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ERRATA FOR TEXAS HIGHWAY OPERATIONS MANUAL

The user should make the following corrections to the Texas Highway Operations Manual:

Page Line Correction
i -— Change "Maintenance and Operations Division" to "Traffic Operations
Division."

iii ~ next to last Change "Transportation Planning Division (D-10R)" to "Office of
Research and Technology Transfer (RTT)."

1-7 next to last Change "Transportation Planning Division (D-10R)" to "Office of
Research and Technology Transfer (RTT)."

1-21 1 Add "weight" to list of vehicle characteristics.

1-31 16, 18 Change the number of Table 1-1 to Table 1-2.

1-32 12 Change "may lead to a failure of service" to "may lead to a failure to
provide adequate service"

2-17 4 Delete the last word of the paragraph - "interchanges."”

2-17 10 Change "Frontage" to "frontage."

2-17 17 Insert "during maintenance operations,” following "such as."

3-40 2 Change "markings are worn" to "markings are worn or pavement is wet
at night."

89 19 Change "represent” to "represents."

9-19 19 Change "Section 2, Segment 3.0" to "Section 6."
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IMPLEMENTATION STATEMENT

This edition of the Texas Highway Operations Manual is an interim version which has been
developed by the Texas Transportation Institute as part of a five year research study on urban
highway operations. Portions of the manual will be updated throughout the study period as
new research findings become available. The final version of the manual will be published at
the end of the research study. Your comments about interim versions of this manual are
encouraged along with suggestions for additional information to be included or areas which
need to be added. Examples of the application of the principles described in the manual are
also requested. Please contact the Texas Transportation Institute at the address below with
any comments or suggestions about the Manual or its contents.

Thomas Urbanik

Study Supervisor

Texas Transportation Institute
Texas A&M University

College Station, Texas 77843-3135

The user of this manual should contact the Communications Program at the Texas
Transportation Institute to order future updates to the Texas Highway Operations Manual.

Communications Program

Texas Transportation Institute
Texas A&M University System
College Station, Texas 77843-3135
(409) 845-1734

DISCLAIMER

The contents of this report reflect the views of the authors who are responsible for the
opinions, findings, and conclusions presented herein. This study was conducted in
cooperation with the U.S. Department of Transportation, Federal Highway Administration.
The contents do not necessarily reflect the official views or policies of the Federal Highway
Administration or the Texas Department of Transportation. This report does not constitute a
standard, specification, or regulation, and is not intended for construction, bidding or permit

purposes.
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Chapter 1 - Introduction to Operations Manual Section 1 - Overview

OVERVIEW

Traditionally, traffic operations have been concerned primarily with the mechanics of
traffic control devices in order to make the most effective use of existing highways. The
assumption was that with enough signs, signals, and markings, any highway design could
be made to operate satisfactorily. As a result, the design and construction of a highway
was sometimes completed before due consideration was given to the operating
characteristics of that facility.

Over the years, experience has shown that highway designs that consider operational
issues can be operated with a minimum number of traffic control devices, but highway
designs based only on minimum geometric standards may not operate satisfactorily under
higher traffic volumes, regardless of how many traffic control devices are used. An

effective design process requires all highway factors to be considered so that a balanced
facility can be achieved.

The Texas Highway Operations Manual promotes the concept that highway operations is a
partner with planning, design, construction, maintenance, finance, and administration.
The manual is also intended to show how various highway factors can be combined to
provide the best possible operations under the prevailing conditions.
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Chapter 1 - Introduction to Operations Manual Section 2 - Highway Operations

HIGHWAY OPERATIONS

The term highway operations is used to describe the interaction of vehicles within the
traffic stream, given the limitations controlling that interaction, such as geometric design,
traffic control, vehicle characteristics, and driver characteristics. Highway operations are
also the yardstick by which the user measures the quality of the facility. The highway
characteristics which matter most to the driver are speed of travel, safety, comfort, and
convenience. Drivers have been conditioned to expect a certain standard of excellence on
Texas highways. The engineer’s challenge is to provide the best possible level of service
within budget constraints and the limitations of the design process.

1.0 Need for Addressing Operations

The need for considering highway operations has become more evident in recent years as
the demand for highway facilities has increased faster than the supply of urban highway
lane-miles. The result has been an increase in traffic congestion and motorists’ delay
together with a reduction in operational efficiency. Congestion in Texas now costs
billions of dollars each year in excessive delays, fuel consumption, and air pollution.

This manual provides engineers with the operational concepts and tools needed to
accomplish the Department’s mission of providing a safe, economical, effective, and
efficient highway transportation network. Improving highway operations provides a more
cost effective means of addressing highway needs in the state. An aggressive program to
address congestion through a highway operations program will pay dividends in improved
operations and better motorist satisfaction.

