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NATIONAL COOPERATIVE HIGHWAY RESEARCH PROGRAM

Systematic, well-designed research provides the most effective
approach to the solution of many problems facing highway
administrators and engineers. Often, highway problems are of local
interest and can best be studied by highway departments
individually or in cooperation with their state universities and
others. However, the accelerating growth of highway transportation
develops increasingly complex problems of wide interest to
highway authorities. These problems are best studied through a
coordinated program of cooperative research.

In recognition of these needs, the highway administrators of the
American Association of State Highway and Transportation
Officials initiated in 1962 an objective national highway research
program employing modern scientific techniques. This program is
supported on a continuing basis by funds from participating
member states of the Association and it receives the full cooperation
and support of the Federal Highway Administration, United States
Department of Transportation.

The Transportation Research Board of the National Academies
was requested by the Association to administer the research
program because of the Board’s recognized objectivity and
understanding of modern research practices. The Board is uniquely
suited for this purpose as it maintains an extensive committee
structure from which authorities on any highway transportation
subject may be drawn; it possesses avenues of communications and
cooperation with federal, state, and local governmental agencies,
universities, and industry; its relationship to the National Research
Council is an insurance of objectivity; it maintains a full-time
research correlation staff of specialists in highway transportation
matters to bring the findings of research directly to those who are in
a position to use them.

The program is developed on the basis of research needs
identified by chief administrators of the highway and transportation
departments and by committees of AASHTO. Each year, specific
areas of research needs to be included in the program are proposed
to the National Research Council and the Board by the American
Association of State Highway and Transportation Officials.
Research projects to fulfill these needs are defined by the Board, and
qualified research agencies are selected from those that have
submitted proposals. Administration and surveillance of research
contracts are the responsibilities of the National Research Council
and the Transportation Research Board.

The needs for highway research are many, and the National
Cooperative Highway Research Program can make significant
contributions to the solution of highway transportation problems of
mutual concern to many responsible groups. The program,
however, is intended to complement rather than to substitute for or
duplicate other highway research programs.

NOTE: The Transportation Research Board of the National Academies, the
National Research Council, the Federal Highway Administration, the American
Association of State Highway and Transportation Officials, and the individual
states participating in the National Cooperative Highway Research Program do
not endorse products or manufacturers. Trade or manufacturers’ names appear
herein solely because they are considered essential to the object of this report.
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FOREWORD

PREFACE
By Jo Allen Gause
Program Officer
Transportation
Research Board

Highway administrators, engineers, and researchers often face problems for which infor-
mation already exists, either in documented form or as undocumented experience and prac-
tice. This information may be fragmented, scattered, and unevaluated. As a consequence,
full knowledge of what has been learned about a problem may not be brought to bear on its
solution. Costly research findings may go unused, valuable experience may be overlooked,
and due consideration may not be given to recommended practices for solving or alleviat-
ing the problem.

There is information on nearly every subject of concern to highway administrators and
engineers. Much of it derives from research or from the work of practitioners faced with
problems in their day-to-day work. To provide a systematic means for assembling and
evaluating such useful information and to make it available to the entire highway commu-
nity, the American Association of State Highway and Transportation Officials—through
the mechanism of the National Cooperative Highway Research Program—authorized the
Transportation Research Board to undertake a continuing study. This study, NCHRP Proj-
ect 20-5, “Synthesis of Information Related to Highway Problems,” searches out and syn-
thesizes useful knowledge from all available sources and prepares concise, documented
reports on specific topics. Reports from this endeavor constitute an NCHRP report series,
Synthesis of Highway Practice.

This synthesis series reports on current knowledge and practice, in a compact format,
without the detailed directions usually found in handbooks or design manuals. Each report
in the series provides a compendium of the best knowledge available on those measures
found to be the most successful in resolving specific problems

Some state departments of transportation (DOTSs) have adopted design solutions—often
labeled “practical design”—for specific roadway projects at reduced costs, thereby allow-
ing the agencies to better address critical needs of the entire roadway system. This synthesis
presents information on the application of practical design approaches in roadway project
development.

Information used in this study was acquired through a review of the literature, a survey
of state DOTSs, and follow-up interviews with six state DOTs that have adopted formal
practical design policies.

Hugh W. McGee, Sr., Vanasse Hangen Brustlin, Inc., collected and synthesized the
information and wrote the report. The members of the topic panel are acknowledged on
the preceding page. This synthesis is an immediately useful document that records the
practices that were acceptable with the limitations of the knowledge available at the time
of its preparation. As progress in research and practice continues, new knowledge will be
added to that now at hand.
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PRACTICAL HIGHWAY DESIGN SOLUTIONS

SUMMARY

There are many demands on state departments of transportation (DOTSs), from simple
maintenance of ever-expanding assets to addressing the increasing mobility and safety needs
of all highway users. State DOTSs are continuously striving to meet this challenge with lim-
ited financial resources. In doing so, some state transportation agencies have adopted design
solutions for specific roadway projects at reduced costs, thereby allowing the agencies to
address critical needs of the entire roadway system. For example, the Missouri DOT (MoDOT)
has initiated a process—Iabeled Practical Design—that critically reviews projects to establish
reduced-cost scope and roadway geometrics based on needs and not standards. They have
stated that they want “fewer spots of perfection and more good projects that make a great
system.” The Kentucky Transportation Cabinet (KYTC) has approached this program from a
somewhat different perspective through their Practical Solutions initiative, where the philosophy
of building reduced-cost projects is emphasized using the existing condition as the baseline
design and thus achieving a positive outcome with project improvements beyond the existing
conditions.

