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A Message from the Administrator

Dear Colleague:

Oneof thegreatest challengesthe highway community facesisproviding safe, efficient
transportation servicethat conserves, and even enhancesthe environmental, scenic,
historic, and community resources that are so vital to our way of life. This guide
will help you meet that challenge.

The Federa Highway Administration (FHWA) has been pleased to work with the
American Association of State Highway and Transportation Officials and other
interested groups, including the Bicycle Federation of America, the National Trust
for Historic Preservation, and Scenic America, to develop thispublication. It identifies
and explains the opportunities, flexibilities, and constraints facing designers and
design teamsresponsible for the development of transportation facilities.

Thisguide does not attempt to create new standards. Rather, the guide buildson the
flexibility in current laws and regulations to explore opportunities to use flexible
design asatool to help sustain important community interestswithout compromising
safety. To do so, thisguide stressesthe need to identify and discussthoseflexibilities
and to continue breaking down barriersthat sometimes makeit difficult for highway
designersto be aware of local concerns of interested organizations and citizens.

The partnership formed to develop this guidance grew out of the design-related
provisionsof thelntermodal Surface Transportation Efficiency Act of 1991 and the
National Highway System Designation Act of 1995. Congress provided dramatic
new flexibilitiesin funding, stressed theimportance of preserving historic and scenic
values, and provided for enhancing communities through transportation
improvements. Additionally, Congress provided that for Federal-aid projectsnot on
the National Highway System, the States have the flexibility to develop and apply
criteriathey deem appropriate.

It is important, therefore, that we work with our State and local transportation
colleaguesto shareideasfor proactive, community-oriented designsfor transportation
facilities. In thisguide, we encourage designersto become partnerswith transportation
specialists, landscape architects, environmental specialists, and otherswho can bring
their unique expertise to the important task of improving transportation
decisionmaking and preserving the character of this Nation’s communities. As
illustrated in the guidance, we can encourage creativity, while achieving safety and
efficiency, through the early identification of critical project issues, and through
consideration of community concerns before major decisionsseverely limit design
options.

We believe that design can and must play amajor role in enhancing the quality of
our journeys and of the communities traveled. This guide will help you achieve
those dual purposes.

Sincerely yours,
A T
_Kpeet £ ﬁz»imei
£ ? : ____i---
Jane F. Garvey e
Acting Federal

Highway Administrator
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Foreword

FOREWORD

This Guideisabout designing highwaysthat incorporate community valuesand are
safe, efficient, effective mechanisms for the movement of people and goods. Itis
written for highway engineers and project managers who want to learn more about
the flexibility available to them when designing roads and illustrates successful
approaches used in other highway projects. It can a so be used by citizenswho want
to gain abetter understanding of the highway design process.

Congress, intheIntermodal Surface Transportation Efficiency Act (ISTEA) of 1991
and the National Highway System Designation (NHS) Act of 1995, maintained a
strong national commitment to safety and mobility. Congress also made acommitment
to preserving and protecting the environmental and cultural values affected by
transportation facilities. The challengeto the highway design community isto find
design solutions, aswell as operational options, that result in full consideration of
these sometimes conflicting objectives.

To help meet that challenge, this Guide hasbeen prepared for the purpose of provoking
innovative thinking for fully considering the scenic, historic, aesthetic, and other
cultural values, along with the safety and mobility needs, of our highway
transportation system. This Guide does hot establish any new or different geometric
design standards or criteriafor highwaysand streetsin scenic, historic, or otherwise
environmentally or culturaly sensitive areas, nor doesitimply that safety and maobility
arelessimportant design considerations.

When Congress passed ISTEA in 1991, in addition to safety, it emphasized the
importance of good design that issensitivetoits surrounding environment, especialy
in historic and scenic areas. Section 1016(a) of ISTEA states:

If a proposed project ...involves a historic facility or islocated in
an area of historic or scenic value, the Secretary may approve
such project ...if such project is designed to standards that allow
for the preservation of such historic or scenic value and such
project isdesigned with mitigation measuresto allow preservation
of such value and ensure safe use of the facility.

Aesthetic, scenic, historic, and cultural resourcesand the physical characteristics of
an areaare a\waysimportant factors because they help giveacommunity itsidentity
and sense of place and are a source of local pride.

Page v



In 1995, Congress reemphasized and strengthened this direction through the NHS
Act, which states, in section 304:

A design for new construction, reconstruction, resurfacing...
restoration, or rehabilitation of a highway on the National
Highway System (other than a highway also on the Interstate
System) may take into account...[in addition to safety, durability
and economy of maintenance] ...

(A) the constructed and natural environment of the area;

(B) the environmental, scenic, aesthetic, historic, community, and
preservation impacts of the activity; and

(C) access for other modes of transportation.

The National Highway System (NHS) consists of approximately 161,000 miles of
roads, including the Interstate System, or 4 percent of the total highway mileage.
The primary purpose of the NHS is to ensure safe mobility and access. By
emphasi zing theimportance of good design for these roads, Congressis saying that
careful, context-sensitive design is a factor that should not be overlooked for any
road.

APolicy on the Geometric Design of Highways and Sreets (Green Book), published
by the American Association of State Highway and Transportation Officials
(AASHTO), containsthe basic geometric design criteriathat establish the physical
features of aroadway. This Guideis correlated to alarge extent to the Green Book
because that is the primary geometric design tool used by the highway design
community. Like the Green Book, this Guide contains sections on functional
classification, design controls, horizontal and vertical alinement, cross-section
elements, bridges, and intersections. There are many good projects highlighted in
this Guide that were achieved working within the parameters of the Green Book to
obtain safety and mobility and to preserve environmental and cultural resources.
These projects used theflexibilitiesthat are available within the criteriaof the Green
Book. These projects a so used acomprehensive design process, involving the public
and incorporating a multidisciplinary design approach early and throughout the
process.

If highway designers are not aware of opportunitiesto use their creative abilities,
the standard or conservative use of the Green Book criteriaand related State standards,
along with alack of full consideration of community values, can cause aroad to be
out of context with its surroundings. It may also preclude designers from avoiding
impacts on important natural and human resources.
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Foreword

This Guide encourages highway designersto expand their consideration in applying
the Green Book criteria. It showsthat having aprocessthat isopen, includes public
involvement, and fosters creative thinking is an essential part of achieving good
design. This Guide should be viewed as a useful tool to help highway designers,
environmentalists, and the public move further a ong the path to sensitively designed
highways and streets by identifying some possible approaches that fully consider
aesthetic, historic, and scenic values, along with safety and mobility. It a so recognizes
that many designers have been sensitiveto the protection of natural and human-made
resources prior to ISTEA.

The decision to use and apply the conceptsillustrated and discussed in the Guidefor
any specific project remains solely with the appropriate State and/or local highway
agencies. In addition, whilemany of the conceptsdiscussed will clearly aid thedecision
process, it must be recognized that changes in the design or design criteriawill not
alwaysresolve every issueto amutual level of satisfaction.
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Introduction

INTRODUCTION

Animportant concept in highway designisthat every project isunique. The setting
and character of the area, the values of the community, the needs of the highway
users, and the challenges and opportunities are unique factors that designers must
consider with each highway project. Whether the design to be developed is for a
modest safety improvement or 10 milesof new-location rural freeway, thereareno
patented solutions. For each potential project, designers are faced with the task of
bal ancing the need for the highway improvement with the need to safely integrate
the design into the surrounding natural and human environments.

In order todo this, designersneed flexibility. There are anumber of optionsavailable
to State and local highway agency officials to aid in achieving a balanced road
design and to resolve designissues. Theseincludethe following:

» Usetheflexibility within the standards adopted for each State.

* Recognize that design exceptions may be optional where
environmental consequencesare great.

» Beprepared to reevaluate decisions made in the planning phase.

» Lower the design speed when appropriate.

* Maintain the road's existing horizontal and vertical geometry and
cross section and undertake only resurfacing, restoration, and

rehabilitation (3R) improvements.

» Consider developing alternative standardsfor each State, especially
for scenic roads.

» Recognize the safety and operational impact of various design
features and modifications.
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This Guide illustrates the flexibility already available to designers within adopted
State standards. These standards, often based on the AASHTO Green Book, allow
designers to tailor their designs to the particular situations encountered in each
highway project. Often, these standards a one provide enough flexibility to achieve
aharmonious design that both meetsthe objectives of the project and is sensitiveto
the surrounding environment.

When faced with extreme social, economic, or environmental consequences, itis
sometimes necessary for designersto look beyond the“ givens® of ahighway project
and consider other options. The design exception processisone such alternative. In
other cases, it may be possible to reevaluate planning decisions or rethink the
appropriatedesign.

For existing roads, sometimes the best option isto maintain the road asis or make
only modest 3R improvements. Since the passage of ISTEA, States also have the
ability to develop new standards outside the Green Book criteriafor all roadsnot on
the NHS. It is important, however, to recognize that the Green Book criteria are
based on sound engineering and should be the primary source for design criteria.
When theimpact of the proposed action iseval uated and flexible design considerations
are appropriate, they should be investigated.

All these options may give designersflexibility to usetheir expertise and judgment
indesigning roadsthat fit into the natural and human environments, whilefunctioning
efficiently and operating safely.

The ultimate decision on the use of existing flexibility rests with the State design
team and project managers. Each situation must be evaluated to determine the
possibilitiesthat are appropriatefor that particular project. Managers are encouraged
to allow the designers to work with staff members from other disciplinesto aid in
exploring options, constraints, and flexibilities.
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Chapter 1

A successful process includes
designer and community

involvement from the beginning.
(Rt. 123/124 in New Ipswich
Village, NH)

Chapter 1

OVERVIEW OF THE HIGHWAY
PLANNING AND DEVELOPMENT

PROCESS

wnnARFER O
LL! l||||| nml |r._:

Highway design is only one element in the overall highway devel opment process.
Historically, detailed design occurs in the middle of the process, linking the
preceding phases of planning and project devel opment with the subsequent phases
of right-of-way acquisition, construction, and maintenance. Whilethese are distinct
activities, thereisconsiderable overlap in terms of coordination among the various
disciplines that work together, including designers, throughout the process.

