms/rdw.pdf
http://www.ct.gov/dot/site/default.asp
http://www.dot.state.tx.us/TRF/mutcd.htm
http://www4.trb.org/trb/crp.nsf/All+Projects/NCHRP+3-72
http://www4.trb.org/trb/crp.nsf/All+Projects/NCHRP+3-78

Chapter 4 — Cross Section Section 8 — References

'® Texas Legislature Online. § 545.302. Stopping, Standing, or Parking Prohibited in Certain
Places. May 2002. Available at
<http://www.capitol.state.tx.us/statutes/tr/tr054500.html#tr048.545.302>. Accessed
August 2003.

Urban Intersection Design Guide 4-46 TxDOT 7/7/2005


http://www.capitol.state.tx.us/statutes/docs/TN/content/htm/tn.007.00.000545.00.htm#545.302.00

Chapter 5
Roadside

Contents:
Section 1 — SIAEWALKS ......eeiiiiiiiiii et e 5-3
Section 2 — Horizontal ClEarance ............ocueoueeriiiiiiiieiiieicrceeeee et 5-9
Section 3 — LandSCaPING......cc.eoeiriiriirierieteeeee ettt 5-15
Section 4 — Street Furniture and FIXTUIES ........coooviiiiiiiiiiiiiiicceecceeeeeeee 5-19
Section 5 — Curb EXTENSIONS .....ccouviiiiiiiiiiieiie ettt ettt e 5-23
SECHION 6 —— BUS SOPS ..eevvieiiieiieiiieiie ettt et ettt e st eesbeesaaeesbeessaeeteesnaeenseesnnas 5-27
SeCtion 7 — LIGIEINEG. .. .iiiiiiieiiieciie ettt et e e e e e e e e enseeennes 5-35
SECtION 8 —— ULIIEIES ..ottt 5-39
Section 9 — REfRIENCES. ... coiuiiiiiiiiiiiie e 5-49

Urban Intersection Design Guide 5-1 TxDOT 7/7/2005






Chapter 5 — Roadside Section 1 — Sidewalks

Section 1
Sidewalks

Overview

Sidewalks provide distinct separation of pedestrians and vehicles, serving to increase
pedestrian safety as well as to enhance vehicular capacity. A sidewalk is a paved area
(typically concrete) that normally runs parallel to vehicular traffic and is separated from the
road surface by at least a curb and gutter.' Properly planned, designed, and constructed
sidewalks are essential for increasing pedestrian mobility, accessibility, and safety,
especially for persons with disabilities, older pedestrians, and children. A recent Federal
Highway Administration study” cited the presence of sidewalks in residential areas as the
one physical factor in the roadway environment having the greatest effect on pedestrian
safety.

Application 5-1 <link> discusses sidewalk considerations during a redevelopment of an
area.

Planning for Sidewalks

Sidewalks are typically an integral part of the transportation system in central business
districts. In rural and suburban areas, sidewalks are most justified at points of community
development such as at schools, recreation areas, and local businesses when these
developments result in pedestrian concentrations near or along the highways. In typical
suburban development, there are initially few pedestrian trips because there are only a few
closely located pedestrian destinations. However, when pedestrian demand increases with
additional development, it may be more difficult and more costly to install pedestrian
facilities if they were not considered in the initial design. Early consideration of pedestrian
facility design during the project development process may also greatly simplify compliance
with accessibility requirements established by the Americans with Disabilities Act
Accessibility Guidelines®and the Texas Accessibility Standards.”

In some cases the inclusion of sidewalks is left to the discretion of the engineer or planner
on a site-by-site or project-by-project basis. Some cities and communities have
requirements for the use and the design of the sidewalk that are based on functional
classification of the roadway. The ITE publication on Design and Safety of Pedestrian
Facilities’ includes general sidewalk installation guidelines that are based on land use,
roadway functional classification, and, in the case of residential areas, dwelling unit density.

When to Include Sidewalks on TXDOT Projects

Early in the project development process, several factors should be considered when
determining whether to include new sidewalks on a TxXDOT project. When any of the
following factors are present, sidewalks should be included on the project:

¢ The facility is part of a locally adopted sidewalk planning document.
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¢ There is evidence of pedestrian traffic (either pedestrians are observed, there is a beaten
down path, or significant potential exists for pedestrians to walk in the roadway).

¢ Facility is located on a route to a school or a transit route.

In addition, where pedestrian generators/attractors exist, new sidewalk construction may
also be considered.

It is important that walking be incorporated into the TxDOT system and that the facilities
constructed are usable by those with disabilities. Therefore, planning for these facilities
must occur early and continuously throughout project development.

