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Preface

This Policy was developed as part of the continuing work of the Standing Committee on
Highways. The Committee, then titled the Committee on Planning and Design Policies, was
established in 1937 to formulate and recommend highway engineering policies. This Committee
has developed A Policy on Geometric Design of Rural Highways, 1954 and 1965 editions, A
Policy on Arterial Highwaysin Urban Areas, 1957; A Policy on Design of Urban Highways and
Arterial Streets, 1973; Geometric Design Standards for Highways Other Than Freeways, 1969;
A Policy on Geometric Design of Highways and Streets, 1984, 1990, and 1994; A Policy on
Design Sandards— nterstate System, 1956, 1967, and 1991; and a number of other AASHO and
AASHTO policy and “guide’ publications.

An AASHTO publication is typicaly developed through the following steps. (1) The
Committee selects subjects and broad outlines of material to be covered. (2) The appropriate
subcommittee and its task forces, in this case, the Subcommittee on Design and its Task Force on
Geometric Design, assemble and analyze relevant data and prepare a tentative draft. Working
meetings are held and revised drafts are prepared, as necessary, and reviewed by the
Subcommittee, until agreement is reached. (3) The manuscript is then submitted for approva by
the Standing Committee on Highways and then the Executive Committee. Standards and policies
must be adopted by a two-thirds vote by the Member Departments before publication. During the
developmental process, comments are sought and considered from al the dtates, the Federa
Highway Adminigtration, and representatives of the American Public Works Association, the
National Association of County Engineers, the National League of Cities, and other interested
parties.
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Foreword

As highway designers, highway engineers strive to provide for the needs of highway users
while maintaining the integrity of the environment. Unique combinations of design requirements
that are often conflicting result in unique solutions to the design problems. The guidance supplied
by this text, A Policy on Geometric Design of Highways and Streets, is based on established
practices and is supplemented by recent research. This text is aso intended to form a
comprehensive reference manua for assistance in administrative, planning, and educationa
efforts pertaining to design formulation.

Design values are presented in this document in both metric and U.S. customary units and
were developed independently within each system. The relationship between the metric and U.S.
customary vaues is neither an exact (soft) conversion nor a completely rationaized (hard)
conversion. The metric values are those that would have been used had the policy been presented
exclusively in metric units; the U.S. customary values are those that would have been used if the
policy had been presented exclusively in U.S. customary units. Therefore, the user is advised to
work entirely in one system and not attempt to convert directly between the two.

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. This publication
is not intended as a policy for resurfacing, restoration, or rehabilitation (3R) projects. For projects
of this type, where mgor revisons to horizontal or vertica curvature are not necessary or
practical, existing design values may be retained. Specific site investigations and crash history
analysis often indicate that the existing design features are performing in a satisfactory manner.
The cost of full reconstruction for these facilities, particularly where magjor reaignment is not
needed, will often not be justified Resurfacing, restoration, and rehabilitation projects enable
highway agencies to improve highway safety by selectively upgrading existing highway and
roadside features without the cost of full reconstruction. When designing 3R projects, the
designer should refer to TRB Specid Report 214, Designing Safer Roads. Practices for
Resurfacing, Restoration, and Rehabilitation and related publications for guidance.

The intent of this policy is to provide guidance to the designer by referencing a
recommended range of values for critical dimensions. It is not intended to be a detailed design
manua that could supercede the need for the application of sound principles by the
knowledgeable design professional. Sufficient flexibility is permitted to encourage independent
designs tailored to particular situations. Minimum values are either given or implied by the lower
vaue in a given range of values. The larger values within the ranges will normally be used where
the social, economic, and environmental (S.E.E.) impacts are not critical.

The highway, vehicle, and individual users are dl integral parts of transportation safety and
efficiency. While this document primarily addresses geometric design issues, a properly equipped
and maintained vehicle and reasonable and prudent performance by the user are also necessary
for safe and efficient operation of the transportation facility.
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Emphasis has been placed on the joint use of transportation corridors by pedestrians,
cyclists, and public transit vehicles. Designers should recognize the implications of this sharing of
the transportation corridors and are encouraged to consider not only vehicular movement, but also
movement of people, distribution of goods, and provison of essentia services. A more
comprehensive transportation program is thereby emphasized.

Cost-effective design is a'so emphasized. The traditional procedure of comparing highway-
user benefits with costs has been expanded to reflect the needs of non-users and the environment.
Although adding complexity to the analysis, this broader approach aso takes into account both
the need for a given project and the relative priorities among various projects. The results of this
approach may need to be modified to meet the needs-versus-funds problems that highway
adminigtrators face. The goa of cogt-effective design is not merely to give priority to the most
beneficia individual projects but to provide the most benefits to the highway system of which
each project is a part.

Most of the technical materia that follows is detailed or descriptive design information.
Design guidelines are included for freeways, arterials, collectors, and local roads, in both urban
and rural locations, paraleling the functional classification used in highway planning. The book
is organized into functiona chapters to stress the relationship between highway design and
highway function. An explanation of functiona classification is included in Chapter 1.