As documented in this report, a few other states have adopted similar programs, labeled
variously as Practical Design, Practical Solutions, or Practical Improvements. Whatever
label is given by the state, the adoption of this cost-saving initiative is increasing and gaining
the attention of many other DOTSs. The objective of this synthesis is to identify current knowl-
edge and practice in the application of Practical Design (the default term used in the report)
approaches in roadway project development.

Information gathered for this synthesis included the following:

» What states have a Practical Design or similar policy.

» How states define and implement Practical Design.

* Barriers and lessons learned from states that have implemented Practical Design.

* Relationship of Practical Design to Context Sensitive Design, Context Sensitive Solutions
(CSS), Value Engineering (VE), and other similar initiatives.

» How Practical Design differs from the traditional design process.

» Modifications to roadway geometric design criteria.

* Project-specific roadway design tradeoffs considered.

 Cost savings resulting from Practical Design projects.

* Performance measures for Practical Design, including safety and operational performance,
and system condition.

o Liability risk of implementing Practical Design approaches.

Information for this synthesis came from published literature, a survey of state DOTS,
and interviews with state DOTSs identified as having a Practical Design or similar policy.
To date the literature is limited for this emerging project development and design philosophy;
therefore, relatively little was gained from that review. An online survey was sent to all state
DOTs to (1) determine which states have a Practical Design (or other term) policy; (2) become
aware of their policy and procedure; (3) identify states that are considering adopting a policy;
and (4) determine information states would like to have that would assist them in developing



or modifying a Practical Design program. The survey achieved an 82% response rate, with 41
of 50 states responding. Follow-up interviews were conducted with those states determined
to have a formal Practical Design policy.

From the questionnaire, 29 of the 41 responding DOTSs indicated that they have a Practical
Design (or similar term) policy. These agencies can be grouped into two categories: those
that have an explicit, documented Practical Design policy or program and those that have
“something similar.” For the former group, the following DOTSs are included:

Practical Design Missouri, Oregon, Utah
Practical Solution Kentucky, Idaho
Practical Improvements Kansas

MoDOT adopted a formal Practical Design policy in 2005, making it the first state do so.
The DOTSs of Oregon and Utah also identify their policy as Practical Design. The KYTC and
Idaho DOT use the term Practical Solutions. Kansas has adopted Practical Improvements as
a title for their similar program.

Twenty-three DOTS responded that they have a Practical Design (or similar term) policy.
However, they did not have an explicit policy and in their response to other “similar programs,”
they referred to context sensitive design or solutions, resurfacing, restoration, and rehabilitation
(3R) design criteria, design flexibility, design exceptions, road safety audits, minimum design
approach, and other terms. The practices of these states were not examined in this synthesis.

The six state DOTSs that have an explicit, documented policy are profiled in this report. For
each state, how they developed and implemented their policy, how their policy is applied to
project development and design, what benefits were derived, and other information sought
by states who are considering adopting a policy is discussed. Where examples exemplifying
their approach were provided, they are included in the synthesis. A summary of each state’s
policy is as provided here:

Missouri—MoDOT can lay claim to being the first state to adopt a Practical Design policy,
initiating it in 2005. As stated in its implementation guide Practical Design, Meeting Our
Customer’s Needs, the goal of Practical Design is to build “good” projects, not “great” projects,
to achieve a great system. The key principle is to define the project scope by focusing on
achieving the project purpose and need while considering the surroundings of each project.
In its implementation guide, MoDOT provides primary design guidance for 29 areas includ-
ing type of facility, geometric design elements, pavements, structures, roadside safety, and
miscellaneous. The guidelines provided in that document allow for flexibility in the selection
of the specific design value.

Idaho—The Idaho Transportation Department (ITD) adopted its Practical Solutions/Design
(both terms are used) policy in 2007. The program was initiated based on the favorable
reports from Missouri. ITD’s philosophy is to build cost-effective projects to achieve a
sound, safe, and efficient transportation system. In its guidance document, ITD provides
“primary guidance” for several design elements, of which the two primary elements are
design speed—which is to be the posted speed or as appropriate to context and intent—and
level of service (LOS)—which can be selected at a lower level; for example, LOS D instead
of LOS C. The document also provides primary guidance for several other design elements
including those related to geometrics, roadside, pavement, structures, bicycle and pedestrian
facilities, right-of-way, and even materials and traffic control.