Even when sidewalks are not incorporated into a project, they will likely be added in the
future. The designer can make the future addition of sidewalks much simpler by providing
preliminary grading that includes space for a future sidewalk and by designing driveways to
include an accessible path across them (see TxDOT Roadway Design Manual, Chapter 2,
Section 6, Sidewalks and Pedestrian Elements <link>).

Sidewalk Location

It is desirable to provide a buffer space between the traveled way and the sidewalk for
pedestrian comfort, especially adjacent to high-speed traffic. Figure 5-1 illustrates a buffer
zone. For curb and gutter sections, a buffer space of 3 ft [915 mm] or greater between the
back of the curb and the sidewalk is desirable. For rural sections without curb and gutter,
sidewalks should be placed between the ditch and the right-of-way line if practical.

C 3

M

Planter/furniture Pedestrian zone Frontage
zone zone
Curb zone
Total width

Figure 5-1. Sidewalks Zones.®
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ADAAG/TAS

Specific design minimum requirements to accommodate the needs of persons with
disabilities are established by the ADAAG® and TAS.* More generous values should be
utilized when possible. A request for a design variance for any deviations from TAS
requirements must be submitted to the Design Division for forwarding to the Texas
Department of Licensing and Regulation for approval.

Sidewalk Width

Sidewalks should be wide enough to accommodate the volume and type of pedestrian traffic
expected in the area. Following are suggested sidewalk widths:

¢ The minimum clear sidewalk width is 5 ft [1525 mm]. Any exception to this minimum
dimension must satisfy ADAAG/TAS requirements.

¢ Where a sidewalk is placed immediately adjacent to the curb, a sidewalk width of at
least 6 ft [1830 mm] (measured from back of curb) is desirable to allow additional space
for street and highway hardware and to allow for the proximity of moving traffic.

¢ Sidewalk widths of 8 ft [2.4 m] or more may be appropriate in commercial areas, along
school routes, and other areas with concentrated pedestrian traffic.

¢ The sidewalk width may be reduced to 4 ft [1.2 m] where necessary to cross a driveway
while maintaining the maximum 2 percent cross slope.

¢ The width may be reduced to 4 ft [1.2 m] for a length of 2 ft [0.6 m] maximum if
insufficient space is available to locate street fixtures (elements such as sign supports,
signal poles, fire hydrants, manhole covers, and controller cabinets), provided that
reduced width segments are separated by at least 5 ft [1.5 m] in length.

Cross Slope

Sidewalk cross slope is not to exceed 1:50 (2 percent). Due to construction tolerances, it is
recommended that sidewalk cross slopes be shown in the plans at 1.5 percent to avoid
exceeding the 2 percent limit when complete. Cross slope requirements also apply to the
continuation of the pedestrian route through the crosswalk. Sidewalks immediately adjacent
to the curb or roadway may be offset to avoid a non-conforming cross slope at driveway
aprons by diverting the sidewalk around the apron. Chapter 7, Section 1 <link> discusses
and shows examples of sidewalk treatments at driveways.

Grades

Steep grades create problems for pedestrians with mobility impairments. Wheelchair users
may travel quickly on downhill pathways but will travel much more slowly on uphill
segments and at greater expense of energy or battery reserves. Sidewalks should be
designed with the flattest grade possible to maximize accessibility. Wherever possible,
sidewalks and walkways should be designed with maximum grades of 5 percent (1:20).
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When the topography of an area has a steeper grade, the sidewalk may follow the grade of
the roadway.

Surfaces

The sidewalk surface treatment can have a significant impact on the overall accessibility and
comfort level of the facility. The ADAAG" requirement is that the surface be stable, firm,
and slip resistant. The preferred materials are Portland cement concrete (PCC) and asphaltic
concrete pavement (ACP). PCC (typically found in urban areas) provides a smooth, long-
lasting, and durable finish that is easy to grade and repair. ACP has a shorter life expectancy
but may be appropriate in less urban areas and park settings. Crushed limestone may be
used as an all-weather walkway surface in park settings or rural areas, but such paths
generally require a higher level of maintenance to maintain accessibility.

Sidewalks, walkways, and crosswalks can be constructed with bricks and pavers if they are
constructed to avoid settling or removal of bricks, which can create a tripping condition.
Stamping molds have also been used to create the visual appearance of bricks and pavers.
The technique has the advantages of using traditional concrete without some of the
maintenance issues associated with bricks and pavers. There are commercially available
products that produce a variety of aesthetically pleasing surfaces that are almost impossible
to distinguish from real bricks and pavers. Stamped surface treatments are not completely
without maintenance issues: the color has been known to fade, and there is usually little or
no attempt made to replicate the original pattern and color when utility cuts or sidewalk
repairs are made. In addition, stamped products should be selected carefully to ensure a
smooth ride for persons using wheelchairs.