These guidelines are intended to provide operation efficiency, comfort, safety, and
convenience for the motorist. The design concepts presented herein were aso developed with
consideration for environmental quality. The effects of the various environmental impacts can
and should be mitigated by thoughtful design processes This principle, coupled with that of
aesthetic congstency with the surrounding terrain and urban setting, is intended to produce
highways that are safe and efficient for users, acceptable to non-users, and in harmony with the
environment.

This publication supersedes the 1994 AASHTO publication of the same name. Because the

concepts presented could not be completely covered in one book, references to additiona
literature are given at the end of each chapter.

xlii



CHAPTER 1
HIGHWAY FUNCTIONS

SYSTEMS AND CLASSIFICATIONS

The classification of highways into different operational systems, functional classes, or
geometric types is necessary for communication among engineers, administrators, and the general
public. Different classification schemes have been applied for different purposes in different rura
and urban regions. Classification of highways by design types based on the major geometric
features (e.g., freeways and conventiona streets and highways) is the most helpful one for
highway location and design procedures. Classification by route numbering (e.g., U.S., State,
County) is the most helpful for traffic operations. Administrative classification (e.g., National
Highway System or Non-National Highway System) is used to denote the levels of government
responsible for, and the method of financing, highway facilities. Functiona classification, the
grouping of highways by the character of service they provide, was developed for transportation
planning purposes. Comprehensive transportation planning, an integral part of total economic and
socia development, uses functional classification as an important planning tool. The emergence
of functiona classification as the predominant method of grouping highways is consistent with
the policies contained in this publication.

THE CONCEPT OF FUNCTIONAL CLASSIFICATION

This section introduces the basic concepts needed for understanding the functiona
classification of highway facilities and systems.

Hierarchies of Movements and Components

A complete functional design system provides a series of distinct travel movements. The six
recognizable stages in most trips include main movement, transition, distribution, collection,
access, and termination. For example, Exhibit 1-1 shows a hypothetical highway trip using a
freeway, where the main movement of vehicles is uninterrupted, high-speed flow. When
approaching destinations from the freeway, vehicles reduce speed on freeway ramps, which act as
trangition roadways. The vehicles then enter moderate-speed arterials (distributor facilities) that
bring them nearer to the vicinity of their destination neighborhoods. They next enter collector
roads that penetrate neighborhoods. The vehicles finally enter local access roads that provide
direct approaches to individua residences or other terminations. At their destinations the vehicles
are parked at an appropriate terminal facility.

Each of the six stages of atypica trip is handled by a separate facility designed specificaly
for its function. Because the movement hierarchy is based on the total amount of traffic volume,
freeway travel is generaly highest in the movement hierarchy, followed by distributor arteria
travel, which is in turn higher in the movement hierarchy than travel on collectors and loca
access routes.
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Exhibit 1-1. Hierarchy of M ovement

Although many trips can be subdivided into al of the six recognizable stages, intermediate
facilities are not always needed. The complete hierarchy of circulation facilities relates especialy
to conditions of low-density suburban development, where traffic flows are cumulative on
successive elements of the system. However, it sometimes is desirable to reduce the number of
components in the chain. For instance, a large single traffic generator may fill one or more lanes
of afreeway during certain periods. In this Situation, it is expedient to lead traffic directly onto a
freeway ramp without introducing arterial facilities that unnecessarily mix already-concentrated
traffic flows with additional vehicles. This deletion of intermediate facilities does not eliminate
the functional need for the remaining parts of the flow hierarchy or the functiona design
components, although it may change their physical characters. The order of movement is till
identifiable.

The failure to recognize and accommodate by suitable design each of the different trip stages
of the movement hierarchy is a prominent cause of highway obsolescence. Conflicts and
congestion occur at interfaces between public highways and private traffic-generating facilities
when the functiona transitions are inadequate. Examples are commercia driveways that lead
directly from a relatively high-speed arterial into a parking aisle without intermediate provisions
for trandtion deceleration and arterial distribution or, more serioudy, freeway ramps that lead
directly into or from large traffic generators such as major shopping centers.
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Inadequate acceptance capacity of the distributor arterial or internal circulation deficiencies
within the traffic absorber may lead to traffic backing up onto the freeway. Successful interna
design that provides facilities to accommodate al the intermediate functions between the high-
speed freeway and the termina parking facility will aleviate such a situation.

In the case of the freeway leading to a large traffic generator, deceleration from rapid
movement on the freeway occurs on the exit ramp. Distribution to various parking areas is then
accomplished by primary distribution-type roads or lanes within the parking facility. These roads
or lanes supplant the distributor arterial function. Collector-type roads or lanes within the parking
facility may then ddiver segments of the entering flow to the parking bays. The parking aide, in
leading to individua parking space terminas, then becomes the equivalent of an access street.
Thus, the principal functions within the hierarchica movement system are recognizable. In
addition, each functional category aso is related to arange of vehicle speeds.