Kentucky—KYTC adopted Practical Solutions as its policy in 2008. As with Missouri,
the impetus was to find a way to “do more with less.” And as with other states, its underlying
principle is to identify the project purpose and need, which drives the project scope. In issuing



its Practical Solutions policy, KYTC’s state highway engineer included values for several
design elements—pavement and shoulder widths, curve radius, pavement and shoulder cross
slopes, grade, stopping sight distance, and passing sight distance—for three classes of roads:
two-lane arterials, rural collectors, and rural local roads. The policy also suggests that for two
critical factors affecting design—the design speed and the design year traffic volume—Ilower,
in the case of design speed, or nearer, in the case of design year, values can be considered.

Kansas—The Kansas DOT (KDOT) adopted a formalized Practical Improvements approach
to its projects in 2009. KDOT defines Practical Improvement as “the overarching philosophy
which guides our decisions that affect project cost and scope in order to stretch our trans-
portation improvement dollars further while still maintaining a safe and efficient highway
system.” KDOT issued Practical Improvements, a document that provides guidance on how
the Practical Improvement process is to be followed in the development of a project, specifically
on developing alternative scopes. In Kansas, projects are initially programmed by the planning
department and reach the design office with a general scope and budget, which usually
cannot be exceeded. To stay within this budget, proper scoping of the project is considered an
integral part of the Practical Improvement process. When applying the Practical Improvement
approach, alternative scopes may involve selecting design criteria outside of the prevailing
criteria range.

Oregon—The Oregon DOT (ODOT) issued its Practical Design policy in 2010 after being
mandated by the state legislature in its Jobs & Transportation Act of 2009. ODOT was to
follow design practices that incorporate the maximum flexibility in the application of standards
to reduce cost while preserving and enhancing safety and mobility. ODOT, in its Practical
Design Guidebook, presents a process for applying Practical Design; it does not provide
specific design values. Design flexibility is the hallmark of its process and is guided by three
overarching goals:

1. To direct available dollars toward activities and projects that optimize the highway
system as a whole.

2. Develop solutions to address the purpose and need identified for each project.

3. Design projects that make the system better, address changing needs, and/or maintain
current functionality by meeting, but not necessarily exceeding, the defined project
purpose, and need and project goals.

Utah—With the issuance of its Practical Design Guide in 2011, Utah is the most recent
state to adopt a Practical Design policy. The Utah DOT (UDOT) has not developed different
design criteria; rather, it offers general guidelines for implementing Practical Design. For
UDOT, the most critical element in Practical Design improvement projects is the project’s
objective statement. Practical Design is a “design up” approach, not a “strip down” process;
meaning, rather than starting with the desired level of improvement and removing items until
they meet the budget, project teams are advised to look at the existing conditions and design
improvements that meet the project’s objective statement. A key aspect of its program is
design flexibility and the use of design exceptions, which can be implemented when either
of the following applies:

 The design standard exceeds the objective statement or
A lower cost solution not meeting design standards is identified that does not compromise
safety.

Other key findings of the study include the following:

 The Practical Design approach does not appear to apply explicitly to 3R projects. Each of
the six states profiled has a separate 3R policy for guidance for those projects. However,
itis noted that 3R projects are not typically improved to full standards, which makes 3R
and Practical Design-based projects similar.



« For the six states that were profiled, most recognize a relationship and similarity in the
principles of CSS and Practical Design. For instance, Kansas stated that both CSS and
Practical Design apply flexibility in the application of design features. Oregon views its
Practical Design policy as the next logical step to CSS. Utah views its Practical Solutions
policy as combining elements of CSS and VE. Practical Design seeks an economical
solution for individual projects, focusing on the projects’ purpose and need. CSS seeks
a solution that addresses the needs of multiple users and functions of the facility, which
sometimes can lead to added costs.

* Practical Design is not the same as VE, although here too there are similar goals. VE,
which is usually reserved for large-scale projects, is a method to determine the most
cost-effective way to achieve proposed improvements. Practical Design is a method to
determine the most cost-effective way to achieve the projects’ purpose and need. The
tools and procedures used for VE can be used for Practical Design.

« Design exceptions are frequently used as part of the Practical Design process in most
states that have adopted this policy. When a value for a design element is chosen that is
less than what would be required by its design manual, design exceptions are required
by the states.

Practical Design has emerged as a project development and design program that seeks to
develop individual projects with improved safety and operation but at a reduced cost, using
the savings for more projects within a fiscal budget. For all states that have adopted this
policy, the driving force was to maximize the use of available transportation funds, which
were becoming limited and less able to meet all of the many system needs.

There are numerous ways to describe Practical Design and similar policies. One would be
aproject development and design philosophy whereby projects are scoped to be “right-sized”
to meet the project purpose and need, avoiding the desire to arbitrarily bring the facility up to
a maximum level for all design elements.

Practical Design does not apply to just geometric design elements. It can be all-encompassing,
ranging from deciding during planning and scoping phases on the type of facility to meet
the purpose and need; to the selection of design volumes, design speed, and specific design
elements; and even to the selection of pavement material and thickness.