A disadvantage of either real or stamped brick sidewalks is the problem that seemingly
small surface irregularities pose for wheelchair users with spinal injuries. However, it is
possible to enhance sidewalk aesthetics while still providing a smooth walking surface by
combining a concrete main walking area with brick edging where street furniture (lights,
trees, poles, etc.) can be placed.

Street Furniture

Street furniture includes items intended for use by the public such as benches, public
telephones, bicycle racks, and parking meters. Special consideration should be given to the
location of street furniture. A clear ground space at least 2.5 ft x 4 ft [760 mm x 1220 mm)]
with a maximum slope of 2 percent must be provided and positioned to allow for either
forward or parallel approach to the element in compliance with ADAAG® or TAS." The
clear ground space must have an accessible connection to the sidewalk. The draft guidelines
for ADAAG’ state that the clear ground space can overlap the pedestrian route a maximum
of 12 inches [305 mm]. Additional information on street furniture is provided in Chapter 5,
Section 4 <link>.
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Street Crossings

Intersections can present formidable barriers to pedestrian travel. Intersection designs that
incorporate properly placed curb ramps, sidewalks, crosswalks, pedestrian signal heads, and
pedestrian refuge islands can provide a pedestrian-friendly environment. Desirably, drainage
inlets should be located on the upstream side of crosswalks and sidewalk ramps. Refuge
islands enhance pedestrian comfort by reducing effective walking distances and pedestrian
exposure to traffic. Islands should be a minimum of 5 ft wide [1525 mm)] to afford refuge to
wheelchair users. A minimum 5 ft width [1525 mm] should be cut through the island for
pedestrian passage, or curb ramps with a minimum 5 ft X 5 ft [1525 mm X% 1525 mm]
landing should be provided in the island. Additional information on street crossing issues is
included in Chapter 7 <link>.

Curb Ramps and Landings

Curb ramps must be provided in conjunction with each project where the following types of
work will be performed:

¢ resurfacing projects, including overlays and seal coats, where a barrier exists to a
sidewalk or path;

¢ construction of curbs, curb and gutter, and/or sidewalks;
¢ installation of traffic signals with pedestrian signals; and

¢ installation of pavement markings for pedestrian crosswalks.

Discussion on design criteria for curb ramps and landings is presented in Chapter 7,
Section 1 <link>.

Sidewalk Considerations

Sidewalks should be continuous and installed to the recommended widths, exclusive of
street furniture and other appurtenances. Discontinuous sidewalks and street appurtenances
located within the sidewalk can create problems for pedestrian access or safety (see

Figure 5-2 through Figure 5-4).
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.

Figure 5-2. Discontinuous Sidewalk to Bus F-igure 5-3. Discontinuous Sidewalk to

Stop. Mailbox.
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Section 2
Horizontal Clearance

Overview

A clear recovery area, or horizontal clearance, should be provided along roadways as
practical. Ideally this area would be free of obstacles such as unyielding sign and luminaire
supports, non-traversable drainage structures, utility poles, and steep slopes. Note that
horizontal clearance involves a series of compromises between “absolute” safety and
engineering, environmental, and economic constraints.

Horizontal Clearance

The TxDOT Roadway Design Manual® and the AASHTO Roadside Design Guide’ provide
discussion on principles and criteria for horizontal clearances. Table 5-1 is a reproduction of
the Roadway Design Manual Table 2-11 <link>. The horizontal clearance values shown in
Table 5-1 are measured from the edge of the travel lane unless otherwise indicated.

Protruding Objects

Obstacles on the roadside can encroach into the pedestrian’s path of travel and be difficult
for visually impaired pedestrians to detect with a cane. The typical cane techniques do not
locate objects extending into the travel path above 15 to 27 inches [38 to 69 cm] before
contact with the body (see Figure 5-5). Figure 5-6 provides examples of objects in the
roadside and the recommended protrusion limits. Generally objects with leading edges more
than 27 inches [685 mm] and not more than 80 inches [2030 mm] above the finish floor or
ground may protrude 4 inches [100 mm] maximum horizontally into the circulation path.
Guardrails or other barriers shall be provided where the vertical clearance is less than

80 inches [2030 mm]. An example of this situation might be under a stairway. The leading
edge of such guardrail or barrier shall be located 27 inches [685 mm] maximum above the
finish floor or ground. An exception is that door closers and door stops shall be permitted to
be 78 inches [1980 mm] minimum above the finish floor or ground.
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4in [101 mm]
Protected maximum