It is during the first three stages, planning, project development, and design, that
designers and communities, working together, can have the greatest impact on the
final design features of the project. In fact, the flexibility available for highway
design during the detailed design phase is limited a great deal by the decisions
made at the earlier stages of planning and project development. This Guide begins
with a description of the overall highway planning and development process to
illustrate when these decisions are made and how they affect the ultimate design of
afacility.
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Chapter 1

THE STAGES OF HIGHWAY DEVELOPMENT

Although the names may vary by State, the five basic stages in the highway
development processare: planning, project development (preliminary design), final
design, right-of-way, and construction. After construction is completed, ongoing
operation and maintenance activities continue throughout the life of the facility.

Planning

Project
Development

Figure 1.1

Although these activities are distinct, there is
considerable overlap between all phases of
highway planning and development.

Final Uesign

Right-of-Way

Construction

Planning

The initial definition of the need for any highway or bridge improvement project
takes place during the planning stage. This problem definition occurs at the State,
regional, or local level, depending on the scale of the proposed improvement. This
isthekey timeto get the public involved and provideinput into the decision-making
process. The prablems identified usualy fall into one or more of the following
four categories:

1. Theexisting physical structure needs major repair/
replacement (structure repair).

2. Existing or projected future travel demands exceed available
capacity, and access to transportation and mobility need to be
increased (capacity).

3. Therouteis experiencing an inordinate number of safety and
accident problemsthat can only be resolved through physical,
geometric changes (safety).

4. Developmenta pressuresaong theroute make areexamination
of the number, location, and physical design of access points
necessary (access).
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Chapter 1

Increased public involvement in
highway planning and development
is essential to success.

Whichever problem (or set of problems) isidentified, it isimportant that
all parties agree that the problem exists, pinpoint what the problemis, and
decide whether or not they want it fixed. For example, some communities
may acknowledge that aroadway is operating over its capacity but do not
want to improve the roadway for fear that such action will encourage more
growth along the corridor. Road access may be a problem, but acommu-
nity may decide it is better not to increase access,

Obtaining a community consensus on the problem requires proactive public
involvement beyond conventional public meetings at which well-devel oped design
aternatives are presented for public comment. I f a consensus cannot bereached
on the definition of the problem at the beginning, it will be difficult to move
ahead in the process and expect consensus on thefinal design.

Planning Occurs at Three Government Levels

Sate Planning. At the State level, State DOT S are required to develop and maintain
a statewide, multimodal transportation planning process. Broad categories of
highway improvement needs are defined, based primarily on ongoing examinations
of roadway pavement conditions and estimates of present-day and 20-year
projections of traffic demands. In addition, each Stateisrequired to conduct biennial
inspections of its major bridges (and similar, less frequent, inspections of minor
structures) to determinetheir structural adegquacy and capacity. Inanumber of States,
regional transportation plans for multiple counties are prepared within the context
of the statewide planning process. Every few years, the State selects improvement
projects based on the longrange-plan and includes them in the Statewide
Transportation Improvement Program, or STIP.
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Regional Planning. State efforts are supplemented in urbani zed areas with a popu-
lation of more than 200,000 through the metropolitan transportation planning pro-
cess. Metropolitan planning organizations (M POs) devel op their own regional plans,
unlike non-M PO areas, which must rely on the State planning process. The metro-
politan planning process requires the development of along-range plan, typically
prepared with a20- to 25-year planning horizon. The plan not only definesaregion’s
multimodal transportation needs, but also identifies the local funding sources that
will be needed to implement the identified projects. Each urbanized area or MPO
then usesthisinformation to prepare ashorter, more detailed listing and prioritization
of projectsfor which work is anticipated within the next 3 to 5 years. Thelisting of
these projects is referred to as the shortrange Transportation Improvement Pro-
gram, or TIPThe TIPisincorporated into the STIP

Local Planning. Most cities and counties follow a similar process of project iden-
tification, conceptual costing, and prioritization of the roadways for which they are
responsible. Generally, these are roads that are not the responsibility of the State
DOT. However, the State must work with localities to get their input into the
long-range plan and STIP

Factors To Consider During Planning

It isimportant to look ahead during the planning stage and consider the potential
impact that a proposed facility or improvement may have while the project is till
in the conceptual phase. During planning, key decisions are made that will affect
and limit the design options in subsequent phases. Some guestions to be asked at
the planning stage include:

« How will the proposed transportation improvement affect the
general physical character of the area surrounding the project?

» Does the area to be affected have unique historic or scenic
characteristics?

» What arethe safety, capacity, and cost concerns of the community?

Answersfor such questions are found in planning-level analysis, aswell asin pub-
lic involvement during planning.
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Chapter 1

An urban boulevard that evolved from
a freeway concept.

(Martin Luther King, Jr., Boulevard
Baltimore, MD)

PROJECT DEVELOPMENT

After a project has been planned and programmed for implementation, it moves
into the project development phase. At this stage, the environmental analysis
intensifies. Thelevel of environmental review varieswidely, depending onthescale
and impact of the project. It can range from a multiyear effort to prepare an
Environmental Impact Statement (a comprehensive document that analyzes the
potential impact of proposed alternatives) to a modest environmental review
completed in a matter of weeks. Regardless of the level of detail or duration, the
product of the project development process generally includes a description of the
location and major design features of the recommended project that isto be further
designed and constructed, while continually trying to avoid, minimize, and mitigate
environmental impact.

The basic steps in this stage include the following:

Refinement of purpose and need

» Development of arange of alternatives (including the “ no-build”
and traffic management system [TMS] options)

Evaluation of alternatives and their impact on the natural and
built environments

» Development of appropriate mitigation
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In general, decisions made at the project development level help to definethe major
features of the resulting project through the remainder of the design and construction
process. For example, if the project development process determines that an
improvement needs to take the form of afour-lane divided arterial highway, it may
bedifficult in thedesign phaseto justify providing only atwolane highway. Similarly,
if the project devel opment phase determines that an existing truss bridge cannot be
rehabilitated at a reasonable cost to provide the necessary capacity, then it may be
difficult to justify keeping the existing bridge without investing in the cost of a
totally new structure.
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Scoping

Just as in planning, there are many decisions made during the scoping phase of
project devel opment, regardless of the level of detail being studied. Therefore, itis
important that the various stakeholders in the project be identified and provided
with the opportunity to get involved (see Figure 1.3). Agency staff can identify
stakeholders by asking individuals or groups who are known to be interested or
affected to identify others and then repeat the process with the newly identified
stakeholders. A good community impact assessment will also help identify
stakehol dersand avoid overlooking inconspicuous groups. Thegeneral public should
not be omitted, although a different approach is usually needed with the general
public than with those who are more intensely interested. The Federal Highway
Administration (FHWA) has recently published aguide entitled, Community | mpact
Assessment: A Quick Reference for Transportation, that describes this community
impact assessment process.’
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Scoping brings all participants into
the process.



Chapter 1

Assessing the Character of an Area

In order for adesigner to be sensitive to the project’s surrounding environment, he
or she must consider its context and physical location carefully during this stage of
project planning. This is true whether a house, a road, a bridge, or something as
small as a bus passenger waiting shelter isto be built. A data collection effort may
be needed that involves site visitsand contacts with residents and other stakeholders
in the area. A benefit of the designer gathering information about the physical
character of the area and the values of the community is that the information will
help the designer shape how the project will look and identify any physical
constraints or opportunities early in the process (see Figure 1.4).

The physical character of an
area can vary, from a peaceful
countryside...

(Snickersville Turnpike,
Loudoun County, VA)

... to an urban corridor.

(Martin Luther King Blvd.,
Baltimore, MD)
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Preservation of
Prehistoric and
Historic
Archaeological Sites

“)A Recognition of Special
W e R T Viewsheds and Scenic Character

Preservation of
Historic Landscapes

Respect of Rivers, Streams,
and Natural Drainage Ways
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Respect for
Historic Road Traces
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P Mountains, Rivers, Oceans,
AN IS A LRI i Lakes, and Horizons

Preservation of Natural
Land Forms

Some of the questions to ask at this stage include:

* What arethe physical characteristics of the corridor? Isit in an urban,
suburban, or rural setting?

* How isthe corridor being used (other than for vehicular traffic)? Are
there destination spots along the traveled way that require safe access
for pedestrians to cross? Do bicycles and other nonmotorized vehicles
or pedestrians travel along the road?

« What is the vegetation along the corridor? Is it sparse or dense; are
there many trees or special plants?

« Arethere important viewsheds from the road?

» What is the size of the existing roadway and how does it fit into its
surroundings?
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Figure 1.4
(continued)
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* Are there historic or especially sensitive environmental features
(such as wetlands or endangered species habitats) along the
roadway?

* How does the road compare to other roads in the area?

* Arethere particular features or characteristics of the area that the
community wantsto preserve (e.g., arural character, aneighborhood
atmosphere, or amain street) or change (e.g., busy electrical wires)?

* Isthere more than one community or socia group inthe area? Are
different groupsinterested in different features/characteristics?Are
different groups affected differently by possible solutions?

* Are there concentrations of children, the elderly, or disabled
individuals with special design and access needs (e.g.,pedestrian
crosswalks, curb cuts, audibletraffic signals, median refuge areas)?
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FINAL DESIGN

After apreferred alternative has been selected and the project description agreed
upon as stated in the environmental document, a project can move into the final
design stage. The product of this stage is a complete set of plans, specifications,
and estimates (PS& Es) of required quantities of materialsready for the solicitation
of construction bids and subsequent construction. Depending on the scale and
complexity of the project, the final design process may take from afew monthsto
several years.

The need to employ imagination, ingenuity, and flexibility comesinto play at this
stage, within the general parameters established during planning and project
development. Designers need to be aware of design-related commitments made
during project planning and project development, as well as proposed mitigation.
They also need to be cognizant of the ability to make minor changesto the original
concept developed during the planning phase that can result in a “better” final
product.

Theinterestsand involvement of affected stakeholdersarecritical to making design
decisionsduring this phase, aswell. Many of the same techniques employed during
earlier phases of the project development process to facilitate public participation
can also be used during the design phase.

The following paragraphs discuss some important considerations of design,
including:

« Developing a concept
* Considering scale and
* Detailing the design.