CHAPTER ONE

INTRODUCTION

BACKGROUND

There are many demands on state departments of transporta-
tion (DOTs), from simple maintenance of ever-expanding
assets to addressing increasing mobility and safety needs
of all highway users. State DOTSs are continuously striving
to meet this challenge of increasing demands with limited
financial resources. In doing so, a few state transportation
agencies have adopted initiatives that result in design solu-
tions for specific roadway projects that they believe allows
them to better address the critical needs of the entire road-
way system. Most notably, the Missouri DOT (MoDOT) has
initiated a process that critically reviews projects to establish
appropriate project scope and resultant roadway geomet-
rics based on needs, not standards. MoDOT’s goal is to
have fewer areas of perfection and more good projects that
make an overall great system. In its opinion, this approach
will allow for the completion of more roadway projects in
a shorter period of time. To implement its approach, called
“Practical Design,” MoDOT reviewed its existing design
standards and revised them in a way that provides a practical
design approach.

The Kentucky Transportation Cabinet (KYTC) has imple-
mented a similar initiative through its “Practical Solutions”
initiative. The approach uses existing conditions as the baseline
and tries to achieve results from project improvements that are
better than the existing conditions. This approach underscores
the importance of understanding the specific needs and goals
of a project. The approach develops a customized solution
that will address the specific needs while using the flexibilities
inherent in the design process.

SYNTHESIS OBJECTIVE

As will be documented in this report, a few other states have
adopted similar policies, variously labeled as Practical Design,
Practical Solutions, or Practical Improvements. Whatever
label is given by the state, the adoption of this cost-saving
initiative is increasing and coming to the attention of other
DOTs. Therefore, the objective of this synthesis was to
identify current knowledge and practice in the application
of Practical Design approaches to roadway project develop-
ment. (For simplicity, the term Practical Design will be used
throughout this report unless another term is more appropri-

ate to the discussion.) This synthesis provides transportation
professionals with the information required to understand this
change in project development and design philosophy and
the new practices implemented by a few transportation
agencies.

Information gathered for this synthesis included the
following:

» How states define and implement Practical Design and
other policies or programs that may have different
names, but share the same philosophy, concepts, and
principles.

« Barriers and lessons learned from states that have imple-
mented Practical Design approaches.

» How Practical Design differs from the traditional design
process.

» Modifications to roadway geometric design criteria.

* Relationship of Practical Design to Context Sensitive
Solutions (CSS), Value Engineering (VE), and other
similar initiatives.

 Consideration of project-specific roadway design trade-
offs.

» Application of design exceptions for Practical Design.

 Cost savings resulting from Practical Design projects.

 Performance measures for Practical Design, including
safety and operational performance.

 Liability risk of implementing Practical Design
approaches.

APPROACH

Typically, NCHRP synthesis projects rely on information
obtained from state DOTs on their current practices related
to the subject at hand, supplemented by published litera-
ture. In this instance, it was known at the outset that only a
few states had a Practical Design or similar policy, a situa-
tion that would have made a comprehensive questionnaire
inappropriate. Consequently, the work plan included the
following tasks:

1. Distribute a brief online questionnaire to all states with
two objectives in mind:
a. ldentify those states that have adopted a Practical
Design policy, and



b. Identify states that are considering developing a
Practical Design policy and determine what informa-
tion they would like to see about a Practical Design
approach.

. Review and synthesize the Practical Design policy of

those states identified in la.

. Conduct follow-up interviews with selected states to

gather more information related to the bulleted items

listed previously.

. Obtain information for several projects of varying types

to illustrate how Practical Design was applied and

what benefits were derived. These would serve as case
examples.

. Draw lessons learned and conclusions for the benefit

of those states that are considering adopting a Practical

Design policy.

. Identify any knowledge gaps where additional research

may be needed.

SYNTHESIS CONTENTS

The contents of the remaining chapters are as follows:

Chapter two reports on the results of the initial survey.
Chapter three provides background information on the
project development process, design standards, and other
initiatives relevant to Practical Design.

Chapter four profiles those states that reported they have a
formal Practical Design (or similar term) policy. Included
in the profiles are examples how Practical Design was
applied, and, within the discussion, answers to questions
raised by those states considering a policy are provided.
Chapter five discusses the collective findings from the
state profiles and identifies needed research to address
knowledge gaps.

After the References section, several appendices provide
supporting information.



CHAPTER TWO

RESULTS OF INITIAL SURVEY OF STATE DEPARTMENTS

OF TRANSPORTATION

SURVEY OF PRACTICES

A questionnaire was sent to all state DOTSs using the member-
ship of AASHTO’s Subcommittee on Design, primarily to
identify those states that have a Practical Design policy. The
questionnaire posed the following questions:

1. Does your state have a formal or informal policy
related to Practical Design, Practical Solutions, or
some other similar project development or design
philosophy?

2. If yes, explain or provide a link to any documents on
your website or send to the consultant.

3. If no, is your state considering developing a policy?

4. If the answer to question 3 is yes, what information
would be useful to your state in either developing or
expanding upon a Practical Design policy?

5. If the answer to question 1 is yes, would your state be
willing to be interviewed by the consultant?

The survey document is provided as Appendix A. The
survey achieved an 82% response rate, with 41 of 50 states
responding. The results are summarized here.