Cane Detectable
Range

—
Figure 5-6. Post-Mounted Objects (Post-Mounted Objects Seen in Elevation, Dimensioned
to Indicate 4 inch [101 mm] Maximum Protrusion).*

Placement of Poles

TRB State of the Art Report 9'' (Utilities and Roadside Safety) provides the following
guidance on locating poles.
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Lane Drops and Roadway Narrowing. Placement of poles downstream of a lane drop or
the area where the roadway narrows should be discouraged. This is especially important
when it can be reasonably foreseen that an inattentive or physically impaired driver might
not be able to accurately perceive the lane drop or lane narrowing. These situations are
presented in Figure 5-7 and Figure 5-8. Another cause of this problem is a traffic conflict,
where a driver is prevented by another vehicle from changing lanes or moving laterally. If it
is impractical to span the critical zone without a pole, consideration should be given to the
use of a guardrail or crash cushion.

O—

N — — — —
N

— — —

®
2 000@3 ~pole

Lane Drop
Figure 5-7. Exposure of Vehicle to Utility Pole Downstream of Lane Drop.™

—

gy (5 CE

Figure 5-8. Placement of Pole Downstream of Roadway Narrowing.™

Traffic Island. Placement of poles on a traffic island should be strongly discouraged.
Islands are an element of traffic control at an intersection and are usually located within the
boundaries of the traveled way. As such, they are likely to be occasionally traversed by
errant vehicles. This traversal should not be prevented by a utility pole placed as indicated
in Figure 5-9. If placement of a utility pole on an island is a practical necessity,
consideration should be given to protecting errant vehicles with a crash cushion.

Urban Intersection Design Guide 5-11 TxDOT 7/7/2005



Chapter 5 — Roadside Section 2 — Horizontal Clearance

Figure 5-9. Inappropriate Location of Poles within a Traffic Island or Median."*

Medians. Placement of poles in medians, as indicted in Figure 5-9, should be strongly
discouraged. Medians are safeguards against head-on collisions and, as such, provide space
for errant vehicles to regain control or space for installation of median barriers. A pole or
pole line in a median should be considered only if vehicles can be completely shielded from

the poles by median barriers. Luminaires are often placed in protected positions on top of
median barriers.

Traffic Conflicts. Where critical traffic conflicts can be foreseen, especially at intersections
of high-speed roadways, pole placement may be designed to avoid the most critical
secondary collisions. For example, if the major roadway is in a north-south direction and
the minor roadway is east-west, the most critical quadrants for a secondary collision
(collision of a vehicle with a pole after an initial two-vehicle collision) are the northeast and
southwest quadrants. Thus, the preferred placement for poles at this intersection would be
in the northwest and/or southeast quadrants, as indicated in Figure 5-10.

Highest Exposure
Due to
Secondary Impact

Initial Impact

AV, | | Ao
A c‘;?ﬂ Low Speed
Q' Feeder Street
N &
Q A
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©» Q@
&

|

Initial Impact

Highest Exposure
Due to
Secondary Impact

High Speed
Major Arterial

Figure 5-10. Intersection Zones Having Highest Exposure to Secondary Collisions.™
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Table 5-1. Horizontal Clearances.?

U.S. Customary Metric
Location | Functional | Average | Design | Horizontal Clearance | Design | Horizontal Clearance
Classification | Daily | Speed Width (ft) ~©PE Speed Width [m]*CPE
Traffic® | (mph) | Minimum | Desirable | (kM) | Minimum | Desirable
Suburban All <8000 All 10" 10" All 3.0° 3.0°
Suburban All 8000- All 10 20" All 3.0 6.0"
12,000
Suburban All 12,000- | All 10" 25" All 3.0 7.6"
16,000
Suburban All >16,000 | All 20" 30 All 6.0 9.0
Suburban Freeways All All 30 (16 for ramps) All 9.0 (4.9 for ramps)
Urban All (Curbed) All >50 Use above suburban >80 Use above suburban
criteria insofar as criteria insofar as
available border width available border width
permuts. permuts.
Urban All (Curbed) All <45 1.5 from 3.0 <70 0.5 from 1.0
curb face curb face
Urban All All >50 Use above suburban >80 Use above suburban
(Uncurbed) criteria. criteria.
Urban All All <45 10 - <70 3.0 -
(Uncurbed)

“Because of the need for specific placement to assist traffic operations, devices such as traffic signal supports,
railroad signal/warning device supports, and controller cabinets are excluded from horizontal clearance
requirements. However, these devices should be located as far from the travel lanes as practical. Other non-
breakaway devices should be located outside the prescribed horizontal clearances or these devices should be
protected with a barrier.

B Average Daily Traffic (ADT) over project life, i.e., 0.5 (present ADT plus future ADT). Use total ADT on
two-way roadways and directional ADT on one-way roadways.