Developing a Concept

A design concept gives the project afocus and helps to move it toward a specific
direction. There are many elements in a highway, and each involves a number of
separate but interrel ated design decisions. Integrating all these elementsto achieve
acommon goal or concept helps the designer in making design decisions.

Some of the many elements of highway design are illustrated in Figure 1.5,
including:

() Number and width of travel lanes, median type and width, and shoulders
(b) Traffic barriers
(c) Overpasses/bridges

(d) Horizontal-and vertical alinement, and affiliated landscape.
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Chapter 1

Figure 1.6

A multidisciplinary design team
consists of some of these
professionals.

For this overpass, an artist and structural
engineers worked together to achieve a
design that representsthe unique

characteristics of the area.

(Thomas Road Overpass, Phoenix, AZ)

Having amultidisciplinary team can assist in establishing adesign “theme” for the
road or determining the existing character of acorridor that needsto be maintained.
Design consistency from the perspective of physical size and visual continuity is
animportant factor when making such improvements, and amultidisciplinary design
team can assist in maintaining that consistency.

The earlier the multidisciplinary team is formed, the better. As with the public,
various professionals need to be involved in the decision-making process early,
when they can have the most effectiveimpact on the eventual design of aproject. In
thisway, it is possible to avoid having to force-fit aesthetic design treatments, such
as landscape treatments, as “add-ons’ to the project to try to “pretty up” a design
that isn’t quiteright or onethat is unacceptable to the community. The opportunities
for landscape architects, architects, planners, urban designers, and others will be
enhanced, and the chances of asuccessful project increased, if their skillsare utilized
from the beginning. A multidisciplinary design team may consist of some of the
professionals listed in Figure 1.6, in addition to highway engineers.

traffic engineers urban designers
ecologists historians
transportation and urban planners hiologists
social scientists archaeologists
landscape architects geologists
architects artists
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Chapter 1

Piers were designed and decorated with art
forms from the Hohokam tribe, whose
ancient burial ground is near the overpass.
(Thomas Road Overpass, Phoenix, AZ)

Using the concept approach helpsto achieve aholistic design for the project. Using
the surrounding context and public input to guide the development of the concept
helps to ensure that the project is in harmony with its surroundings and that the
elements of the project are in harmony with each other.

An excellent example of a holistic design approach is the Merritt Parkway in
Connecticut. Designed and built in the 1930’s, its overall design philosophy wasto
build agraceful highway set in anatural environment. This was achieved by using
long, gradual vertical curves, rounding out rockcutsto produce anatural appearance,
and most important, integrating the travel ed way into the terrain through choice of
alinement and a carefully planned landscape. The result was a highway that not
only met traffic demand, but was al so a scenic escape for inhabitants of the urbanized
areasit served.

The Merritt Parkway is almost undetectable
beneath this country road.
(Fairfield County, CT)
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Chapter 1

Mainline of the Merritt Parkway.
(Fairfield Co., CT)

A double-span stone bridge
along the Merritt Parkway.

Traveling along the 61-km (38-mil€) route today, it's easy to seehow all the elements
of the roadway fit together to achieve this parkway concept. The setting, with its
vegetation, appears natural. The pavement width is minimal; opposing traffic is
separated by agrass median and most shoulders are covered with grass. Despitethe
population growth that has devel oped around the parkway, and in many casesdirectly
up to the parkway, the density of trees and the carefully planned topography hide
this devel opment from view. One of the most striking features of the parkway isits
bridges. There are 72 in all (35 of which carry intersecting crossroads over the
parkway), and each is designed differently. Even the materials used vary
considerably, from stone to concrete to steel, yet they all work together, because
they are all designed within the same scale. They are al approximately the same
length and height, which givesthe appearance that they all belong together, despite
the fact that some are arch construction and some post and beam.
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Chapter 1

A stone bridge - another of the unique
overpasses on the Merritt Parkway.

For existing roads, where improvements may only involve a small section of the
road, there may not be the need to devel op an entirely new concept for the roadway.
In fact, it would probably be inappropriate to do so, because the result would be
that one small section of the roadway looked much different than the rest. It is
important in these cases to be consistent with the existing design of the overall
route, using the information gathered to assess the character of the area and to
design with sensitivity to that character.

An exception might be when the environment of the road changes along a short
section. For instance, a rura collector may change characteristics as it enters a
town and becomes an urban street for a few blocks, then changes back to a rural
collector. Designers working on the urban section of the street do not have to be
consistent with the look of the road outside the urban environment, because its
character isso different. Both the urban and rural sections should, however, maintain
the same general scalein terms of roadway width.

Page 14



Chapter 1

Main streets are much more pedestrian
friendly, partly because of their design scale,
than the typical

modern commercial strip

A typical “modern” commercial strip.

A “main street.”
(Bellevue Avenue, Newport, RI)

Considering Scale

Peopledriving in acar see theworld at amuch different scale than people walking
on the street. This large discrepancy in the design scale for acar versus the design
scalefor people has changed the overall planning of our communities. For example,
it has become common in many suburban commercial areas that a shopper must
get inthe car and drive from one store to the next. Except in the case of strip malls,
stores are often separated by large parking lots and usually have no safe walkways
for pedestrians. This makesit difficult to get around any other way but by car. This
type of design scale isin sharp contrast to pre-automobile commercial areas that
commonly took the form of “main streets,” where walking from one store to the
next ,was the norm.
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Trying to accommodate users of the road who have two different design scalesisa
difficult task for designers; however, designers must always consider the safety of
pedestrian and nonvehicular traffic, along with the safety of motorists. Both are
users of the road. In many road designs, pedestrian needs were considered only
after the needs of motorized vehicles. Not only does this make for unsafe condi-
tionsfor pedestrians, it can also drastically change how aroadway corridor isused.
Widening a roadway that once allowed pedestrian access to the two sides of the
street can turn the roadway into a barrier and change the way pedestrians use the
road and its edges.

This recently reconstructed urban street
preserves the pedestrian scale.
(Westminster, MD)
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On this scenic road, grass shoulders were
considered to be appropriate and contribute
to both the aesthetics and function of the
road. (Savannah River Scenic Byway, SC)

The design element with the greatest effect on the scal e of the roadway isitswidth,
or cross section. The cross section caninclude aclear zone, shoulder, parking lanes,
travel lanes, and/or median. The wider the overall roadway, the larger its scale;
however, there are some design techniques that can help to reduce the perceived
width and, thus, the perceived scale of the roadway. Limiting the width of pave-
ment or breaking up the pavement is one option. In some instances, four-lane road-
ways may look lessimposing by designing agrass or planted median in the center.
Grass shoulders, such as those often used in many parts of the southeastern United
States, limit the perceived width of the roadway and still provide abreakdown area
for motorists. These types of shoulders may be appropriate, depending on the con-
text of the area; volume, type, and speed of traffic; and the needs of pedestriansand
bicyclists. Green space between sidewa ks or nonmotorized vehicle paths and the
travel lanes also helps to break up the perceived width of the pavement.

Elements (or alack of elements) along the roadside also contribute to the perceived
width of the road and can even affect the speed at which motorists travel. With all
else being equal, the wider the perceived road, thefaster motoristswill travel. Along
with horizontal and vertical alinement, cross-section elements, and other elements,
such as vegetation along the roadway, buildings closeto the road, on-street parking,
and even noise walls, may contribute to reducing the perceived width and speed of
the road. Considering these elements is important in designing a facility that is
compatible with its surroundings.
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Shoulder design and elements along
the roadside contribute to the per-
ceived width of the roadway.

Rural highway with no shoulder and
vegetation along the roadway.

A two-lane rural highway with paved
shoulder and sparse vegetation.
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Detailing the Design

Particularly during thefinal design phase, it isthe details associated with the project
that areimportant. Employing amultidisciplinary design team ensuresthat important
design details are considered and that they are compatible with community val ues.
Often it is the details of the project that are most recognizable to the public. A
special type of tree that was used as part of the landscape plan, antique lighting,
brick sidewalks, and ornamental traffic barriers are all elements of a roadway that
are easily recognizable and leave an impression. Because of their visibility, the
treatment of detailsisacritical element in good design.

For instance, the stonewall appearance of the traffic barriers on the
BaltimoreWashington Parkway isone of thefirst elements noticed by driversusing
that route. If aplain concrete barrier had been used instead, the overall appearance
of the parkway would change considerably. A design that requiresno traffic barriers
whatsoever may be considered even more aesthetically pleasing than improved
barrier designs, even if they are given a pleasing design treatment.

[-35E, which passes through downtown St. Paul, MN, incorporated many design
elements (such as ornate bridge rails and lighting, planted medians, and street
furniture) to achieve the identified project goals of integrating the freeway into the
urban environment, designing a gateway into downtown, providing pedestrian
access, and reflecting the history and character of the area.

Such features astraffic barriers (or the lack of traffic barriers), bridge rails, and the
treatment of overpasses, medians, and landscape development should be integral
parts of the design process, not left to the end or forgotten entirely.
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A multidisciplinary design team can produce
an aesthetic and functional product when
the members work together and are flexible
in applying guidelines.
(Baltimore-Washington Parkway, MD)
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An innovative barrier design was used on
the Baltimore-Washington Parkway.(MD)

Much consideration was given to the details
of I-35E (St. Paul, MN)
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RIGHT-OF-WAY, CONSTRUCTION, AND MAINTENANCE

Once the fina designs have been prepared and needed right-of-way is purchased,
construction bid packages are made available, a contractor is selected, and
constructionisinitiated. During the right-of-way acquisition and construction stages,
minor adjustments in the design may be necessary; therefore, there should be
continuous involvement of the design team throughout these stages. Construction
may be simple or complex and may require a few months to several years. Once
construction has been completed, thefacility isready to begin its normal sequence
of operations and maintenance.

Even after the completion of construction, the character of a road can be changed
by inappropriate maintenance actions. For example, the replacement of sections of
guardrail damaged or destroyed in crashes commonly utilizes whatever spare
guardrail sections may be available to the local highway maintenance personnel at
the time. The maintenance personnel may not be aware of the use of a special
guardrail design to define the “character” of the highway. When special design
treatmentsare used, ongoing operation and maintenance procedures acknowledging
these unusual needs should be developed. For example, the Oregon DOT has
developed a specia set of maintenance procedures for its scenic and historic
highways.
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Rehabilitated bridge railings along the
historic Columbia River Highway.
(Hood County, OR)
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Table 1.1
Summary of the Highway Planning and
Development Process

ELEMENTS OF A SUCCESSFUL PROCESS

Table 1. 1 summarizesthefive basic stagesin highway planning and devel opment.