STATUS OF STATES REGARDING
A PRACTICAL DESIGN POLICY

Twenty-nine of the 41 states responded “yes” to this question.
The results of question 1 are shown in Appendix B, Table B1
by state. These states can be grouped into two categories:
those that have an explicit documented policy labeled as
Practical Design, Practical Solutions, or some similar term,
and those that referred to a practice they believed to be similar
in principle. For the former group, the following six states
are included:

* Practical Design
* Practical Solution
* Practical Improvements

Missouri, Oregon, Utah
Kentucky, Idaho
Kansas

Missouri was the first state to adopt a formal Practical
Design policy, and this label is also used by Oregon and Utah;
Kentucky uses Practical Solutions, and Idaho initially used the
label Practical Design but now uses Practical Solution. Each of
these states provided a guide, manual, or similar document
describing their policy; each of which will be discussed in
chapter four.

Twenty-three states responded “yes” that they have a policy
similar in principle to Practical Design and then referred to
“similar” practices or policies. Using the comments provided
by these 23 states (see Appendix B, Table B1 for the full
responses), the following categorization can be made for the

“something similar” group:

Refer to resurfacing, restoration,
and rehabilitation (3R) design
criteria

Refer to CSS

Refer to design flexibility

Refer to design exceptions

Refer to CSS, Complete Streets,
design exception and 3R

Refer to Road Safety Audits

Refer to Smart Transportation

Informal Practical Design policy

Design guidelines for each project
Minimum design solution
approach

Tier design

Project Development Policy
Practical Design policy under
development

Arkansas, South
Carolina,
Wyoming

Colorado, Georgia,
Hawaii,
Minnesota

Delaware, Indiana,
Vermont

Michigan

Massachusetts

Maryland

New Jersey

Louisiana,
Montana,
Rhode Island

North Dakota

New Hampshire,
Nebraska

North Carolina

Virginia

Maine

The following are a few of the statements made by the
respondents that exemplify how their state follows the prin-
ciples of Practical Design:

» Arkansas does not have a policy that is designated as
practical design. However, for many years we have used

the 3R process to achieve practical design on many miles
of highway. In 1989, geometric design criteria were
established for nonfreeway 3R projects. These design
criteria are less than normal design standards; however,
it provides a safe and improved facility at a reduced
cost.

» Colorado DOT (CDQT) has a formal and informal CSS
process, which leads to practical designs by incorpo-
rating multi-disciplinary (within CDOT and outside)
teams to develop solutions.



» Delaware’s Road Design Manual allows for flexibility
within the design standards and for design exceptions
when the standards cannot be met. Delaware DOT
(DelDOT) does not however have a policy strictly based
on Practical Design or Practical Solutions.

 [In Maryland] Road Safety Audits are conducted to
identify low-cost improvements to enhance the safety
of a given facility. Roadway segments with lower safety
performance are reviewed by a team of technical experts
representing multiple disciplines.

 Beginning in 2006, within its VE unit, New Jersey began
what was called Smart Solution reviews on all complex,
high-dollar projects. The difference between a traditional
VE review and this new Smart Solutions approach
was that we removed the main goal in the VE process,
achieving an equal or better product. Instead, a team
of multi-disciplined personnel (similar to a VE team)
would focus on solving the original problem that started
the project. The goal of the Smart Solutions team was
to hone in on the conditions causing the problems. Any
substandard condition that was not causing crashes or
listed on one of the management systems lists was not
improved. We are no longer trying to make everything
perfect; we were trying to improve the existing condi-
tions. (Pennsylvania, who did not respond to the question-
naire, also has a Smart Transportation policy, as was
learned from the literature review.)

e Louisiana’s program is informal. Our process is similar
to Kentucky’s practical solutions. We typically apply
these concepts to spot replacement type projects (bridge
replacements, spot safety improvements, etc.).

» New Hampshire has not developed any specific approach
to the fiscal constraint issues, but we have taken a very
simplistic solution to design issues, that being do as
little as possible while still solving the problem that
needs to be addressed (like widening in-kind instead
of full-depth reconstruction). We are constructing the
least costly alternative in almost all situations. Although
this is not a written directive, we make sure we always
include a “minimal design solution” as an alternative
for consideration.

Although these 23 states responded that they do follow a
Practical Design approach, because they do not have a formal,
documented policy, they were not investigated further.

STATES CONSIDERING A PRACTICAL
DESIGN POLICY

Only a few states indicated that they are considering develop-
ing a Practical Design policy; these included Alabama, Florida,
New York, Washington, and Wisconsin. States that responded

that they were not planning to develop a Practical Design pol-
icy included Colorado, Hawaii, Louisiana, Montana, South
Carolina, South Dakota, and Tennessee.

INFORMATION USEFUL IN DEVELOPING
A PRACTICAL DESIGN POLICY

The purpose of question 3 was to ascertain what information
states that do not yet have a Practical Design policy would like
to have about the Practical Design approach. It was intended
that the responses would help frame what questions should
be posed to those states with a formal policy that might help
those states considering adopting or perhaps modifying their
policy. The answers from all the states are listed in Table B2
in Appendix B. The types of information sought by the respon-
dents are listed here:

» Examples of costs and time savings realized using
Practical Design.