2.0 Benefits of Improved Operations

Improving highway operations results in improved safety, better utilization of available
capacity, reduced fuel costs, improved air quality, greater trip reliability, and reduced
travel time. Projects that improve operations have produced Benefit/Cost ratios of 10:1
or more. Improved highway operations helps develop public support for other highway
activities.

3.0 Purpose and Objectives of the Texas Highway Operations Manual
The overall purpose ©f the Texas Highway Operations Manual is to provide, in one
comprehensive document the means by which department engineers can obtain the

knowledge needed to improve highway operations. The manual is intended to satisfy the
following requirements and objectives:

continued
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3.0 Purpose and Objectives of the Texas Highway Operations Manual (continued)

¢ Have application to all aspects of highway planning, design, construction,
maintenance, and administration.

¢ Be useful in congested urban areas, as well as suburban and rural areas.

¢ Serve as a primary tool for implementing the findings of operations research.

¢ Be compatible with other Department manuals.

¢ Contain state-of-the-art information which can be updated and revised as needed.

4.0 Institutional Considerations

Improving highway operations requires cooperation between the appropriate agencies and
jurisdictions in all phases of highway operations. In addition to the Texas Department of
Transportation, other agencies which may be involved in operations include city or county
transportation or public works departments, state, city and county law enforcement
agencies, transit agencies, emergency services, and others. The Traffic Management
Team (TMT) provides a means for communications between these various agencies.
Chapter 6 contains additional information about the TMT.

5.0 Use of the Texas Highway Operations Manual

This manual is intended for use at all levels in many different areas including, planning,
design, traffic engineering, construction, and maintenance. It describes operational
concepts that have application to all situations, rural as well as urban. These concepts
will be of greatest benefit when applied at the beginning of a project and followed
throughout the project’s life. However, these concepts may also be used to evaluate
congested areas and the impacts of proposed improvements and/or reconstruction.

The practices in this manual are advisory in nature and are recommended but

not mandatory. Nevertheless, operational considerations should be given equal
weight when compared to other considerations in developing a project.

continued
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5.0 Use of the Texas Highway Operations Manual (continued)
The manual is organized in the following manner:

¢ Part I - Background
e Chapter 1 - Introduction to Operations Manual
¢ Part II - Fundamental Operational Practices
e Chapter 2 - Operational Considerations in Project Development
® Chapter 3 - Operational Considerations in Preliminary Design
® Chapter 4 - Operational Considerations in Final Design
e Chapter 5 - Operational Considerations for Scheduled Activities
¢ Part III - System Management
Chapter 6 - System Management
Chapter 7 - Data Collection
Chapter 8 - Traffic Operations Analysis
Chapter 9 - Incident Management
Chapter 10 - Control Strategies
Chapter 11 - Information Systems
art IV - Supporting Material
Appendix
Abbreviations and Definitions
Annotated Bibliography
Index

4
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Various publications are referred to throughout the text of this manual. The Annotated
Bibliography provides a brief description of these publications and locations from which
they may be obtained.

6.0 Revisions to the Texas Highway Operations Manual

This edition of the Texas Highway Operations Manual is an interim version which has
been developed as part of a five year research study on urban highway operations.
Portions of the manual will be updated throughout the study period as new research
findings become available. The final version of the manual will be published at the end
of the research study. Your comments about interim versions of this manual are
encouraged along with suggestions for additional information to be included or areas
which need to be added. Examples of the application of the principles described in the
manual are also requested. Please contact the Transportation Planning Division (D-10R)
with any comments or suggestions about the manual or its content.
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7.0 Relationship between the Operations Manual and Other TxDOT Manuals

This manual is not intended to replace the Texas Department of Transportation (TxDOT)
Highway Design Division Operations and Procedures Manual or any other TxDOT
manual. This manual provides operational information which supplements other
departmental manuals. This manual will help the highway designer understand how the
interactions of various design elements affect operations so that an appropriate balance of
elements can be achieved. The Texas Highway Operations Manual is not intended to
reproduce every detail in other manuals, therefore, it may be appropriate to refer to other
manuals for additional details.
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OPERATIONAL OBJECTIVES OF DESIGN

Throughout the design process, the highway designer should strive to meet several
objectives which will impact the quality of the highway design in its current form and in
future redesigns.

1.0 Operations and Design Quality

The engineer should strive to obtain the highest quality highway design possible. A high
quality design provides:

¢ operational flexibility to meet unanticipated traffic conditions

4 expansion potential to adapt to changes in design requirements

¢ maintainability to reduce maintenance requirements, including the performance of
maintenance activities

Quality design emphasizes the importance of evaluating a highway facility over its entire
life (including reconstruction), as opposed to the design life, such that it has the lowest
cost over its entire life.

The design or redesign process for a highway requires the balancing of needs such as
access, operations, cost, constructability, maintenance, and others. In some cases, the
optimal operational solution may be limited by the requirements of other needs. This is
particularly true in the reconstruction of existing facilities. In these cases, the concepts
described in this manual can be used to provide the best possible operations under the
prevailing conditions. Figure 1-1 illustrates that operations is only one spoke on a wheel
containing many other spokes. Each of these areas are necessary to provide an effective
highway system.