The same principles of design are aso relevant to termina facilities that adjoin distributor
arterias or collectors. The functional design of the facility includes each movement stage, with
internal circulation in the terminal design to accommodate the order of movement. The need to
design for al stages of the movement hierarchy varies with the size of the traffic generator. For
relatively small generators, two or more stages may be accommodated on the same internal
facility. For larger traffic generators, each movement stage should have a separate functiona
facility.

To determine the number of design components needed, the customary volumes of traffic
handled by public streets of different functional categories can be compared. The volume range
on private internal facilities can be related to the comparable range on public streets. These
volumes may not be directly comparable, inasmuch as the physical space available within a
private facility is smaller and the operationa criteria are necessarily quite different. However, the
same principles of flow specialization and movement hierarchy can be applied.

Some further examples may demonstrate how the principles of movement hierarchy are
related to alogical system of classification of traffic generation intensity. At the highest practical
level of traffic generation, a single generator fills an entire freeway, and for this condition,
intermediate public streets could not be inserted between the generator and the freeway, so the
various movement stages should be accommodated internally with appropriate design features. At
the next level of traffic generation a single traffic generator could fill a single freeway lane. It is
then appropriate to construct a freeway ramp for the exclusive use of the generator without
intervening public streets. At still smaller volumes it becomes desirable to combine the traffic
from several generators with additional traffic before the flow arrives at a freeway entrance ramp.
The road performing this function then becomes a collector facility, accumulating these small
flows until atraffic volume that will fill the freeway ramp is reached.

Similar principles can be applied at the distributor arteria level of service. If a given traffic
generator is of sufficient size, an exclusive intersection driveway for that generator is justified. In
other cases an intermediate collector street should combine smaller traffic flows until they reach a
volume that warrants an intersection aong the distributor. The same theory can be applied with
regard to the criteria for direct access to the collector street. A moderately sized traffic generator
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usualy warrants a direct connection to the collector without an intermediate access street;
however, in a district of single-family residences alocal access street should assemble the traffic
from a group of residences and lead it into a collector street at a single point of access. In
practice, direct access to arterids and collectors should be provided from commercia and
residential properties, particularly in established neighborhoods.

In short, each element of the functional hierarchy can serve as a collecting facility for the
next higher element, but an element should be present only where the intermediate collection is
needed to satisfy the spacing needs and traffic volume demands of the next higher facility. By
defining the spacing needs and traffic volume demands for a system element, it is possible to
determine which cases should use the full system and in which cases intermediate elements may
be bypassed.

Functional Relationships

Functional classification thus groups streets and highways according to the character of
sarvice they are intended to provide. This classification recognizes that individua roads and
streets do not serve travel independently. Rather, most travel involves movement through
networks of roads and can be categorized relative to such networks in a logica and efficient
manner. Thus, functional classification of roads and streets is also consistent with categorization
of travel.

A schematic illustration of this basic idea is shown in Exhibit 1-2. In Exhibit 1-2A, lines of
travel desire are straight lines connecting trip origins and destinations (circles). The relative
widths of the lines indicate the relative amounts of travel desire. The relative sizes of the circles
indicate the relative trip generating and attracting power of the places shown. Because it is
impractical to provide direct-line connections for every desire line, trips should be channelized on

Individual

City

Town
(A) Desire Lines of Travel

Local Roads

Collector Roads

(B) Road Network Provided

Exhibit 1-2. Channdlization of Trips



Highway Functions

alimited road network in the manner shown in Exhibit 1-2B. Heavy travel movements are
directly served or nearly so the smaller movements are channeled into somewhat indirect paths.
The facilitiesin Exhibit 1-2 are labeled local access, collector, and arterial, which are terms that
describe their functiona relationships. In this scheme the functional hierarchy is also seen to be
related to the hierarchy of trip distances served by the network.

A more complete illustration of a functionally classified rurd network is shown in
Exhibit 1-3. The arteria highways generally provide direct service between cities and larger
towns, which generate and attract a large proportion of the relatively longer trips. Roads of the
intermediate functional category (collectors) serve small towns directly, connecting them to the
arterial network. Roads of this category collect traffic from the local roads, which serve
individual farms and other rura land uses or distribute traffic to these loca roads from the
arterials.
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Exhibit 1-3. Schematic Illustration of a Functionally Classified Rural
Highway Network

Although this example has a rural setting, the same basic concepts aso apply in urban and
suburban areas. A similar hierarchy of systems can be defined; however, because of the high
intensity of land use and travel, specific travel generation centers are more difficult to identify. In
urban and suburban areas additional considerations, such as the spacing of intersections, become
more important in defining a logical and efficient network. A schematic illustration of a
functionally classified suburban street network is shown in Exhibit 1-4.
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Exhibit 1-4. Schematic | llustration of a Portion of a Suburban Street Networ k

Access Needs and Controls

The two mgjor considerations in classifying highway and street networks functionaly are
access and mobility. The conflict between serving through movement and providing access to a
dispersed pattern of trip origins and destinations necessitates the differences and gradations in the
various functional types. Regulated limitation of access is needed on arterials to enhance their
primary function of mobility.