“Without barrier or other safety treatment of appurtenances.

PMeasured from edge of travel lane for all cut sections and for all fill sections where side slopes are 1V:6H or

flatter. Where fill slopes are steeper than 1V:6H it is desirable to provide an area free of obstacles beyond the
toe of slope.

*Desirable, rather than minimum, values should be used where feasible.

"Purchase of 5 ft [1.5 m] or less of additional right of way strictly for satisfying horizontal clearance
provisions is not required.
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Section 3
Landscaping

Overview

Landscaping is used to enhance the appearance of roadways and highways. It can help to
define the character of the corridor or region or illustrate a community’s value. Figure 5-11
shows an example of landscaping added in the median of a major thoroughfare to help
define the importance of the roadway and the neighboring developments. Landscaping is
also being considered for slowing or “calming” of traffic to enhance safety. It can consist
of continuous plantings along a street (see Figure 5-12) or as a treatment to define the
entrance of a community, development, or roadway (see Figure 5-13). Trees are also used
to provide shade for pedestrians waiting at a bus stop or walking along a street (see

Figure 5-14).

Many of the landscaping features, however, are considered fixed objects and should not be
located within the design horizontal clearance. Reducing existing, wider horizontal
clearance area by introducing fixed objects, reduces the recovery distance available for
errant vehicles.

Figure 5-12. Example of Continuous
Landscaping to Encourage Lower
Operating Speeds.

Figure 5-11. Example of Landscaping along a
Major Street.
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ey i 55
Figure 5-13. Example of an Entrance Figure 5-14. Example of Landscaping at a
Treatment to a Development. Bus Stop That Provides Shade.

Sight Distance and Landscaping

When making landscaping decisions, designers should consider several criteria including
aesthetics, erosion-control needs, maintenance requirements, future sidewalks, utilities, etc.
Sight distance and clearance to obstructions also need to be considered, especially at
intersections (see Figure 5-15). Information on determining the sight triangle is included in
Chapter 3, Section 1 <link>.

Plants with the potential of blocking a sign should not be placed in front of the face of any
sign (see Figure 5-16). The landscape designs should be arranged to permit a sufficiently
wide, clear, and safe pedestrian walkway. Tree limbs will not be evident to visually
impaired pedestrians and should be kept trimmed to provide 80 inches [2030 mm] minimum
vertical clearance above the sidewalk. Vegetation should not be permitted to create a
protrusion into the pedestrian area (see Chapter 5, Section 2 <link>). The check on
landscaping height and width should occur both for the initial installation and for the
anticipated growth of the vegetation.
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Figure 5-15. Plant Use in Intersection Areas Must Be Limited to Low-Growing Varieties to
Provide for a Clear Sight Triangle.*
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Figure 5-16. Example of Landscaping Near Sign.*
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References Available

Two AASHTO publications that discuss landscaping issues are A Guide for Transportation
Landscape and Environmental Design'® and the Roadside Design Guide.” The Guide for
Transportation Landscape and Environmental Design'’ report was revised in 1991 and was
expanded to include all modes of transportation and interaction of landscape considerations
with transportation improvements. It is a basic reference to improve landscape and
environmental design. The Third Edition of the Roadside Design Guide’ was published in
2002 and is a synthesis of current information and operating practices related to roadside
safety. It focuses on safety treatments that can minimize the likelihood of serious injuries
when a motorist leaves the roadway. TxDOT also has the Landscape and Aesthetics Design
Manual available online."

National Cooperative Highway Research Program (NCHRP) Project 16-04

There are needs to (1) identify landscape designs that have performed acceptably and

(2) develop new design guidelines that enhance the roadside environment while being
forgiving to errant vehicles. The objectives of an NCHRP project that began in

October 2003 are to develop (1) design guidelines for safe and aesthetic roadside treatments
in urban areas and (2) a toolbox of effective roadside treatments that (a) balance pedestrian,
bicyclist, and motorist safety and mobility and (b) accommodate community values.'* The
guidelines are to be based on an evaluation of the effects of treatments such as trees,
landscaping, and other roadside features on vehicle speed and overall safety. The guidelines
will generally focus on arterial and collector-type facilities in urban areas with speed limits
between 25 and 50 mph [40 and 81 km/h].
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Section 4
Street Furniture and Fixtures

Overview

Street furniture can provide comfort and convenience along a roadway or at an intersection.
Street furniture includes features used by pedestrians such as benches and bus shelters along
with bicycle racks, drinking fountains, and telephones. Street fixtures include those devices
that are not generally used by pedestrians, such as utility poles, fire hydrants, drainage
grates, and signal controller cabinets.