2.0 Operational Flexibility

Highway design is predicated on developments which are forecast to take place 20 to 30
years hence. Even when the future land use and travel materialize as forecasted, there is
no assurance that local traffic will develop as predicted. Consequently, some highways or
sections of highways may have inadequate capacity or be out of balance with adjoining
facilities before the design life is reached. Even when peak hour volumes are forecasted
with reasonable accuracy, unanticipated development patterns, accidents, or other
incidents may cause overloading of specific highway segments. These negative impacts
can be offset by providing operational flexibility in the highway design.

continued
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2.0 Operational Flexibility (continued)

Flexibility of operation can be achieved by providing added capacity through judicious
lane arrangements, lane balance, and alternative routes. Providing alternative routes
patterned locally and systemwide, permits traffic to seek an acceptable level of service by
distributing traffic. In all cases, the designer should strive to obtain the maximum
practical capacity that can be economically achieved, consistent with other elements of
system configuration. The highway design should be carefully selected with consideration
for maintaining the ability to choose from multiple design alternatives for future changes.

3.0 Future Expansion

Although highway elements normally have a design life of 20 years to 30 years, the
highway environment does not always mature in the manner in which planners envisioned.
Future highway changes are often needed to accommodate unanticipated development. In
the preliminary design phase, the flexibility of the highway to adapt to changing
operational conditions should be evaluated. This evaluation should be done independently
of existing and expected traffic volumes or current design policies. Some of the future
changes which deserve consideration in preliminary design include: reduction of lane
widths to add lanes, implementing high-occupancy vehicle lanes in median or outer
separation, ramp and highway widening, future use of shoulders as lanes, and structure
widening. Innovative engineering in preliminary design can greatly increase the flexibility
of a facility to adjust to changing operational conditions. Some engineering
considerations include: placement of bridge columns to permit pavement widening, extra
width of pavement to permit restriping for narrow lanes, and drainage structures located
away from potential future wheel paths.

4.0 Maintainability

Highway maintenance activities can have a detrimental effect on capacity. Therefore,
future maintenance requirements of a facility should be carefully considered in
preliminary design. Wherever practical, highway elements should be designed to reduce
maintenance requirements. Potential maintenance considerations include increased
pavement width, shoulder pavement thickness, reduction of sign supports on roadside and
median, shoulders on both sides for parking maintenance vehicles, and others. When it is
impractical to reduce maintenance requirements, highway elements should be designed to
minimize the cost of the maintenance activities.
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5.0 New Construction and Reconstruction

Much of the design and operational activities currently being performed by the Texas
Department of Transportation are related to the reconstruction of existing highways,
as opposed to the construction of new highways on new alignment. The redesign and
reconstruction of an existing highway facility presents many limitations on the
selection of operational alternatives. Restricted right-of-way, access requirements,
environmental concerns, and public opposition may prevent the implementation of
optimal operational conditions and require that compromises be made in all areas in
order to provide the best possible operations given the restrictions on the design
process.

Many of the operational concepts described in this manual address desirable
operational conditions that are more easily implemented on new highway facilities.
When the user of this manual is applying these concepts to the reconstruction of an
existing facility, he or she must identify the operational limitations of the project and
operational strategies that achieve the best possible operations given those limitations.

6.0 Public Involvement Process

Operational deficiencies are more difficult to address after design commitments have been
made in the public hearing process. Therefore, it is important to consider the operational
principles addressed in this manual during the earliest phases of the design process in
order to obtain effective highway operations. The Highway Design Division Operation
and Procedures Manual addresses the public involvement process in greater detail.
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FUNCTION AND HISTORY OF THE HIGHWAY SYSTEM

The highway system in Texas and the United States serves a variety of functions, but
primarily the movement of people and goods. Travel to and from work, services, social,
and recreational purposes, and many other activities are necessary functions of our
complex society. These functions have developed in a span of less than a hundred years,
during which we have moved from horse-drawn vehicles on dirt roads to motor vehicles
operating on an extensive network of high quality highways. The next hundred years may
see the development of automated vehicles, computerized navigation, and other
technological advances.

1.0 Movement and Access

Highways serve two competing functions: movement and access. The highest quality of
service is provided when access is controlled. Careful control of access ultimately
provides the highest level of service to all system users. Access, once provided, is
difficult to limit. All access decisions should be made with due consideration to the
possibility of significant future traffic growth.

2.0 Historical Development

Our highway system has achieved its present level of maturity in a relatively short period
of time. Highway construction for motor vehicles began in the early part of the 20th
century. The post World War II era experienced a phenomenal growth in highway
construction, including the construction of the Interstate Highway System. Presently, the
focus has shifted from the construction of new facilities to the maintenance, operation,
and rehabilitation of existing highways.

Prior to the turn of the century, highways in the United States were prima