Conversely, the primary function of loca roads and streets is to provide access
(implementation of which causes a limitation of mobility). The extent and degree of access
control is thus a significant factor in defining the functional category of a street or highway.

Allied to the idea of traffic categorization is the dual role that the highway and street
network plays in providing (1) access to property and (2) travel mobility. Accessis a fixed need
for every area served by the highway system. Mohility is provided at varying levels of service.
Mobility can incorporate severa quditative eements, such as riding comfort and absence of
speed changes, but the most basic factor is operating speed or trip travel time.

Exhibit 1-2 shows that the concept of traffic categorization leads logically not only to a
functiona hierarchy of road classes but also to a similar hierarchy of relative travel distances
served by these road classes. The hierarchy of travel distances can be related logicaly to
functional specialization in meeting the property access and travel mobility needs. Loca rura
facilities emphasize the land access function. Arterials for main movement or distribution
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emphasize the high level of mobility for through movement. Collectors offer approximately
balanced service for both functions. This scheme isillustrated conceptually in Exhibit 1-5.

Further discussion of the various degrees of access control appropriate to street and highway
development is provided in the section on “Access Control and Access Management” in
Chapter 2.

PROPORTION OF SERVICE

Mability Arterials
Collectors
Land Access Locals

Exhibit 1-5. Relationship of Functionally Classified Systemsin Serving
Traffic Mobility and Land Access

FUNCTIONAL SYSTEM CHARACTERISTICS

This section contains definitions and characteristics of highway facilities in urban and rura
settings based on their functiona classifications. It presents information, in revised form, from the
Federal Highway Administration publication Highway Functional Classification: Concepts,
Criteria, and Procedures (1).

Definitions of Urban and Rural Areas

Urban and rural areas have fundamentally different characteristics with regard to density and
types of land use, density of street and highway networks, nature of travel patterns, and the way
in which these elements are related. Consequently, urban and rura functiona systems are
classified separately.
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Urban areas are those places within boundaries set by the responsible State and local
officials having a population of 5,000 or more. Urban areas are further subdivided into urbanized
areas (population of 50,000 and over) and small urban areas (population between 5,000 and
50,000). For design purposes, the population forecast for the design year should be used. (For
legdl definition of urban areas, see Section 101 of Title 23, U.S. Code.)

Rural areasare those areas outside the boundaries of urban areas.

Functional Categories

The roads making up the functional systems differ for urban and rura areas. The hierarchy
of the functional systems consists of principal arterials (for main movement), minor arterials
(distributors), collectors, and local roads and streets; however, in urban areas there are relatively
more arterials with further functional subdivisions of the arterial category whereas in rural areas
there are relatively more collectors with further functiona subdivisions of the collector category.

Functional Systems for Rural Areas

Rura roads consist of facilities outside of urban areas. The names provided for the
recognizable systems are principa arterials (roads), minor arterias (roads), maor and minor
collectors (roads), and local roads.

Rural Principal Arterial System

The rural principal arterial system consists of a network of routes with the following service
characteristics:

1. Corridor movement with trip length and density suitable for substantial statewide or
interstate travel.

2. Movements between all, or virtualy all, urban areas with populations over 50,000 and a
large mgjority of those with populations over 25,000.

3. Integrated movement without stub connections except where unusual geographic or
traffic flow conditions dictate otherwise (e.g., international boundary connections or
connections to coastd cities).

In the more densdly populated states, this class of highway includes most (but not al)
heavily traveled routes that might warrant multilane improvements in the mgjority of states; the
principa arterial system includes most (if not al) existing rural freeways.

The principal arteria system is dratified into the following two design types: (1) freeways
and (2) other principal arterials.
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Rural Minor Arterial System

The rurd minor arterial road system, in conjunction with the rura principal arterial system,
forms a network with the following service characteristics:

1. Linkage of cities, larger towns, and other traffic generators (such as major resort areas)
that are capable of attracting travel over similarly long distances.

2. Integrated interstate and intercounty service.

3. Interna spacing consistent with population density, so that all developed areas of the
state are within reasonable distances of arterial highways.

4. Corridor movements consistent with items (1) through (3) with trip lengths and travel
densities greater than those predominantly served by rural collector or local systems.

Minor arterias therefore constitute routes, the design of which should be expected to provide
for relatively high travel speeds and minimum interference to through movement.

Rural Collector System

The rura collector routes generadly serve travel of primarily intracounty rather than
statewide importance and congtitute those routes on which (regardless of traffic volume)
predominant travel distances are shorter than on arteria routes. Consequently, more moderate
speeds may be typical. To define rura collectors more clearly, this system is subclassified
according to the following criteria

Major Collector Roads. These routes (1) serve county seats not on arterial routes, larger
towns not directly served by the higher systems, and other traffic generators of
equivalent intracounty importance, such as consolidated schools, shipping points,
county parks, and important mining and agricultural areas; (2) link these places with
nearby larger towns or cities, or with routes of higher classifications; and (3) serve the
more important intracounty travel corridors.