Stage Description of Activity

Planning State 00Ts, MPOs, and local governments identity
transportabion needs and program projecis to be buikt
within financial constraints.

Project The transportation project is more clearly defined
Development Alternative locations and design features are developed
and an alternative is selected

Design The design team develops detadled PREEs

Right-of-Way Additional land needed for the project is purchased.

Construction The State or local government sebects the contractor, wio
then builds the project.

In other words, a successful highway design process includes the following:
* Early and continuous public involvement throughout the project
* The use of visualization techniques to aid the public
* Early and continuous use of a multidisciplinary design team
* The application of flexible and creative design criteria
Some of these elements are discussed in the following paragraphs.

Public I nvolvement. A successful highway process includes public involvement.
To be effective, public involvement must be sought from the beginning, during the
definition of need for the project. The public should be involved while there are
the greatest opportunities for changes in the design. This will result in a smoother
and faster process.

Public input can also hel p in assessing the characteristics of the areaand determining
what physical features are most valued by the community, thus having the greatest
potential for impact. Knowing the features of an areaare valued may help designers
avoid them altogether and reduce the need for mitigation and the likelihood for
controversy. After working with the community to define the project and assessthe
physical character, continuous public involvement is important to gain input on
possible alternatives.
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| dentifying community values, defining the project need with the public, gathering
information on the area, and solving design conflicts with the public necessitate a
proactive public involvement effort going far beyond the usua presentation of
well-developed design aternatives at formal public meetings and hearings. For
example, by using a workshop meeting format early in project design, highway
designers can ask members of the public to identify types of design features that
they find appealing or unappealing. In September 1996, the FHWA and the Federal
Transit Administration (FTA) issued Public Involvement Techniques for
Transportation Decisionmaking, which describesawide variety of theseinnovative
public involvement techniques.’

Visualization Tools. The most effective communication between two parties takes
place when both speak the same language. This can be achieved in design using
illustrations that show the public what a project will look like before it is built.
Increasingly, computer-generated visualization tool s are being used for this purpose.
Designers can communicate conceptually what they are planning for an area, and
citizens can react with a certain degree of confidence that they understand what is
being communi cated to them. Lower end computer systems use a photograph taken
of the existing project area and superimpose a drawing, using computer graphics,
of what the new construction will look like. Visualization tools, such asthese, help
the public gain a better understanding of the proposed improvement project.

Chapter 1
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these images showing the public a proposed
highway improvement.
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The FHWA and FTA have recently published Public Involvement Techniques for
Transportation Decisionmaking. Thisbook describesmany specific publicinvolve-
ment techniques, such as charettes or interactive video displays. The foreword to
the report and the “Taking Initial Steps” sections at the end of each chapter intro-
duce the reader to approachesto developing and carrying out a public involvement
strategy. A limited number of copies is available by phoning the Environmental
Operations Division of FHWA at 202-366-2065. The FHWA Internet home page
has a electronic version that can be downloaded and searched. The FHWA home
page addressiis http://www.fbwa.dot.gov. Press the publications and statistics but-
ton on the home page for alisting of reports that can be downloaded.

Public Involvement Techniques for Transportation Decisionmaking helps high-
way designers who are seeking ways to enable the public to contribute construc-
tively to planning and designissues. The project presentations and statementsfrom
the public during traditional public meetings and public hearings are often more
conducive to taking stands than to solving difficult design issues. This publication
offers both highway designers and citizens awealth of specific ideas and contacts
for more information in the following topic areas:

» “Informing People Through Outreach and Organization” provides
avariety of waysto orchestrate public contactsto enable aflow of
information between the public and the agency, where it can be
used effectively in the design process.

* “Involving People Face-to-Face Through Meetings’ shows how to
make meetings interactive occasions where people can discuss
design issues and work together on solutions.

o “Getting Feedback From Participants’ provides new ideas and
perspectives and helps agencies determine how well citizens
understand complex issues. Feedback may indicate that more
information is needed for better understanding.

e “Using Special Technigues To Enhance Participation” provides
waysto capture and maintain attention in today’ s busy environment.
Gradually declining attendance and a lack of .questions from
citizens may indicate that involvement is faltering and in need of
rejuvenation.
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Another useful guide is Community Impact Assessment: A Quick Reference for
Transportation, also published by FHWA. This guide discusses the need for the
full consideration of possible adverse social, economic, and environmental effects
related to highway projects and how to address these concerns during the planning
and development stages of a project.

A panel of State DOT and local government technical specialists were brought
together primarily to frame a practical process for assessing community impact.
The specialists developed the process based on their collective experience with
FHWAs National Environmental Policy Act (NEPA) process and ISTEA. The
resulting process parallels the FHWA NEPA process and is presented with
introductory information on community impact assessment: why an assessment
should be conducted, itslegal backing, how to define community, the community’s
rolein project development and in the last section available resources.

Much of the bookl et focuses on the community impact assessment process, including
how it should work and its components. Public involvement is a common thread
that runs throughout the process. Sections include:

* Defining the Project

« Developing a Community Profile
* Collecting Data

 Analyzing Community Impacts

* Selecting Analysis Tools

* |dentifying Solutions

« Using Public Involvement

» Documenting the Findings.

To obtain copies of this brochure, call the FHWA, Environmental Operations
Division at 202-366-0106.

A SateHighway Project in Your Town? Your Rolesand Rights: APrimer for Citizens
and Public Officials, by Vermont architect Jim Wick, also approaches highway
design from a different viewpoint. Although written specifically for citizens and
public officia sinthe State of Vermont, all will find thishandbook useful for gaining
abetter understanding of the highway planning and design process. It givestipsfor
how communities can get involved so that towns can achieve the kinds of road
projects they want. Included in the handbook are the following sections:

* The Highway Planning and Development Process
« Overview of Highway Design Principles

» Highway Laws, Regulations, and Policies
 Strategies for Your Town

Copies of this booklet are available from the Preservation Trust of Vermont, 104
Church Street, Burlington, VT 05401.
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Chapter 2

HIGHWAY DESIGN STANDARDS

The Colonial Parkway connects Jamestown,
Williamsburg, and
Yorktown, VA.

20

THE AASHTO GREEN BOOK

What the Green Book Contains

The reference most often used by designers during the design of a highway project
is commonly referred to as the Green Book. Its official title is A Policy on the
Geometric Design of Highways and Sreets. It has been published by the AASHTO, in
one form or another, since the late 1930’s, with the most recent edition issued in
1994.
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Although often viewed as dictating a set of national standards, this document is
actually aseries of guidelines on geometric design within which the designer has
arange of flexibility. As stated in the forward to this document:

Theintent of thispolicy isto provide guidanceto the designer
by referencing a recommended range of values for critical
dimensions. Sufficient flexibility is permitted to encourage
independent designs tailored to particular situations. (p. xliii).

In order for the design criteriain the Green Book to become a standard, they must
be adopted by a particular State (or may be set by court decision). The FHWY has
adopted applicable parts of the Green Book as the national standard for roads on
the NHS. These roads comprise all the interstates and some other primary routes.
The design of roads other than those on the NHS is subject to the standards of the
particular State. The standards adopted by a State are usually based on the Green
Book criteria.

What the Green Book Does Not Contain

The Green Book is not a design manual. It provides guidance on the geometric
dimensions of theroadway. Thisincludeswidthsof travel lanes, medians, shoulders,
and clear zones; the width and shape of medians; turning radii; and other dimensions.
There are many aspects of design that are not directly addressed in the Green Book.
A number of these items are asfollows:

* Problem definition

* Project definition

« Definition of the termini of the project

» Development of a project concept

* Aesthetic treatment of surfaces

* Design within the appropriate context

« Selection of the appropriate guardrail/bridge rail

 Determination of functional classification

* Determination of the appropriate functional requirements, capacity,
and level of service

e Structure design

* Landscape devel opment

 Selection of light fixtures

 Roadside development

Traffic operations

Some of these items are addressed by reference in the Green Book, including:

1. The Roadside Design Guide, AASHTO, 1996.

2. The Manual on Uniform Traffic Control Devices for Highways
and Sreets (MUTCD), FHWA, 1988.

3. A Guide for Transportation Landscape and Environmental
Design, AASHTO, June 1991.

4. Guide for the Development of Bicycle Facilities AASHTO,
August 1991.

Chapter 2
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Chapter 2

An example of a road designed within the
appropriate context-as a gateway to a
beach resort. This is a design aspect the
Green Book is not intended to address.
(Clearwater, FL)

Many fundamental questions that affect roadway design must be answered before
the design phase begins and the application of the Green Book and/or State standards
comes into play. Decisions are made during planning and project development,
and it is then that road design starts. Decisions that are made before the design
phase include:

»  Whether the proposed improvement will be two, four, six, or
eight lanes

*  Whether the facility will have a median

* Whether roadway junctions will be at-grade intersections or
grade separated interchanges.

Designinvolvesthedifficult process of merging these previously determined design
decisions with the appropriate design criteria used in the Green Book, working
within the existing environmental and other important constraints, and using a
designer’s best judgment and experience to make decisions.
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TYPES OE HIGHWAY IMPROVEMENT PROJECTS

There are four basic types of physical improvement projects, some of which must
comply with standards and others that do not have to comply. These types of
improvement projects are discussed in the following paragraphs.

New Construction

Asitsnameimplies, thisaction involvesthe construction of anew highway facility
where nothing of its type currently exists. This might take the form of a bypass
constructed to carry through-traffic around an existing town or it might be a new
two-lane access route linking an existing arterial highway with a State park.