* Lessons learned and current practices.

 Goals, objectives, and success measures.

 Implementation procedures including documentation.

 Obstacles encountered and how they were addressed.

* Industry standard for definition of performance-based
design, as well as tools and criteria for practicing it.

 Need to demonstrate value (compared with consequences)
of implementing a formalized policy to obtain manage-
ment and public acceptance.

e How the consultant community is integrated into the
Practical Design process and procedures.

 Data on inherent trade-offs of such a policy as this
will often result in parameters that fall below AASHTO
guidelines.

« Specific criteria used to determine when Practical Design
is appropriate.

» How to encourage project teams to embrace Practical
Design rather than view it as another forced policy from
the central office.

« Safety records for implemented Practical Design projects.

» How to address AASHTO minimum design criteria.

» Need for more design exceptions.

* Reactions by professional engineers to utilizing Practical
Design.

» How to incorporate the Highway Safety Manual meth-
odologies into the project development process.

These information needs were used as the basis for the inter-
views conducted with the six states identified earlier as having
a formal Practical Design policy. The results of those inter-
views are included in the profiles of each of six states with a
Practical Design policy presented in chapter four.



CHAPTER THREE

BACKGROUND INFORMATION ON PROJECT DEVELOPMENT

AND DESIGN METHODS

As noted in the previous chapter, several states referred to
other terms as support for responding “yes” to implement-
ing a practical-design-like procedure, if not a formal policy;
these terms included design exceptions, CSS, 3R projects,
VE, and flexible design. Although likely familiar to most
readers, these terms are concisely described in this chapter
because they will be referred to in the discussions of the six
state profiles in the next chapter. Also, they are discussed in
the context of the project development process and current
design standards, guidelines and approaches. A more in-
depth discussion of these and other design principles can be
found in NCHRP Synthesis 422: Trade-Off Considerations
in Highway Geometric Design (1).

PROJECT DEVELOPMENT PROCESS

The AASHTO document, A Guide for Achieving Flexibil-
ity in Highway Design (2), describes the four stages of the
project development process, as illustrated in Figure 1 and
summarized here:

e Concept Definition—In this initial stage, the purpose
and need for a project or improvement is identified.
FHWA describes the purpose and need statement as the
foundation of the decision-making process, influenc-
ing the rest of the project development process, includ-
ing the range of alternatives studied and, ultimately,
the alternative selected (3). As shown in Figure 1, proj-
ects can be identified from needs studies (e.g., pave-
ment condition congestion and safety history), outside
requests, or long-range transportation plans. In the
AASHTO guide, itis noted that a key to context-sensitive
planning and design is developing a clear understand-
ing of the need for the project during this stage. This
principle applies equally to Practical Design, because
one of its tenets is developing the project to resolve the
identified need.

* Planning and Alternatives Development—In this
stage, alternatives are proposed and studied, envi-
ronmental and community impacts are assessed, and
decisions are reached about the key physical, environ-
mental, and operational aspects of the proposed proj-
ect. Once the purpose and need for a project have been
determined, high-level design criteria are selected.
The basis for the project design criteria will gener-
ally be the transportation agency’s design guidelines.

Key high-level design decisions would include such

factors as:

— Design year

- LOS

— Type of facility—freeway, expressway, divided versus
undivided, etc.

The culmination of this stage is the selection of the pre-
ferred plan or solution. The AASHTO guide emphasizes that
the greatest opportunities and challenges for a flexible trans-
portation solution occur during this stage—the same statement
could apply to Practical Design.

e Preliminary Design—In this stage the geometric ele-
ments of the highway or street are developed in sufficient
detail to establish their impacts and full right-of-way and
construction requirements. Key design elements include
establishing the design speed.

 Final Design—In this stage the complete plans, speci-
fications, and construction bid documents are prepared;
all design elements have been established and usu-
ally only minor revisions occur perhaps to save costs,
improve constructability, or reflect refinements based
on actual right-of-way acquisition negotiations.

DESIGN POLICY, STANDARDS, AND GUIDELINES

Each state has its own road design manual that provides stan-
dards, guidance, and procedures to follow throughout the
project development process. State DOTSs generally follow the
design guidelines provided by AASHTO, modified to meet
their particular situation, condition, and policy. With regard to
geometric design elements, AASHTO’s A Policy on Geomet-
ric Design of Highways and Streets (4), now in its 6th edition
and often referred to as the Green Book, is the primary guide.
For roadside elements—that area beyond the travel way and
shoulder—it is AASHTO’s Roadside Design Guide (RDG)
(5) that applies.

For geometric design elements the Green Book provides
suggested limiting values—either minimums or maximums
depending on the specific design element, which in some
cases can vary depending on the type of road, design speed,
terrain, volume, and other factors. These values are to be
considered guidelines and not strict requirements. Each state
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FIGURE 1 Project development process. Source: AASHTO (2).

is to exercise engineering judgment in selecting appropriate
design values. The following statements in the foreword of
the Green Book could apply to Practical Design:

« This policy is therefore not intended to be a detailed design
manual that could supersede the need for application of sound
principles by the knowledgeable design professional. Suffi-
cient flexibility is permitted to encourage independent designs
tailored to particular situations.