Minor Collector Roads. These routes should (1) be spaced at intervals consistent with
population density to accumulate traffic from local roads and bring all developed areas
within reasonable distances of collector roads,; (2) provide service to the remaining
smaller communities; and (3) link the locally important traffic generators with their
rura hinterland.

Rural Local Road System

The rural local road system, in comparison to collectors and arteria systems, primarily
provides access to land adjacent to the collector network and serves travel over relatively short
distances. The loca road system congtitutes all rural roads not classified as principal arterials,
minor arterials, or collector roads.
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Extent of Rural Systems

The functional criteria for road systems have been expressed herein primarily in qualitative
rather than quantitative terms. Because of varying geographic conditions (e.g., population
densities, spacing between and sizes of cities, and densities and patterns of road networks),
criteria on sizes of population centers, trip lengths, traffic volumes, and route spacings do not
apply to al systemsin al States. However, the results of classification studies conducted in many
States show considerable consistency (when expressed in percentages of the tota length of rura
roads) in the relative extents of the functional systems.

Highway systems developed by using these criteria are generally expected, in al States
except Alaska and Hawaii, to fall within the percentage ranges shown in Exhibit 1-6. The higher
values of the ranges given in Exhibit 1-6 apply to States having less extensive total road networks
relative to the population density. In States having more extensive total road networks relative to
the population densty, the lower values are applicable. The range of percentages of rura
collectors represents the total length of both maor and minor collector roads and applies to the
statewide rural roadway totals the percentages in particular counties may vary considerably from
the statewide average. Areas having an extensive regular grid pattern of roads usualy have a
smaller percentage of collectors than areas within which geographic conditions have imposed a
restricted or less regular pattern of road development.

Systems Percentage of Total Rural Road Length
Principal arterial system 2-4%
Principal arterial plus minor arterial system  6-12%, with most States falling in 7-10% range
Collector road 20-25%
Local road system 65—75%

Exhibit 1-6. Typical Digtribution of Rural Functional Systems

Functional Highway Systems in Urbanized Areas

The four functional highway systems for urbanized areas are urban principal arterials
(streets), minor arterias (streets), collectors (streets), and local streets. The differences in the
nature and intensity of development in rural and urban areas warrant corresponding differences in
urban system characteristics relative to the correspondingly named rural systems.

Urban Principal Arterial System

In every urban environment, one system of streets and highways can be identified as
unusudly significant in terms of the nature and composition of travel it serves. In small urban
areas (population under 50,000), these facilities may be very limited in number and extent, and
their importance may be derived primarily from the service provided to through travel. In
urbanized areas, their importance also derives from service to ruraly oriented traffic, but equally
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or even more importantly, from service for mgjor circulation movements within these urbanized
areas.

The urban principal arteria system serves the major centers of activity of urbanized areas,
the highest traffic volume corridors, and the longest trip desires and carries a high proportion of
the total urban area travel even though it constitutes a relatively small percentage of the tota
roadway network. The system should be integrated both internaly and between major rural
connections.

The principa arterial system carries most of the trips entering and leaving the urban area, as
well as most of the through movements bypassing the centra city. In addition, significant intra-
area travel, such as between central business districts and outlying residential areas, between
major inner-city communities, and between maor suburban centers, is served by this class of
facility. Frequently, the principal arterial system carries important intra-urban as well as intercity
bus routes. Finally, in urbanized areas, this system provides continuity for al rura arterials that
intercept the urban boundary.

Because of the nature of the travel served by the principa arterial system, dmost dl fully
and partialy controlled access facilities are usualy part of this functiona class. However, this
system is not restricted to controlled-access routes. To preserve the identification of controlled-
access facilities, the principa arterial system should be stratified as follows: (1) interstate,
(2) other freeways, and (3) other principal arterials (with partial or no control of access).

The spacing of urban principal arterids is closdy related to the trip-end density
characteristics of particular portions of the urban areas. Although no firm spacing rule appliesin
al or even in most circumstances, the spacing between principal arterials (in larger urban areas)
may vary from less than 1.6 km [1 mi] in the highly developed central business areas to 8 km [5
mi] or more in the sparsely developed urban fringes.

For principa arterias, service to abutting land is subordinate to travel service to major traffic
movements. Only facilities within the subclass of other principal arterids are capable of
providing any direct access to land, and such service should be purely incidental to the primary
functional responsibility of this class of roads.

Urban Minor Arterial Street System

The minor arteria street system interconnects with and augments the urban principal arteria
system. It accommodates trips of moderate length at a somewhat lower level of travel mobility
than principal arterials do. This system distributes travel to geographic areas smaller than those
identified with the higher system.