Placement

When determining the placement of both street furniture and street fixtures, the designer
needs to consider both pedestrian and vehicular needs. Poorly placed objects can affect:

¢ pedestrians’ movement or become an obstacle for pedestrians (see Figure 5-17),
¢ sight distance between drivers,
¢ sight distance between drivers and pedestrians, and

¢ the safety of the roadside by becoming a roadside object.

Figure 5-18 is an example of artwork located on a sidewalk. Art in downtowns and
neighborhoods can improve the aesthetics of an area; however, it needs to be placed so that
it does not become an obstacle to pedestrian movement. In Figure 5-18 the artwork was
aligned with the urban landscaping and appears to have a minimal impact on the pedestrians
moving alongside it.

N\

/ I \ .-
Figure 5-18. Example of Artwork in
Downtown Area (Seattle, WA).

Figure 5-17. Example of Street Furnitgré.--

Planters can also improve the aesthetics of an area. Figure 5-19 shows the use of planters
alongside a roadway and along the curb return. There is a wide gap in the planters at the
crosswalks so that the pedestrians can access the street to cross it. Even though a gap is
provided at the crosswalk, pedestrians are still moving between the planters to cross the
streets, and the planters appear to have a significant impact on pedestrian movement.
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Figure 5-20 shows another example of planters at an intersection. In this situation fewer but
larger planters are used resulting in more open sidewalk area.

Figure 5-20. mp e of a Planter at an Intersection.
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Accessibility Requirements for Street Furniture and Fixtures

Street furniture shall have clear floor or ground space of 30 inches [0.8 m] by 48 inches

[1.2 m] minimum.’ The street furniture is to be connected to the pedestrian route, and the
draft accessibility guidelines’ propose to allow the clear floor or ground space to overlap the
pedestrian route by 12 inches [305 mm] maximum. Street furniture and fixtures should not
encroach into the minimum 5 ft [1.5 m] sidewalk width.

Placement of Street Furniture with Respect to On-Street Parking

Placement of street furniture near on-street parking can make exiting a lift-equipped vehicle
difficult. One remedy is to have street furniture or fixtures, such as benches, telephone
poles, or streetlights, placed at the ends of parking spaces rather than in the middle of
parking spaces.

Drainage Grates

Drainage grates, particularly those with parallel bars, can cause problems for wheelchair,
bicycle, stroller, walker, and crutch or cane users. Whenever possible, drainage grates
should be placed outside of the pedestrian travel way. However, if unavoidable, the
openings on the grates should not exceed 0.5 inches [13 mm] in width, should be mounted
flush and level with the surrounding sidewalk surface, and should be placed so that the long
dimension is perpendicular to the dominant direction of travel. This dimension also applies
to manhole covers, hatches, vaults, and other utility coverings. Additional information on
drainage issues is provided in Chapter 6 <link>.
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Section 5
Curb Extensions

Overview

Curb extensions exist when the sidewalk extends across the parking lanes to the edge of the
travel lanes (see Figure 5-21). They are used in areas with high pedestrian activity
(downtowns, neighborhoods, etc.) where there is a need to shorten crossing distances and to
improve the visibility of pedestrians. Curb extensions also are called pedestrian bulbs,
bulbouts, knuckles, and intersection narrowing.

This treatment also minimizes the impact of parked vehicles on pedestrian visibility.
Pedestrians’ height is increased by the height of the curb when standing at the end of the
bulb (which is typically at or near the edge of the travel lane). When space limitations
prevent the inclusion of amenities, curb extensions create additional sidewalk space that
could be used for street furniture, a bus stop, seating for a café, or additional room for
general pedestrian traffic (see Figure 5-22). Curb extensions self-enforce parking
restrictions near the intersection and provide additional space in which to construct curb

ramps.

Figure 5-21. Example of a Curb Figure 5-22. Example of a Curb Extension
Extension. with Landscaping and a Bench.

Advantages and Disadvantages

Advantages of curb extensions include the following:

¢ Reduce the distance that pedestrians travel in the street and the potential for being
struck by a vehicle.

Make streets more pedestrian friendly.
Add sidewalk space for the installation of a curb ramp in a narrow sidewalk.

Slow the speed of turning vehicles by tightening the corner radius.

® & o o

Improve the visibility of pedestrians by placing them where drivers can see them and
where parked vehicles do not obscure their presence.
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¢

Make it difficult for drivers to park illegally at the corners of intersections.

Disadvantages of curb extensions include the following:

¢ Impact turning ability of trucks and other heavy vehicles.

¢ Increase chance that pedestrians may be hit by drivers at night and in inclement weather
conditions (e.g., snow) when parked vehicles are not present.