» Cost-effective design is also emphasized. The goal of cost-
effective design is not merely to give priority to the most ben-
eficial individual projects but to provide the most benefits to
the highway system of which each project is part.

In the RDG, the following similar points about the appli-
cation of that guide are relevant to Practical Design:

« Ifincluding the highest level of roadside design criteria is rou-
tinely required in each highway design project—regardless
of cost or safety effectiveness—it is likely that system-wide
safety may stay static or even may be degraded.

* Knowledgeable design, practically applied at the project level,
offers the greatest potential for a continually improved trans-
portation system.

DESIGN EXCEPTIONS

A design exception is a documented decision to design a high-
way element or a segment of highway to design criteria that do
not meet minimum values or ranges established for that high-
way or project (6). For various reasons, it is not always practi-
cal [emphasis added] or desirable that a project meet each and
every design criteria and standard; some of these include:

* Impacts to the natural environment,

* Social or right-of-way impacts,
 Preservation of historic or cultural resources,
Sensitivity to context,

Sensitivity to community values, and

» Construction or right-of-way costs (6).

Each state has its own policy, guidelines, and practices for
when and how design exceptions will be used during proj-

ect development and design. The state practices for design
exceptions are documented in NCHRP Synthesis 316: Design
Exception Practices (7). As explained in that synthesis, FHWA
provides both regulatory (compulsory) and nonregulatory
direction on design exceptions. FHWA has established min-
imum design criteria for projects on the National Highway
System (NHS), which includes the entire Interstate system.
These criteria are included in the AASHTO Green Book and
in the AASHTO Policy on Design Standards—Interstate
System (8). FHWA indicates that “[a]lthough all exceptions
from accepted standards and policies should be justified and
documented in some manner, the FHWA has established 13
controlling criteria requiring formal approval” (9). The fol-
lowing 13 elements identified by FHWA in the Federal-Aid
Policy Guide require formal design exceptions:

Design speed,

Lane width,

Shoulder width,

Bridge width,
Structural capacity,
Horizontal alignment,
Vertical alignment,
Grade,

Stopping sight distance,
Cross slope,

. Superelevation,

. Vertical clearance, and
. Horizontal clearance (other than clear zone).
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CONTEXT SENSITIVE SOLUTIONS

FHWA defines CSS as “a collaborative, interdisciplinary
approach that involves all stakeholders in providing a transpor-
tation facility that fits its setting. It is an approach that leads to
preserving and enhancing scenic, aesthetic, historic, commu-
nity, and environmental resources, while improving or main-
taining safety, mobility, and infrastructure conditions” (10).
There are several key elements of CSS. First is the “context,”
which is a broad description of a project’s physical, eco-



nomic, and social setting. The context may include the com-
munity, ecological, aesthetic, and transportation conditions,
as well as the political and policy environment. Another key
element is the use of an interdisciplinary team—stakeholders
with different backgrounds (community members, elected
officials, interest groups, and affected local, state, and federal
agencies) who work collaboratively to solve a common prob-
lem. It puts project needs and both agency and community
values on a level playing field and considers all tradeoffs in
decision making. This process differs from traditional pro-
cesses in that it considers a range of goals that extends beyond
the transportation problem, including goals related to com-
munity livability and sustainability, and seeks to identify and
evaluate diverse objectives earlier in the process and with
greater participation by those affected. A key tenant of CSS is
recognizing the need to consider that transportation corridors
may be jointly used by motorists, pedestrians, cyclists, and
public transit vehicles.

Many states have a policy on CSS and incorporate its princi-
ples into their project development process. NCHRP Synthesis
373: Multi-Disciplinary Teams in Context-Sensitive Solutions
(11) reported on state DOT CSS practices and NCHRP Report
480: A Guide to Best Practices for Achieving Context Sensitive
Solutions (12) focuses on how state DOTS can incorporate CSS
into transportation project development. More information
about CSS can be found at: http://contextsensitivesolutions.org/
content/reading/context_sensitive_solutions_pri/.

RESURFACING, RESTORATION,
AND REHABILITATION PROJECTS

The program of resurfacing, restoration, and rehabilitation—
commonly referred to as RRR or 3R—emerged out of the
1976 Federal-Aid Highway Act. The legislation permitted
the use of federal aid to rehabilitate highways to extend
their useful life without necessarily improving existing geo-
metrics. These projects were not required to comply with
the then current design standards, and would typically not
change existing design dimensions. The 3Rs were defined
as follows:

» Resurfacing—Work to place additional layers of sur-
facing on highway pavement, shoulders, and bridge
decks, and necessary incidental work to extend the
structural integrity of these features for a substantial
time period.

 Restoration—Work to return the pavement, shoulders,
and bridges over a significant length of highway to an
acceptable condition to ensure safety of operations for a
substantial time period. This work may include the fol-
lowing: grinding and repair of joints of portland cement
concrete pavement; sealing of shoulders and pavement
joints in conjunction with other work; placement of a
skid-resistant surface treatment; correction of minor
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drainage conditions; and work to prepare a bridge deck
for an overlay.