Reconstruction

This typically involves a magjor change to an existing highway within the same
general right-of-way corridor. In many parts of the country, roadsthat wereoriginally
constructed in the early 20th century astwo-lane “farm-to-market” roads have been
reconstructed over the past few decades into multilane divided arterials to better
accommodate the travel demands generated by suburban development.
Reconstruction also may involve making substantial modifications to an older
highway’shorizontal and vertica alinement in order to eliminate safety and accident
problems.
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Four types of highway
construction:

1. New Construction
2. Reconstruction
3. 3R

4. Maintenance

Reconstruction of 7th Street.
(Phoenix, AZ)
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Reconstruction can involve a major
change to the roadway appearance.

Before reconstruction

After reconstruction.
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Resurfacing, Restoration, Rehabilitation (3R)

3R projectsfocus primarily on the preservation and extension of the servicelife of
existing facilities and on safety enhancements. Under the classification of 3R
projects, the types of improvements to existing federal-aid highways include: re-
surfacing, pavement structural and joint repair, minor lane and shoulder widening,
minor alterations to vertical grades and horizontal curves, bridge repair, and re-
moval or protection of roadside obstacles.

Transportation Research Board Special Report 214, Designing Safer Roads, Prac-
ticesfor Resurfacing, Restoration, and Rehabilitation (1987), documentsthe result
of astudy on the cost effectiveness of highway geometric design standards for 3R
projects.’” Each State wasinvited to develop and adopt minimum design criteriafor
nonfreeway 3R projects. The result is that States typically employ design criteria
for 3R projects that are lower than those contained in the AASHTO Green Book.

Maintenance

Typically, maintenance activities consist of those actions necessary to keep an
existing highway facility in good condition. Maintenance activities include
repainting lane and edge lines, removing accumulated debris from drainage inlets,
repairing surface drainage features, mowing, and removing snow.

1 Transportation Research Board Special Report 214, Designing Safer Roads, Practices for Resurfacing,
Restoration, and Rehabilitation (1987)
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Ongoing maintenance is necessary to keep
facilities in good condition.
(Rt. 136, Westport, CT)
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Design criteria apply only to the first three of these actions: new construction,
major reconstruction, and 3R projects. In addition, because 3R projects generally
do not involve more than minor changesto roadway alinement and geometry, except
to improve safety, FHWA and the State DOTS acknowledge that the AASHTO
Green Book criteriado not aways haveto be adhered to for these projects. Because
3R projects have minimal impact, application of the Green Book design criteria
may affect character of aroadway.

As stated in the Green Book, existing roads that do not meet the guidelines for
geometric design are not necessarily unsafe and do not necessarily have to be
upgraded to meet the design criteria:

The fact that new design values are presented herein does not imply
that existing streets and highways are unsafe, nor does it mandate the
initiation of improvement projects ...For projects of thistype
(resurfacing, restoration, or rehabilitation [3R]), where major
revisions to horizontal and vertical curvature are not necessary or
practical, existing design values may be retained. (p.xliii)
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RELATIONSHIP OF THE GREEN BOOK
TO STATE AND LOCAL DESIGN MANUALS

As stated earlier, in order for the Green Book to become a standard for a particular
State, it must be adopted by that State (or may be set by a court decision). Although
all the State DOTS may not specifically use the Green Book astheir standard, State
highway design manuals do derive from, and explicitly reference, the AASHTO
Green Book. Despite this common origin, there are some variationsin terms of the
degree of adherence to all the contents of the document within the State standards.
For example, Table 2.1 presents a comparison of the minimum stopping sight dis-
tance values for a range of design speeds, as defined in the 1994 edition of the
AASHTO Green Book, compared to the most recent versions of the highway de-
sign manuals for California, Oregon, and Virginia.

Minimum Stopping Sight Distance (m)
Design Speed (kmvh} | AASHTO (1) | California DOT (2} | Oregon DOT (3) | Virginia DOT (4)
&0 T4.3—B4 6 A5 a0 &l
=Sh 11281304 130 120 120
i 15F—il1a 180 ;]l-.l 160
120 202 9—580.6 255 210 210
130 NLA. |5) 5 290 ML, M

Notes:

(1) A Policy on Geometric Design of Highways and Sreets, AASHTO, 1994 p. 120, Table I11-1.

(2) Interim Selected Metric Values for Geometric Design, California DOT, December 15, 1993, p. 2,
Table 201.1.

(3) Metric Highway Design Manual, Oregon DOT, 1994, p. 92, Figure 4-10.

(4) Road Design Manual, Volume 2 (Metric), VirginiaDOT, August 1994, p. 27, Table 111-1.

(5) N.A.=Not Applicable

The AASHTO Green Book provides a range of values for the minimum stopping
sight distance, while each of the three States provides only one minimum value. In
each instance, the California requirement is highest. Moreover, the California
stopping sight distance presents an upper limit design speed of 130 km/h (81 mph),
although AASHTO, Oregon, and Virginia standards do not acknowledge using a
design speed above 120 km/h (75 mph).

The minimum criteria established for Oregon and Virginia typically fal into the
lower to middle portion of the AASHTO range of acceptable values. This situation
is encountered in most other States, because in the past most States sought to meet
or exceed the minimum val ues established by AASHTO intheir designs, and thisis
reflected in their standards.
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New State and Local Standards

Sincethe passage of ISTEA in 1991, States have been allowed to devel op highway
design standards outside of the Green Book criteria. A number of States have ei-
ther developed or are in the process of developing new standards for roads not on
the NHS. Idaho and Maine haveimplemented such separate design standards, Colo-
rado and Vermont are at various stages of devel oping separate standards, and South
Carolina plans to do so in the near future. These standards will give designers a
greater range of flexibility when working on improvement projects to non-NHS
roads.

The Rhode Island DOT has been particularly innovative in developing new State
standards for all State roads. Rhode |sland has decided that, because it has
historic, scenic, and cultural resources along many of its roads, it would be
inappropriate to make major changes to the geometry and alinements that would
negatively affect these resources. When possible, the State DOT would prefer to
maintain existing facilities by keeping existing alinements and geometries. For
new construction, standards based on the AASHTO Green Book would be
followed. This new approach will help to preserve the resources along many of
Rhode Island’s older roads and help engineers maintain the roads in away that
the public feelsis appropriate for the communities.

Scenic roads can benefit from
new State standards.
(Snickersville Tnpk., VA)
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A number of local governments (primarily counties) have also developed their
own geometric guidelinesin recent years to allow for expanded design flexibility
on local roads. In these cases, the local design guidelines are explicitly related to
those of their respective State DOT; and/or the AASHTO Green Book.

For example, the Design Guidelines and Sandards for Scenic and Historic Roads,
published in June 1994 by the Prince George's County (Maryland) Department of
Public Works and Transportation, was prepared specifically to ensure the adequacy
and safety of any new or upgraded roadway within the county in accordance with
the guidelines and in order to preserve the scenic and historic values of adjacent
areas.
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Specific criteria for scenic roads can help
minimize impact on valuable resources,
such as these rock fences.
(Paris-Lexington Road, KY)
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THE DESIGN EXCEPTION PROCESS

Despite the range of flexibility that exists with respect to virtually all the major
road design features, there are situations in which the application of even the
minimum criteria would result in unacceptably high costs or major impact on the
adjacent environment. For such instanceswhen it isappropriate, the design exception
process allows for the use of criteria lower than those specified as minimum
acceptable valuesin the Green Book.

If the highway project is not on the NHS, the State does not need FHWA approval
for adesign exception. Under the ISTEA, the State can request an exemption from
FHWA oversight on non-NHS projects.

For projects on NHS routes, FHWA requires that all exceptions from accepted
guidelines and policies be justified and documented in some manner and requires
formal approval for 13 specific controlling criteria. The process of justification
and documentation, although not required, can befollowed by Stateswith exemption
from FHWA oversight on non-NHS projects, aswell. These criteriaare asfollows:

1. Design speed

2. Lane width

3. Shoulder width

4. Bridge width

5. Structural capacity

6. Horizontal alinement
7. Vertical ainement

8. Grade

9. Stopping sight distance
10. Cross slope

11. Superelevation

12. Vertical clearance

13. Horizontal clearance (not including clear zone)
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For the most part, design exceptions to these 13 criteria can be easily identified
and defined. Two items, horizontal clearance and design speed, warrant further
explanation.

Horizontal Clearance

For clear zones, the criteriain the AASHTO Roadside Design Guide' should be
treated as guidance and not as a national standard requiring a design exception if
not numerically met.

Design Speed

Design speed is used to determine individual design elements, such as stopping
sight distance and horizontal curvature. Therefore, adesign speed exception isan
exception to all the various design elements affected by it and should be justified
on that basis.

A few points to remember when evaluating design exceptions are as follows:

» Consideration should be given to the effect of the variance on the
safety and operation of the facility and its compatibility with adja-
cent sections of the roadway.

» Consideration should be given to the functional classification of
theroad, the amount and character of thetraffic, thetype of project,
and the accident history of the road.

e The cost of attaining full standards and any resultant impact on
scenic, historic, or other environmental features should also be ex-
amined.

« Finaly, the following three issues should be considered. What is
the degree to which a guideline is being reduced? Will the excep-
tion affect other guidelines? Are there any additional features be-
ing introduced that would mitigate the deviation?

For preventive maintenance projects, no exceptions are needed for the retention of
existing features.

2Roadside Design Guide, AASHTO, Washington, DC, 1996.
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Designing a highway that is safe and has a
minimal impact on its surrounding
environment can be a difficult task for
engineers. Sometimes a design exception is
necessary, as was the case for this project.

TORT LIABILITY AS IT RELATES TO THE GREEN BOOK

Tort claims against highway agencies have steadily risen since the early 1970's,
when the AASHTO first began surveying Statesfor information about tort liability
claims. This is partly due to the trend of no longer allowing design immunity
(sovereign immunity) for highway agenciesin ailmost all States. Thereis evidence
to believethat the majority of these casesinvolveallegations of faulty traffic control
devices or maintenance. Even though the number of cases alleging design defects
is relatively small in comparison, tort liability is still areal concern for highway
engineers.

Tortisalegal term that refersto acivil wrong that has been committed, in this case
by highway agencies. Negligenceisaterm used to refer to aclassification of tortin
which the injury is not intentional, but where there was failure to use due care in
the treatment of others compared to what a “reasonable man” would have done.
Liability isthe responsibility to make restitution to the damaged party through an
action or payment determined by the court. Finally, States protected with sovereign
immunity for design cannot be sued for decisions regarding design. (Sovereign
immunity is now only in existence in a handful of States.)