¢ Result in no buffer existing between the pedestrian waiting at the curb and the passing
vehicles.

¢ Pose obstacles to street sweepers and snowplows.

¢ May result in merchant objections to loss of on-street parking.

¢ May result in drainage problems or trash accumulation.

¢ Increase potential for conflicts between bicyclists and motorists.

Bus Bulbs

Placing a bus stop at a curb extension (also called a bulb) can provide several advantages to
both the bus patrons and pedestrians. In these cases the treatment has been called a bus bulb
or a bus nub.

¢

Figure 5-23. Examplé of Bus Bulb.

The bus bulb creates additional area for pedestrians to walk and for patrons to wait for a
bus (see Figure 5-23).

The bulb can also provide space for bus patron amenities, such as shelters and benches,
and for additional landscaping to improve the visual environment.

The replacement of a bus bay in a parking lane with a bus bulb can result in additional
parking spaces because the bulb does not require the inclusion of weaving space for a
bus to enter the bay.

The bulb can be the length of the bus or the minimum length required for boarding and
alighting activities.

A late 1990s research project found the replacement of a bus bay with a bus bulb improved
vehicle and bus speeds on a corridor in San Francisco.”” Buses experienced approximately a
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7 percent increase (about 0.5 mph [0.8 km/h]) in both the northbound and southbound
directions. Vehicle speeds also improved by as much as 7 mph [11.3 km/h]. Reductions in
travel speeds are assumed to be the consequence of installing bus bulbs because buses are
stopping in the travel lane rather than moving into a bus bay. In the before period when the
bus bay configuration was present, the majority of the buses stopped partially or fully in the
travel lane rather than pulling into the bay. In addition, buses pulling away from the bay
sometimes used both travel lanes to complete the maneuver. The number of buses affecting
vehicles in the outside travel lane may not have greatly changed after the bulb’s installation.
The number of buses affecting vehicles in both travel lanes did decrease because bus drivers
no longer needed to use both travel lanes to leave the bus stop.

Additional information on bus bulb performance and recommendations on their use is
contained in Evaluation of Bus Bulbs."> Figure 5-24 is a schematic of typical bus bulb
dimensions determined as part of that study.
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Overview

Section 6
Bus Stops

Transit needs to be an integral part of a transportation system for the system to efficiently
serve the state’s transportation needs. As a result of this expanded multi-modal approach to
transportation planning, there is a need to incorporate provisions for transit vehicles and
services into the department’s roadway planning, design, and operation guidelines.

Following is a summary of bus stop design issues as related to intersections.

Application 5-2 <link> presents an example where a bus stop is moved.

Placement of Bus Stop

Bus stops can be located far-side, near-side, or at midblock in relationship to an intersection
(see Table 5-2). Some communities have a strong preference for the use of farside or
nearside bus stops and attempt to use only one or the other to achieve a consistent type of
location for all bus stops. Other communities are not as strict and will select different
locations based on the characteristics present at the proposed bus stop location.

Table 5-2. Bus Stop Placements. *°

Placement Definitions Advantages Disadvantages
Farside The bus stops This type of stop minimizes Disadvantages include that an increase in
Bus Stop | immediately after | conflicts between buses and the number of rear-end crashes may occur
passing through vehicles turning right from the | since drivers do not expect buses to stop
an intersection. roadway with the transit route. | again after stopping at a red signal
It also encourages pedestrians | indication or that the traffic stopped
to cross behind the bus. behind the bus could queue into the
intersection.
Nearside | The bus stops Patrons can board and alight Stopping at the near-side of an intersection
Bus Stop | immediately prior | while the bus is stopped at a red | can increase conflicts with right-turning
to an intersection. | signal indication, and the bus vehicles and could limit sight distance to
driver has the width of the curbside traffic control devices and
intersection available for crossing pedestrians.
pulling away from the curb.
Midblock | The bus stops It can minimize intersection It encourages patrons to cross the street at
Bus Stop | within the block. | sight distance restrictions for midblock or it could increase walking
vehicles and pedestrians. distance.
Types of Stops

Various roadway configurations are available to accommodate bus service at a stop,

including:

¢ Curbside stop — buses stop in the travel lane alongside the curb.

¢ Bus bay (with or without acceleration and deceleration lanes) — buses move from the
travel lane into a bay that is separated from the main lanes. The bay allows through
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traffic to flow freely without being impeded by the stopped buses. They can be
advantageous at locations where the bus operator is scheduled for a break or at timed
stops where the bus must wait until a specific time even if running ahead of schedule.

¢ Open bus bay — similar to a far-side bus bay; however, the bay is open to the
intersection (no deceleration length is needed as the bus can decelerate while moving
through the intersection).