 Rehabilitation—Work to remove and replace a major
structural element of the highway to an acceptable condi-
tion to extend the service life of a significant segment for a
substantial period of years commensurate with the cost to
construct. This may include the following: replacement of
bridge deck, pavement, or shoulders without significant
widening; recycling of pavement and shoulder materials;
replacement of the individual bridge elements to correct a
structural deficiency; and minor subgrade work incidental
to other work.

The federal regulatory requirements have changed over
time. Current federal requirements are documented in FHWA’s
Technical Advisory T5040.28 Developing Geometric Design
Criteria and Processes for Non-Freeway RRR Projects (13).
The technical advisory provides procedures, a process for
developing 3R programs and projects, and design criteria
for individual geometric elements. The technical advisory
notes that the states’ 3R design criteria should address all
13 controlling geometric elements mentioned under Design
Exceptions. In addition, guidance is provided on other design
features such as pavement improvements including skid
resistant surfaces and pavement edge drop-off remedia-
tion, intersection improvements, and traffic controls and
regulations.

Nearly all states have a policy and design guidance for 3R
projects; this was documented in 2011 in NCHRP Synthesis
417: Geometric Design Practices for Resurfacing, Restora-
tion, and Rehabilitation (14).

VALUE ENGINEERING

FHWA defines VE as a systematic process of project review
and analysis during the concept and design phases by a
multi-disciplinary team of individuals involved in the project
conducted to provide recommendations for:

1. Providing the needed functions safely, reliably, effi-
ciently, and at the lowest overall cost;

2. Improving the value and quality of the project; and

3. Reducing the time to complete the project (15)

Although for many years VE has been recognized as a
valuable tool for developing a cost-efficient project, it was
the Federal-Aid Act of 1970 that made it a requirement for
federal-aid projects. In late 1995, Congress passed the NHS
Designation Act that included a provision requiring the
secretary to establish a program that would require states to
undertake a VE analysis for all federal-aid highway-funded
projects with an estimated total cost of $25 million or more.
Recent years have seen adjustments to the legislation and
regulations established for VE. The current policy (16),
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published on March 15, 2012, continues the $25 million
threshold, but also requires VE for:

* A bridge project with an estimated total cost of $20 mil-
lion or more, and

 Any other project designated by the secretary of trans-
portation.

State DOT VE practices, as of 2005, were documented in
NCHRP Synthesis 352: Value Engineering Applications in
Transportation (17). Among the many findings reported were:

» VE is more effective and influential on the performance,
quality, and cost of a project when performed relatively
early in the development of the project schedule.

* VE can effectively be integrated with or into other tech-
nical management improvement approaches, such as
asset management, RSA, contest sensitive design, and
accelerated construction technology teams.

FLEXIBLE DESIGN

Flexible design refers to a design philosophy that permeates
the entire project development process. There are no specific
design criteria or guidelines associated with flexible design. In
1997, FHWA published Flexibility in Highway Design (18) to
illustrate the flexibility available to designers within adopted
state standards to tailor their designs to the particular situa-
tions encountered in each highway project. It was prepared to
demonstrate how agencies could accomplish the objectives
of CSS within accepted design processes and criteria. Sub-
sequently, in 2004, AASHTO published A Guide for Achiev-
ing Flexibility in Highway Design (2). This guide promotes
the incorporation of sensitive community and environmental
issues into the design of highway facilities. It comprehensively
addresses the overall project development process and offers
specific examples of incorporating flexibility into the selection
of specific design elements.
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PROFILES OF STATES WITH PRACTICAL DESIGN POLICIES

This chapter provides a description and discussion of each
of the six (Missouri, ldaho, Kentucky, Kansas, Oregon,
and Utah) state’s Practical Design policy and procedures.
Included within the discussion are the responses to the ques-
tions posed during a phone interview with a representative
of the state DOT. The following information is provided for
each state profile:

 Background information on how the program developed.

» Overview of the Practical Design process and guidelines.

» Other considerations with respect to information that
other state DOTSs were seeking.

» Examples of projects where Practical Design was fol-
lowed, if they were provided by the state.

The states are profiled in chronological order as to when
they adopted their policy and are based on statements made
by the state DOT representative interviewed and the docu-
ments that the states have prepared.

MISSOURI DEPARTMENT OF TRANSPORTATION

Background

MoDOT is recognized as the first state to implement a formal
Practical Design policy. It started in 2005, when senior man-
agement realized that Missouri citizens would resist any new
taxes to fund the many needs of the highway program and,
therefore, the department would have to stretch its available
dollars to deliver a highway system that met the needs of the
taxpayers. The concept of Practical Design evolved out of this
financial realization with the mantra, “building good projects
everywhere—rather than perfect projects somewhere—will
yield a great transportation system in the end” (19). MoDOT
believed that perfect projects resulted when the design achieved
the maximum level standards contained in MoDOT’s Project
Development Manual, which has since been replaced by their
Engineering Policy Guide (20). In some cases, MoDOT man-
agement believed that using 