The AASHTO Green Book, other State-adopted highway standards, Federal and
State regulations and guidelines, and research publications issued by the
Transportation Research Board are often used in tort cases to educate the jury about
the standard level of practice for design. In addition, expert witnesses are used,
whointurnrely on written text to explain the accepted standard practicesfor design
to the jury.
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This does not mean, however, that adherence to accepted standard practices, such
asthe AASHTO Green Book guidelines, automatically establishes that reasonable
carewasexercised. Conversely, deviation from the guidelines, through the use of a
design exception, does not automatically establish negligence. The best defense
for adesign engineer isto present persuasive evidence that the guidelines were not
applicable to the circumstances of the project or that the guidelines could not be
reasonably met. (It should be noted that an economic defense is not the most
effective.) It is highly recommended that designers document their rationales for
decisions. If the justification documented by a designer completely describes the
physical and environmental factorsthat make the exception or any design necessary,
it is likely that this will be legally persuasive that the correct procedures were
followed and ultimately the appropriate decision was made. In addition, it ishelpful
to have statements by other design experts who concur with the decision in the
documentation.

As aresult of concerns about litigation, designers may be tempted to be very
conservativein their approachesto highway design and avoid innovative and creative
approaches to design problems. While it is important for design engineers to do
their jobs as thoroughly and carefully as possible, avoiding unique solutionsis not
the answer. Thismay undermine design practice and limit growth in the engineering
profession. Designers need to remember that their skills, experience, and judgment
are still valuable tools that should be applied to solving design problems and that,
with reliance on complete and sound documentation, tort liability concerns need
not be an impediment to achieving good road design.
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Chapter 3

FUNCTIONAL CLASSIFICATION

Refer to Chapter | of the AASHTO Green Book

One of the first steps in the
design process is determining the
functional classification of a facility.
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BACKGROUND

Functional classification isthe process by which streets and highways are grouped
into classes, or systems, according to the character of traffic service that they are
intended to provide. There are three highway functional classifications. arterial,
collector, and local roads. All streets and highways are grouped into one of these
classes, depending on the character of thetraffic (i.e., local or long distance) and the
degree of land access that they allow. These classifications are described in Table

Provides the highest level of service at the greatest
speed for the longest uninterrupted distance, with

Provides a less highly developed level of service at a
lower speed for shorter distances by collecting traffic
from local roads and connecting them with arterials.

Consists of all roads not defined as artenials or
collectors; pnmarily provides access to land with

3.1
Functional System | Services Provided
Arterial
some degree of access control.
Collector
Local
little or no through movement.

Typically, travelerswill use acombination of arterial, collector, and local roads for
their trips. Each type of road has a specific purpose or function. Some provideland
accessto serve each end of thetrip. Others providetravel mobility at varyinglevels,
whichisneeded en route.

There is a basic relationship between functionally classified highway systems in
serving traffic mobility and land access, asillustrated in Figure 3.1. Arterialsprovide
ahighlevel of mobility and agreater degree of access control, while local facilities
provide a high level of access to adjacent properties but a low level of mobility.

Collector roadways provide a balance between mobility and land access.
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The functional classes:

» Arterial
. Caollector
. Local

Each type of road has a specific purpose or
function.

Table 3.1
Functional Classification Systems
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Arterials
* higher mobility
Figure 3.1 * low degree of access
Relationship of functionally
classified highway systems in
serving traffic mobility and land access.

Collectars
= halance between mobility
and access

Locals
Land Access * lower mobility
* high degree of access

Source: Safety Effectiveness of Highway Design Features, Volume I, Access Control, FHWA, 1992

Route 187 in Connecticut was upgraded to
provide minimal stops for through traffic,

while allowing easy access to
development along the road.
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The Role of Functional Classification in the Design Process

TheAASHTO Green Book explicitly recognizesthe relationship between highway
functional classification and design criteria. State, county, and city highway design
manuals likewise relate design criteria to highway functional classification. The
AASHTO Green Book states:

Thefirst step in the design processisto definethe function that
thefacility isto serve. Thelevel of servicerequired to fulfill this
function for the anticipated volume and composition of traffic
provides a rational and cost-effective basis for the selection of
design speed and geometric criteria within the range of values
available to the designer (for the specified functional
classification). The use of functional classification as a design
type should appropriately integrate the highway planning and
design process. (p. 17)

Once the functional classification of a particular roadway has been established, so
has the allowable range of design speed. With the allowabl e range of design speed
defined, the principal limiting design parameters associated with horizonta and vertica
alinement are also defined. Similarly, a determination of functional classification
establishes the basic roadway cross section in terms of lane width, shoulder width,
type and width of median area, and other major design features (see Figure 3.2).

—r—-

Figure 3.2

The flexibility available to a highway
designer is considerably limited once a
particular functional classification has been
established.

Functional
Classification

Theimportance of thefunctional classification processasit relatesto highway design
liesinthefact that functional classification decisionsare madewell beforean individua
project is selected to moveinto the design phase. Moreover, such decisions are made
on a systemwide basis by city, county, or State DOTS or MPOs as part of their
continuing long-range transportation planning functions. Such systematic
reassessments are typically undertaken on arelatively infrequent basis. Thus, the
functiona classification of a particular section of highway may well represent a
decision made 10 or more years ago.
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Table 3.2
Range of Design Speeds for Various
Highway Functional Classes

In this example, there are
at least three different design
speeds for each functional classification.

Even after the decision has been made to functionally classify a highway section, thereis
still a degree of flexibility in the major controlling factor of design speed. Table 3.2,
excerpted from the 1995 edition of the Roadway Design Manual of the Virginia DOT,
illustrates the manner in which one state has related a range of allowable design speedsto
different roadway functional classifications.

Functional
Classification

20 mph

30 mph

40 mph

K0 mph

60 mph

10 mph

Rural Principal
Artenal

Rural Minar Artenal
Rural Colactar

Rural Local Raad

£

Source: Roadway Design Manual, Virginia DOT, 1995.

Note: 1 mph = 1.613 km/h
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It is important to remember that there are no “cookie-cutter” designs for arterial
highways or collector streets. Because of the range of geometric design options
available, arterials and collectors can vary considerably in appearance, asshownin
thefollowing photographs.

Representative freeway.
(1-476/U.S Rt. 1 Interchange,
Montgomery County, PA)

Representative urban arterial
(Windsor, CT)
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Representative rural arterial.
(Taconic State Parkway, NY)

Representative rural arterial.
(Rt. 58, CT)
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Representative Collectors and Local
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Representative collector in a residential

area. (Greenbelt, MD)

Representative urban collector.
(Lambertville, NJ)
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Representative rural collector.
(Easton, CT)

Representative local street.
(Montgomery Co., MD)

[l

b

4
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Current Highway Functional Classifications

Thehighway system of the United States consists of dlightly over 6.3 millionkm (3.9
million miles) of road.” Of thistotal, 5.0 millionkm (3.1 million miles) arelocated in
rural areas, and the remaining 1.3 million km (800,000 miles) are urban streets.
Each of these rural and urban streets has been given aspecific functional classification,
asillustrated in Table 3.3. Interms of jurisdictional responsibility, about 5 percent of
the total is administered by the Federal Government, approximately 16 percent is
under State control, and the remaining 79 percent isunder the control of county and
local governments.

Percent of Percent of
Functional System Total Mileage Total Travel
Intarstate 1.2 2.8
Other Freeway Expressway 2 6.2
Other Principal Arterial 38 243
Minor Arterial 5.7 18.4
Major Collector 1.1 1.8
Mingr Collector 1.2 FA |
Collsctor 22 5.3
Local BB.6 131
Total 100 100

1 Our Nation's Highways: Selected Facts and Figures, FHWA, Washington, DC, 1995, p. 17-18
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Table 3.3
Functional System (Rural and Urban)
Mileage and Travel

The Interstate System represents percent of
the total road mileage but serves 22.8
percent of the Nation’s total travel. (I-95,
VA)
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Collector

[

|

Areas of Uncertainty

Figure 3.3

ISSUES

TheNeed To Update Highway Functional Classifications

Traffic service patterns on aroadway and the roadway’s function can change over
time. If thefunctional classification system for aspecificjurisdiction isnot updated
on aregular basis, roadwaysmay be designed using inappropriate design standards.

Solution

Clearly, thereisaneedto reevaluate alocality’sfunctional classification system on
arelatively frequent and regular basisto ensure that the functional classification of
any particular route accurately reflects the traffic function of the route now and in
the foreseeabl e future. This continuing reassessment process can be viewed as an
application of design flexibility even beforethe decisionis madeto begin designing
aparticular project. The decision to change the functional classification should be
made based on careful review of changed conditions and sound reasoning.

The Functional Classification Process Is Not an Exact Science

One of the difficulties surrounding the relationship between highway functional
classification and design guidelinesisthat the classification processis not an exact
science. The predominant traffic service associated with a particular route cannot
be definitely determined without exhaustive surveys of traffic origindestination
patternson each link of theroad network. Engineering judgment based on experience
must play arolein making design decisions.

Solution

Asaresult of variances within the highway functional classification system, design
guidelines established either in the Green Book or in other State and local government
design manual s have overlapping ranges of values. Thisallowsthe designer greater
flexibility in choosing aroad design that is most appropriate within the determined
functional classification (see Figure 3.3). For example, the 1994 Green Book indicates
that the width of the traveled way for two-lane rural collector facilities should be
between 6.0 m and 7.2 m (20 ft and 24 ft), depending on traffic volumes, while the
shoulder widths on each side of thetraveled way should be between 0.6 mand 2.4 m
(2 ft and 8 ft). Thus, thetotal width of the roadway canvary from7.2mto 12m (24
ft to 40 ft), which isaconsiderable amount (see Figure 3.4). Two-lanerural arterials
canvary from atotal roadway width, including shoulders, of 9 mto 12 m (30 ft to 40
ft). Thisflexibility allows designersto choose more accurately the specific geometric
dimensionsthat are appropriate for that roadway.
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1.6 m| 3.0m | 3.0m .6m

| 24m | 3.6m | 3.6m | 24m |

Total Roadway Width = 12 m (40 ft)

The Impact of Land Use Changes on Road Functions

Land useisanimportant determinant of the function of an area’sroads. Asland use
changes because of development, especially at the urban fringe, road functionsal so
change. It isnot uncommon for roadsthat once served asrural local accessroutesto
farmland, and now serve suburban residential subdivisions and commercial land
uses, to bereclassified as urban collectors or arterials depending on theintensity of
development and the type of traffic generated by the devel opment. Design standards
or guidelines must change to meet actual or impending change in traffic character
and road function.