¢ Queue jumper bus bay — an open bus bay with an upstream right-turn lane. The bus
can enter the right-turn lane and bypass the queue of through vehicles stopped at the
upstream traffic signal.

¢ Bulb — the sidewalk is extended through a parking lane and the bus stops in the travel
lane while servicing the bus stop. Bus bulbs have several qualities similar to curb
extensions or pedestrian bulbs (see Chapter 5, Section 5) <link>.

Table 5-3 lists advantages and disadvantages of the various bus stop configurations.

Table 5-3. Advantages and Disadvantages of Bus Stop Configurations.'®

Type of Advantages Disadvantages
Stop

Curbside Provides easy access for bus drivers Can cause traffic to queue behind stopped bus,
and results in minimal delay to bus thus causing traffic congestion
Is simple in design and easy and May cause drivers to make unsafe maneuvers
inexpensive for a transit agency to when changing lanes in order to avoid a stopped
install bus

¢ Is easy to relocate

Bus Bay | ¢ Allows patrons to board and alight out May present problems to bus drivers when
of the travel lane attempting to re-enter traffic, especially during
Provides a protected area away from periods of high roadway volumes
moving vehicles for both the stopped Is expensive to install compared with curbside
bus and the bus patrons stops

¢ Minimizes delay to through traffic ¢ Is difficult and expensive to relocate

Open Bus | ¢ Allows the bus to decelerate as it See Bus Bay disadvantages

Bay moves through the intersection
See Bus Bay advantages

Queue ¢ Allows buses to bypass queues at a May cause delays to right-turning vehicles when

Jumper signal a bus is at the start of the right-turn lane

Bus Bay See Open Bus Bay advantage See Bus Bay disadvantages

Bus Bulb | ¢ Removes fewer parking spaces for the | ¢ Costs more to install compared with curbside
bus stop stops
Decreases the walking distance (and See Curbside disadvantages
time) for pedestrians crossing the street
Provides additional sidewalk area for
bus patrons to wait
Results in minimal delay for bus

Bus Stop Zone

A bus stop zone is the portion of a roadway marked or signed for use by buses when loading
or unloading passengers. The lengths of bus stop zones vary among transit agencies and
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cities. Representative dimensions for bus stop zones are illustrated in Figure 5-25. If the
bus zone is located in an area where parking is permitted, the zone length is marked to keep
the area free of parked or stopped cars.
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1) Add 20 ft to bus stop zones for an articulated bus.

2) Increase bus stop zone by 50 ft for each additional standard 40 ft bus or 70 fi for each additional 60 ft
articulated bus expected to be at the stop simultaneously. See Table 3 for the suggested bus stop capacity
requirements based on a range of bus flow rates and passenger service times.
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Figure 5-25. Typical Types of and Dimensions for On-Street Bus Stops.'

Grade

Selection of the roadway grade is related to topography and existing development; however,
the grade should be as flat as possible (< 2 percent preferred) for efficient deployment of a
wheelchair lift.
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Grade Changes

The recommended grade change between a street and a driveway for buses is 6 percent or
less.

Roadside Considerations

Buses generally travel in the traffic lane closest to the curb because of their need to make

frequent stops. Therefore, consideration of the following bus clearance requirements in
roadway design is important:

¢ Overhead obstructions should be a minimum of 12 ft [3.7 m] above the street surface.

¢ Obstructions should not be located within 2 ft [0.6 m] of the edge of the street to avoid
being struck by a bus mirror.

Lane Width

A traffic lane used by buses should be no narrower than 12 ft [3.7 m] in width because the
maximum bus width (including mirrors) is about 10.5 ft [3.2 m]. Desirable curb lane width
(including the gutter) is 14 ft [4.3 m].

Curb Height

An appropriate curb height for efficient passenger-service operation is between

6 and 9 inches [152.4 and 228.6 mm)]. If curbs are too high, the bus will be prevented from
moving close to it, and the operations of a wheelchair lift could be negatively affected. If
curbs are too low or not present, older persons and passengers with mobility impairments
may have difficulty boarding and alighting.

Curb Radii

The corner curb radii used at intersections can affect bus operations when the bus makes a
right turn. A trade-off in providing a large curb radius is that the crossing distance for
pedestrians is increased, which increases the pedestrians’ exposure to on-street vehicles.
This can influence how pedestrians cross an intersection. The additional time that a

pedestrian is in the street because of larger curb radii should be considered for signal timing
and median treatment decisions.

The design of corner curb radii should be based on the following elements:
¢ design vehicle characteristics, including bus turning radius;

¢ width and number of lanes on the intersecting street;

¢ allowable bus encroachment into other traffic