The minor arterial street system includes al arterials not classified as principal. This system
places more emphasis on land access than the higher system does and offers lower traffic
mobility. Such a facility may carry loca bus routes and provide intracommunity continuity but
ideally does not penetrate identifiable neighborhoods. This system includes urban connections to
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rural collector roads where such connections have not been classified as urban principa arterias
for internal reasons.

The spacing of minor arterial streets may vary from 0.2 to 1.0 km [0.1 to 0.5 mi] in the
central business district to 3 to 5 km [2 to 3 mi] in the suburban fringes but is normally not more
than 2 km [1 mi] in fully developed areas.

Urban Collector Street System

The collector street system provides both land access service and traffic circulation within
residential neighborhoods and commercia and industrial areas. It differs from the arterial system
in that facilities on the collector system may penetrate residential neighborhoods, distributing
trips from the arterials through the area to their ultimate destinations. Conversely, the collector
street also collects traffic from local streets in residential neighborhoods and channels it into the
arterial system. In the central business district, and in other areas of similar development and
traffic dengity, the collector system may include the entire street grid. The collector street system
may also carry local bus routes.

Urban Local Street System

The local street system comprises all facilities not in one of the higher systems. It primarily
permits direct access to abutting lands and connections to the higher order systems. It offers the
lowest level of mobility and usualy contains no bus routes. Service to through-traffic movement
usudly is deliberately discouraged.

Length of Roadway and Travel on Urban Systems
Exhibit 1-7 contains the typical distribution of travel volume and length of roadway of the

functional systems for urbanized areas. Systems developed for urbanized areas using the criteria
herein usually fall within the percentage ranges shown.

Range
Systems Travel volume (%) Length (%)
Principal arterial system 40-65 5-10
Principal arterial plus minor arterial street system 65-80 15-25
Collector road 5-10 5-10
Local road system 10-30 65-80

Exhibit 1-7. Typical Distribution of Urban Functional Systems
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Functional Classification as a Design Type

This text has utilized the functional classification system as a design type of highway. Two
major difficulties arise from this usage. The first mgor problem involves freeways. A freeway is
not a functional class in itself but is normaly classified as a principal arteria. It does, however,
have unique geometric criteria that demand a separate design designation apart from other
arterials. Therefore, a separate chapter on freeways has been included along with chapters on
arterias, collectors, and local roads and streets. The addition of the universally familiar term
“freeway” to the basic functional classes seems preferable to the adoption of a complete separate
system of design types.

The second magjor difficulty is that, in the past, geometric design criteria and capacity levels
have traditionally been based on a classification of traffic volume ranges. Under such a system,
highways with comparable traffic volumes are constructed to the same criteria and provide
identical levels of service, dthough there may be considerable difference in the functions they
serve.

Under a functional classification system, design criteria and level of service vary according
to the function of the highway facility. Volumes serve to further refine the design criteria for each
class.

Arterids are expected to provide a high degree of mobility for the longer trip length.
Therefore, they should provide a high operating speed and level of service. Since access to
abutting property is not their mgjor function, some degree of access control is desirable to
enhance mobility. The collectors serve a dual function in accommodating the shorter trip and
feeding the arterials. They should provide some degree of mobility and also serve abutting
property. Thus, an intermediate design speed and level of service is appropriate. Local roads and
streets have relatively short trip lengths, and, because property accessis their main function, there
is little need for mobility or high operating speeds. This function is reflected by use of a lower
design speed and level of service.

The functiona concept is important to the designer. Even though many of the geometric
design values could be determined without reference to the functiona classification, the designer
should keep in mind the overal purpose that the street or highway is intended to serve. This
concept is consistent with a systematic approach to highway planning and design.

The first step in the design process is to define the function that the facility is to serve. The
level of service needed 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 ranges of values available to the designer. The use of functiona classification
as adesign type should appropriately integrate the highway planning and design process.
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CHAPTER 2
DESIGN CONTROLS AND CRITERIA

INTRODUCTION

This chapter discusses those characteristics of vehicles, pedestrians, and traffic that act as
criteria for the optimization or improvement in design of the various highway and street
functional classes.

DESIGN VEHICLES
General Characteristics

Key controls in geometric highway design are the physical characteristics and the
proportions of vehicles of various sizes using the highway. Therefore, it is appropriate to
examine al vehicle types, establish genera class groupings, and select vehicles of representative
size within each class for design use. These selected vehicles, with representative weight,
dimensions, and operating characteristics, used to establish highway design controls for
accommodating vehicles of designated classes, are known as design vehicles. For purposes of
geometric design, each design vehicle has larger physica dimensions and a larger minimum
turning radius than most vehicles in its class. The largest design vehicles are usudly
accommodated in freeway design.

Four general classes of design vehicles have been established, including: (1) passenger cars,
(2) buses, (3) trucks, and (4) recreational vehicles. The passenger-car class includes passenger
cars of al sizes, sport/utility vehicles, minivans, vans, and pick-up trucks. Buses include inter-city
(motor coaches), city transit, school, and articulated buses. The truck class includes single-unit
trucks, truck tractor-semitrailer combinations, and truck tractors with semitrailers in combination
with full trailers. Recreational vehicles include motor homes, cars with camper trailers, cars with
boat trailers, motor homes with boat trailers, and motor homes pulling cars. In addition, the
bicycle should also be considered a design vehicle where bicycle use is allowed on a highway.