Actions taken by alocal jurisdiction to control or direct the form and location of
growth or to preserve the current physical and scenic characteristics of a highway
corridor should also reflect the need for a reexamination of existing functional
classification and, perhaps, even achangein jurisdictional responsibility (see Figure
3.5). For example, the construction of anew controlled-access bypass route might
allow for adownward reclassification of what had been the existing arterial route
through acommunity to acollector-level facility.
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Figure 3.4

The total width of a rural collector can
vary from 7.2 m to 12 m, depending
on traffic volume.
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Figure 3.5

Road functions can change over time.
These views show changing land use
along a rural highway. The first view
(a) shows a new road through the
country. The second view (b) shows
the first residences along the road.
The third view (c) shows suburbaniza-
tion and the need for mitigation.
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Solution

One solution to the issue of changing land use is to directly relate the functional
classification of the highway systemtothe*“level of development” or, in other words,
the design criteriathat should be applied. The State of Washingtonisonejurisdiction
that has donethis. Thisrelationship is shown in Table 3.4.

Functional Class Dasign Criteria
Intarstate MNew Construction/Reconstruction Standards
Principal Arterial Mew Construction/Reconstruction Standards
Minor Arterial IR Standards Table 3.4 |
- Relationship of Functional
; f Classification and Design Criteria
Collector Maintenance of Structural Integrity and Operational
Safety

Thisprocessallowsfor improvementsto even minor arterial-typeroutesto be designed
using 3R standards, as opposed to applying traditional design criteriafor new-location
highway facilitiesthat fall within thisfunctional classification.
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Chapter 4

DESIGN CONTROLS

Refer to Chapter Il of the AASHTO Green Book

In addition to functional classification, there
are a number of design controls that affect
the geometry of a highway. (Rt. 71, IL)

BACKGROUND

In order to design the basi ¢ elements of ahighway-including itsalinement and cross
section-the designer must have an understanding of the basic design controls and
criteriaassociated with the highway. One of the most important, highway functional
classification, wasdiscussed in Chapter 3. Other important design controlsinclude,
but are not limited to the following:

» Thedesign speed of thefacility

» The acceptable degree of congestion (i.e., the design-year peak-hour level of
service) onthefacility

» The physical characteristics of the “design vehicle’ (i.e, the largest vehicle
that is likely to use the facility with considerable frequency); in virtualy all
instances, the highway design vehicleisan over-the-road tractor-trailer

» The performance of the design vehicle (particularly important in terms of
accommodating heavy trucksin mountainousterrain or buses and recreational
vehiclesin areas subject to high levels of tourist activity)

» The capabilities of the typical driver aong the facility (i.e., local residents
using lowspeed neighborhood streets versus interstate travelers on rural
freeways)

» Theexisting and design-year traffic demandsto be placed on thefacility (e.g.,
daily and peak-hour traffic volumes, the mix of passenger cars and trucks on
thefacility)
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Two of the most important of these factors are design speed and peak-hour level of service.

This chapter will focus on these two important criteria. The peak-hour level of service,
however, only serves as a controlling factor for a small number of highways. For most
highways, after the functional classification and associated design speed for a particular

highway facility have been established, the degree of flexibility available to the designer is
significantly limited.

Speed limits are not the same as the
= design speed. They are regulatory
i limits enforceable by law.

Design Speed

Design speed isdefined by the AASHTO Green Book as:

...themaximum safe speed that can be maintained over a specified
section of highway when conditions are so favorable that the
design features of the highway govern.
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Table 4.1
Relationship Between Design
Controls and Design Features

(Left) Lower design speeds are
appropriate for city streets.

(Right) Higher volume rural highway
facilities should use higher
design speeds.

Design Controls

Functional  Traffic Tarrain Design
Design Features Classification  Data Locale Speed
Lane width, rural - X X X
Lane width, urban ~ X X =
Rural shoulder width, type X Ny
Urban shoulder width, typs X X
Guidersl offset _ X S
Degree of curve . X
Grades o X ey
Bridge clearances (horizontal & vertical) X X '
Stopping sight distance 3 rirag
Superelovation t =5
Widening on curves X
Aural design speeds X X X
Urban design speeds X X

Source: Location and Design Manual, Vol. 1, Roadway Design, Ohio DOT.

All geometric design e ements of the highway are affected in someway by the selected
design speed. Some roadway design elements are related directly to and vary
appreciably with design speed. Theseinclude horizontal curvature, superel evation,
sight distance, and gradient (see Table 4.1). Other elementsarelessrelated to design
speed, such as pavement and shoulder width and clearances to walls and traffic
barriers. The design of these features can, however, affect vehicle operating speeds
significantly. As a result, more stringent criteria for these features are generally
recommended for highways with higher design speeds. Conversely, less stringent
criteriafor these features may be more appropriate on roadways with lower design
speeds.

The selection of aparticular design speed isinfluenced by the following:

» Thefunctional classification of the highway

* The character of theterrain

* The density and character of adjacent land uses
« The traffic volumes expected to use the highway
* The economic and environmental considerations.

Typicaly, an arterial highway warrants a higher design speed than alocal road; a
highway located in level terrain warrants a higher design speed than one in
mountainousterrain; ahighway in arural areawarrants a higher design speed than
onein an urban area; and a high-volume highway warrants a higher design speed
than one carrying low traffic volumes.
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As discussed in Chapter 3, most States and localities have adopted a range of
acceptable design speedsfor each of the major classes of highways and streets(i.e.,
freeway, other arteria, collector, and local). Table 4.2 illustrates typical minimum
design speedsfor varioustypesof highwayslocatedinlevel, rolling, and mountainous

terrain.
Freeways Design Speeds
Terrain Rural Urban
Flat T0-80 10
Aolling GO-70 GO-70
Mountainous bl-&0 a0-60 Table 4.2
: ! Typical Minimum Design Speeds for
Artenal H"JhW“ ys Various Types of Highways (in mph)
Terrain Rural Urban
Flat GO-70 30-60
Rellirig 40-60 30-50
Mountainous 30-50 30-50
Collector and Local Roads
Terrain Rural Urban
Flat 30-50 30-40
Rolling 20-40 20-40
hMountaimous 20-30 20-30

Source: Traffic Engineering Handbook (Fourth Edition), Institute of Transportation Engineers, Washington, DC, 1992, p. 156. Note: 1 mile/hr = 1.613 km/hr

The values presented in Table 4.2 are minimum acceptable design speeds for the
various conditionsof terrain and traffic volumes associated with new or reconstructed
highway facilities. Designers need to balance the advantages of a higher vehicle
operating speed gained through the use of ahigher design speed against theflexibility
lost in design. It may be moreimportant to retain the maximum possibleflexibility,
so that acontext-sensitive roadway that ismorein tunewith the needs of acommunity
isdesigned using alower design speed.

As used here, the term “context sensitive” refers primarily to the land use and
environmental conditions adjacent to the highway. For example, for any particular
highway other than a freeway or major arterial, as land use density increases, the
design speed would typically decrease. The design speed of an urban collector street
passing through a residential neighborhood should be appreciably lower than that
for arural highway with the samefunctional classification. Thisalso recognizesthe
fact that bicycles and pedestrians would be more likely to use aroute located in an
urban area.
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Similarly, in areas that have significant historic interest or visual quality, alower
design speed may be appropriate in recognition of lower average operating ,speeds
and the need to avoid affecting these historic or aesthetic resources.

The Green Book agreeswith this philosophy:

Above-minimum design values should be used where feasible,
but in view of the numerous constraints often encountered,
practical values should be recognized and used.

Along arterial streets, the controlling factor of design speed appliesto alesser degree
than on rura highwaysor high-type urban facilities, such asfreewaysor expressways.
On many of the arterial streets located in large urban areas, maximum vehicle
operating speeds for several hours of the day may be limited to those at which the
recurring peak period traffic volumes can be accommodated. Thus, speeds may be
governed by the presence of other vehiclestraveling en masse both in and acrossthe
through travel lanes and by traffic control devices, rather than by the physical
characteristics of the street.

During off-peak periods of low-to-moderate traffic demand, vehicle operating speeds
are governed by such factors as speed limits, mid-block turns, intersection turns,
number of driveways and entrances, traffic signal spacing, and signal timing. Asa
result, when arterial street improvements are being planned, the selection of the
appropriate design speed must be balanced against such factors as speed limits,
physical and economic constraints, and the probable running speeds that can be
attained during off-peak hours.

Although most States have adopted arange of allowable design speeds appropriate
for each of the various functional classifications for use in the design of new or
reconstructed highway facilities, situationsmay arise where even the use of thelowest
typically acceptable value would result in unacceptably high construction or
right-of-way costs or unacceptableimpact on adjacent properties. In such instances,
the design exception process discussed in Chapter 2 can be employed. For example,
the reconstruction of a two-lane rural arterial route through a relatively flat but
environmentally sensitive areamight need to employ adesign speed of 80 km/h (50
mph) rather than the recommended value for this functional classification of 100
km/h (60 mph) shown in Table 4-2.
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Peak-Hour Level of Service

Once an appropriate design speed has been sel ected, the other basi ¢ defining el ements
of the highway (i.e., the number of linesand the basic configuration of junctionswith
other highway facilities) can be determined through application of the concept of
acceptable peakhour level of service. Level of serviceisagrading system for amount
of congestion, using theletter A to represent the least amount of congestion and Fto
refer to the greatest amount. For acomprehensivetreatment of thistopic, refer tothe
Highway Capacity Manual’. Table 4.3 presents a brief description of the operating
characteristics associated with each level of service.