Dimensions for 19 design vehicles representing vehicles within these general classes are
given in Exhibit 2-1. In the design of any highway facility, the designer should consider the
largest design vehicle likely to use that facility with considerable frequency or a design vehicle
with specia characteristics appropriate to a particular intersection in determining the design of
such critical features as radii at intersections and radii of turning roadways. In addition, as a
general guide, the following may be considered when selecting a design vehicle:

A passenger car may be sdected when the main traffic generator is a parking lot or
series of parking lots.

A single-unit truck may be used for intersection design of residential streets and park
roads.
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Metric
Dimensions (m)
Overall Overhang Typical
Kingpin
to Center
of Rear
Design Vehicle Type Symbol Height Width Length Front Rear WB; WB, S T WB3 WB,4 Axle
Passenger Car P 1.3 2.1 5.8 0.9 1.5 3.4 - - - - - -
Single Unit Truck SU 3.4-4.1 2.4 9.2 1.2 1.8 6.1 - - - - - -
Buses .
Inter-city Bus (Motor Coaches) BUS-12 3.7 2.6 12.2 1.8 1.9d 7.3 1.1 - - - - -
BUS-14 3.7 2.6 13.7 1.8 2.6 8.1 1.2 - - - - -
City Transit Bus CITY-BUS 3.2 2.6 12.2 2.1 2.4 7.6 - - - - - -
Conventional School Bus (65 pass.) S-BUS 11 3.2 2.4 10.9 0.8 3.7 6.5 - - - - - -
Large School Bus (84 pass.) S-BUS 12 3.2 2.4 12.2 2.1 4.0 6.1 — — — — — —
Articulated Bus A-BUS 3.4 2.6 18.3 2.6 3.1 6.7 5.9 1.97 4.0° - - -
Trucks
Intermediate Semitrailer WB-12 4.1 2.4 13.9 0.9 0.8" 3.8 8.4 - - - - 8.4
Intermediate Semitrailer WB-15 4.1 2.6 16.8 0.9 0.6" 4.5 10.8 - - - - 11.4
Interstate Semitrailer WB-19* 4.1 2.6 20.9 1.2 0.8" 6.6 12.3 - - - - 13.0
Interstate Semitrailer WB-20** 4.1 2.6 22.4 1.2 1.4-0.8" 6.6 13.2-13.8 — — — — 13.9-14.5
“Double-Bottom”-Semitrailer/Trailer WB-20D 4.1 2.6 22.4 0.7 0.9 3.4 7.0 0.9 2.1 7.0 - 7.0
Triple-Semitrailer/ Trailers WB-30T 4.1 2.6 32.0 0.7 0.9 3.4 6.9 0.9 2.1° 7.0 7.0 7.0
Turnpike Double-Semitrailer/Trailer WB-33D* 4.1 2.6 34.8 0.7 0.8" 4.4 12.2 0.8" 3.1 13.6 - 13.0
Recreational Vehicles
Motor Home MH 3.7 2.4 9.2 1.2 1.8 6.1 - - - - - -
Car and Camper Trailer PIT 3.1 2.4 14.8 0.9 3.1 3.4 - 1.5 5.8 - - -
Car and Boat Trailer P/B — 2.4 12.8 0.9 2.4 3.4 — 1.5 4.6 — — —
Motor Home and Boat Trailer MH/B 3.7 2.4 16.2 1.2 2.4 6.1 - 1.8 4.6 - - -
Farm Tractor' TR 3.1 2.4-3.1 4.9 - - 3.1 2.7 0.9 2.0 - - -

Since vehicles are manufactured in U.S. Customary dimensions and

to provide only one physical size for each d

esign vehicle, the values shown in the design vehicle drawings have been soft

converted from numbers listed in feet, and then the numbers in this table have been rounded to the nearest tenth of a meter.

Dimensions are for a 150-200 hp tractor excluding any wagon length.

Note:

* =

*k =

a =

® = Combined dimension is typically 3.05 m.

¢ = Combined dimension is typically 3.05 m.

¢ = Combined dimension is typically 3.81 m.

f = This is overhang from the back axle of the tandem axle assembly.
¢

S is the distance from the rear effective axle to the hitch point or point of articulation.
T is the distance from the hitch point or point of articulation measured back to the center of the next axle or center of tandem axle assembly.

Design vehicle with 14.63 m trailer as adopted in 1982 Surface Transportation Assistance Act (STAA).
Design vehicle with 16.16 m trailer as grandfathered in with 1982 Surface Transportation Assistance Act (STAA).
Combined dimension is 5.91 m and articulating section is 1.22 m wide.