_.'_"h,a.m.#
L1
. l'lll.-i-l:_’ =
—_— i P

Level of
Service Description
A Free flow, with low volumes and high speeds
B Reasonably frea flow, but speads baginning to ba
restmcted by traffic conditions
C In stabbe flow zone, but most drivers are restricted
in the freedom to select their own speeds.
D Approaching unstable flow; drivers have little
freedom to select their own speads.
E Unstabde flow; may be short stoppages
F Unacceptable congestion; stop-and-go; forced flow.

Source: Adapted from the AASHTO Green Book.

11995 Highway Capacity Manual (Special Report 209), Transportation Research Board, Washington, DC, Third Edition, updated 1994
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As congestion approaches capacity, speed
decreases.

Table 4.3
Level-of-Service Characteristics



Chapter 4

Table 4.4
Guide for Selection of Design
Levels of Service

The appropriate degree of congestion (that is, the level of service) to be used in
planning and designing highway improvementsis determined by considering avariety
of factors. Thesefactorsinclude the desires of the motorists, adjacent land use type
and devel opment intensity, environmental factors, and aesthetic and historic values.
Thefactors must be weighed against the financial resources avail ableto satisfy the
motorists desires.

Table 4.4 presents the rel ationship between highway type and |ocation and the level
of service appropriate for design, suggested by the AASHTO Green Book. Taking
into consideration specific traffic and environmental conditions, the responsible
highway agency should attempt to provide a reasonable and costeffective level of
service

Type of Area and Appropriate Level of Service
Highway Rural Rural Rural Urban and
Type Level Rolling Mountainous Suburban
Freeway B B C C
Arterial B B C C
Collector C C D D
Local D i} 0 D

Source: Adapted from the AASHTO Green Book

While the Highway Capacity Manual provides the analytical basis for design
calculations and decisions, judgment must be used in the sel ection of the appropriate
level of servicefor thefacility under study. Oncealevel of service hasbeen selected,
all elements of the roadway should be designed consistently to that level.

For example, along recreational routes subject to widely varying traffic demands
according to thetime of year or in responseto environmental or land use considerations,
the designer may conclude that the selection of alevel of servicethat islower than
what isusually recommended may be appropriate. The selection of thedesired level
of service for afacility must be weighed carefully, because the facility’s overall
adequacy depends on thisdecision.
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ISSUES

Application of Appropriate Design Speed

For some projects, community residents may perceive an imbalance between the
scale of improvement deemed appropriate by the highway designersand that viewed
asappropriate by the affected community. Much of this conflict can betraced to the
design speed for the subject project.

For example, an older two-lanerural road with aposted speed limit of 45 mph (72.5
km/h) may be adequate to accommodate current and anticipated future traffic
demands, except for ashort section containing several sharp curvesthat hasahigh
incidence of accidents. If thisfacility were classified as a minor arterial, a State’s
design criteriamight suggest that the reconstruction of the deficient section of roadway
utilize a minimum design speed in the range of 60 to 70 mph (96.6 to 112.7 km/h).

If these criteriawere followed, the reconstructed section would have asignificantly
higher design speed (and, hence, ahigher operating speed and magnitude of physical
impact on its surroundings) than the immediately adjacent sections of highway,
resulting in apotentially unsafe condition.

Solution

One approach to avoiding this problem would be to apply alower uniform design
speed over the entire length of the route. This would suggest the application of a
design speed of 50 mph (80.5 km/h) to the reconstruction project to preserve the
design continuity and character of the route.

A similar approach was taken during the design of State Route 9A in New York
City to better integrate the project into its surroundings. Although this facility is
classified asaprincipal urban arterial street with an allowable design speed under
New York State DOT design criteriaas high as 60 mph (96.6 km/h), adesign speed
of only 40 mph (64.4 km/h) was used. The roadway’s capacity remains unchanged
and theroadway isfunctioning safely and efficiently.

Note that the design speed must be higher than the posted speed and should also be
above the operating speed on afacility, regardless of the posted speed.
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One of the best examples of integrating a
highway into its surroundings. (Columbia
River Highway, Hood Co., OR)

Chapter 5

HORIZONTAL AND VERTICAL
ALINEMENT

Refer to Chapter Ill of the AASHTO Green Book

BACKGROUND

One definition of a visualy attractive and unobtrusive highway is the degree to
which the horizontal and vertical alinements of the route have been integrated into
its surrounding natural and human environments. This takes careful planning and
design, ashoted in the AASHTO Green Book:

Coordination of horizontal alinement and profile should not
be left to chance but should begin with preliminary design,
during which adjustmentscan readily bemade...The designer
should-study long, continuous stretches of highway in both
plan and profileand visualizethewholein three dimensions.
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This application of a holistic approach to highway design, where the road is inte-
grated into its surroundings, separates the outstanding project from one that merely
satisfies basic engineering design criteria (see Figures 5.1 and 5.2). An excellent
description of thisholistic design processis contained in the publication Aesthetics
in Transportation, from which the following is excerpted:

A general rulefor designersisto achievea“ flowing” line, with a
smooth and natural appearance in the land, and a sensuous,
rhythmic continuity for thedriver. This effect resultsfromfollowing
the natural contours of the land, using graceful and gradual
horizontal and vertical transitions, and relating the alinement to
permanent features such as rivers or mountains.

The alinement of Rt.8 gracefully
follows the Naugatuck River.
(Naugatuck, CT)

Figure 5.1
Inappropriate road design does not
integrate with the natural surroundings.
Inagpropriate Road Respects
Road Design Matural Rivar Edge

! Aesthetics in Transportation, U.S. DOT, November 1980, p. 89.
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Figure 5.2 ]
The alinement of a new facility plays an T e
important role in minimizing impacts PR 148, A SR T 8 A
on the surroundings. -
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In this example, the character of the
landscape was disrupted.
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In this alternative, the valley
is undisturbed and the road is
partially shielded from view.
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HORIZONTAL AND VERTICAL ALINEMENT CONSIDERATIONS

The greatest opportunitiesfor influencing the horizontal and vertical alinementsof a
highway occur during the planning and preliminary engineering phases associated
with anew-location facility. The designs of such facilities have the most dramatic
effects on the natural and human environments through which they pass.

The more typical design problem faced by today’s highway engineers is the
improvement of an existing highway or street. In many instances, the basic
alinements may have been established well over 100 years ago. Regardless, the
same basic design principleswith respect to horizontal and vertical alinements can,
however, be applied to both new and existing facilities.

Important points to consider regarding horizontal and vertical alinements are that
they should be consistent with the topography, preserve devel oped propertiesalong
theroad, and incorporate community values. The superior alinements are onesthat
follow the natural contours of the land and do not affect aesthetic, scenic, historic,
and cultural resources along the way. Construction costs may be reduced in many
instances when less earthwork is needed, and resources and development are
preserved. It isnot always possible, however, to avoid having an impact on both the
natural and human environments. That iswhy the superior alinementsincorporate
input received by the community through a participatory design process.

When possible, the alinement should be designed to enhance attractive scenic views,
such asrivers, rock formations, parks, historic sites, and outstanding buildings. The
designation of certain highways as scenic byways recognizes the importance of
preserving such features along our Nation’s roadways.
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Preservation of unique rock formations
enhances the view along this highway.
(State Route 313, Moab, UT)



Chapter 5

Equally important as the consideration of the horizontal alinement is that of the
facility’svertical alinement. A number of factorsinfluencethevertical alinement of
ahighway, including thefollowing:

* Natura terrain

« Minimum stopping sight distance for the sel ected design speed

* Thenumber of trucks and other heavy vehiclesin the traffic stream

» Thebasic roadway cross-section; i.e., two lanesversus multiple lanes

* Natural environmental factors, such as wetlands and historic,
cultural, and community resources

COMBINATION OF HORIZONTAL AND VERTICAL ALINEMENT

The interrelationship of horizontal and vertical alinement is best addressed in the
routelocation and preliminary design phases of aproject. At thisstage, appropriate
tradeoffs and balances between design speed and the character of the road-traffic
volume, topography, and existing devel opment-can be made. A mistake often made
by inexperienced engineersisdesigning the horizontd alinement first and thentrying
to superimpose the design onto a vertical profile. Because they must be
complementary, horizontal and vertical geometries must be designed concurrently.
Uncoordinated horizontal and vertical geometries can ruin the best parts and
accentuate the weak points of each element. Excellencein the combination of their
designs increases efficiency, and safety, encourages uniform speed, and improves
appearance-almost alwayswithout additional cost.

Onetooal to assist in coordinating horizontal and vertical geometriesis the use of
computer-aided design (CAD). CAD enables highway designersto quickly assess
theinterrel ationships between horizontal and vertical alinement, particularly in areas
of difficult terrain.

Proper consideration of these basic design considerations will help to ensure that
both new-location facilitiesand improvementsto existing highwaysfit harmoniously
into their surroundings.

Good integration of horizontal and
vertical alinement on a reconstructed
two-lane rural highway.

(State Route 89 near Lake Tahoe, CA)

Page 67



Chapter 5

ISSUES

There are numerous examples around thiscountry of excellencein integration of the
horizontal and vertical ainementsof highwaysinto their surroundings. Unfortunately,
there are also examples of new or widened highways that have scarred a rural
landscape or disrupted an established community. While these past actions cannot
easily or inexpensively berectified, future problems can be avoided by applying the
principles outlined above and the creative approaches detail ed bel ow.

Avoiding Impact on Adjacent Natural and Human Environments

Particularly during the era of Interstate construction from the 1950'sto the 1980's,
anumber of instances of new highway construction had a devastating impact on
communities and areas of environmental sensitivity. It isreadily acknowledged that
there will be some degree of physical impact on the surroundings associated with
the construction of any new location highway or major reconstruction or widening
of an existing highway facility. However, from the perspective of horizontal and
vertical alinement, much of thisimpact can and should be alleviated.

Solution

Impact on the surrounding environment can be minimized by careful attention to
detail during the route location and preliminary design phases and awillingness of
all concerned parties to work together toward acommon goal. For example, minor
adjustmentsto the originally proposed horizontal and vertical alinements (combined
with the use of short sections of retaining wall) along the Lincoln Beach Parkway
(U.S. Route 101) in Oregon €liminated the need to acquire any of the adjacent homes
and businesses.

Minor alinement changes can avoid impacts
on adjacent properties. (U.S. R