Exhibit 2-1. Design Vehicle Dimensions

To obtain the total length of tractor and one wagon, add 5.64 m to tractor length. Wagon length is measured from front of drawbar to rear of wagon, and drawbar is 1.98 m long.
WB;1, WB,, and WB, are the effective vehicle wheelbases, or distances between axle groups, starting at the front and working towards the back of each unit.
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US Customary

Dimensions (ft)
Overall Overhang Typical
Kingpin
to Center
of Rear
Design Vehicle Type Symbol Height Width Length Front Rear WB; WB, S T WB3 WB,4 Axle
Passenger Car P 4.25 7 19 3 5 11 - - - - - -
Single Unit Truck SU 11-13.5 8.0 30 4 6 20 - - - - - -
Buses .
Inter-city Bus (Motor Coaches) BUS-40 12.0 8.5 40 6 6.3d 24 3.7 — — — — —
BUS-45 12.0 8.5 45 6 8.5 26.5 4.0 - - - - -
City Transit Bus CITY-BUS 10.5 8.5 40 7 8 25 — — — — — —
Conventional School Bus (65 pass.) S-BUS 36 10.5 8.0 35.8 2.5 12 21.3 - - - - - -
Large School Bus (84 pass.) S-BUS 40 10.5 8.0 40 7 13 20 - - - - - -
Articulated Bus A-BUS 11.0 8.5 60 8.6 10 22.0 19.4 6.2° 13.2° - - -
Trucks
Intermediate Semitrailer WB-40 13.5 8.0 45.5 3 2.5 12.5 27.5 = = = = 27.5
Intermediate Semitrailer WB-50 13.5 8.5 55 3 27 14.6 35.4 - - - - 37.5
Interstate Semitrailer WB-62* 13.5 8.5 68.5 4 2.5 21.6 40.4 = = = = 42.5
Interstate Semitrailer R T 8.5 735 4 4525 | 216 |434-454| - - - - |455475
“Double-Bottom”-Semitrailer/Trailer WB-67D 13.5 8.5 73.3 2.33 3 11.0 23.0 3.0 7.0° 23.0 - 23.0
Triple-Semitrailer/ Trailers WB-100T 13.5 8.5 104.8 2.33 3 11.0 22.5 3.0° 7.0° 23.0 23.0 23.0
Turnpike Double-Semitrailer/Trailer WB-109D* 13.5 8.5 114 2.33 2.5 14.3 39.9 2.5 10.0° 44.5 - 42.5
Recreational Vehicles
Motor Home MH 12 8 30 4 6 20 - - - - - -
Car and Camper Trailer P/IT 10 8 48.7 3 10 11 — 5 19 — — —
Car and Boat Trailer P/B = 8 42 3 8 11 = 5 15 = = =
Motor Home and Boat Trailer MH/B 12 8 53 4 8 20 - 6 15 - - -
Farm Tractor' TR 10 8-10 16° - - 10 9 3 6.5 - - -
* = Design vehicle with 48 ft trailer as adopted in 1982 Surface Transportation Assistance Act (STAA).

@ - o a o o »

Design vehicle with 53 ft trailer as grandfathered in with 1982 Surface Transportation Assistance Act (STAA).

Combined dimension is 19.4 ft and articulating section is 4 ft wide.

Combined dimension is typically 10.0 ft.

Combined dimension is typically 10.0 ft.

Combined dimension is typically 12.5 ft.

This is overhang from the back axle of the tandem axle assembly.

Dimensions are for a 150-200 hp tractor excluding any wagon length.

To obtain the total length of tractor and one wagon, add 18.5 ft to tractor length. Wagon length is measured from front of drawbar to rear of wagon, and drawbar is 6.5 ft long.
WB;, WB,, and WB4 are the effective vehicle wheelbases, or distances between axle groups, starting at the front and working towards the back of each unit.
S is the distance from the rear effective axle to the hitch point or point of articulation.
T is the distance from the hitch point or point of articulation measured back to the center of the next axle or center of tandem axle assembly.

Exhibit 2-1. Design Vehicle Dimensions (Continued)
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AASHTO—Geometric Design of Highways and Streets

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

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

The WB-20 [WB-65 or 67] truck should generally be the minimum size design vehicle
considered for intersections of freeway ramp terminals with arterial crossroads and for
other intersections on state highways and industrialized streets that carry high volumes
of traffic and/or that provide local access for large trucks.

In addition to the 19 design vehicles, dimensions for a typica farm tractor are shown in
Exhibit 2-1, and the minimum turning radius for a farm tractor with one wagon is shown in
Exhibit 2-2. Turning paths of design vehicles can be determined from the dimensions shown in
Exhibit 2-1 and 2-2 and through the use of commercially available computer programs.

Minimum Turning Paths of Design Vehicles

Exhibits 2-3 through 2-23 present the minimum turning paths for 19 typical design vehicles.
The principa dimensions affecting design are the minimum centerline turning radius (CTR), the
out-to-out track width, the wheelbase, and the path of the inner rear tire. Effects of driver
characterigtics (such as the speed at which the driver makes a turn) and of the dip angles of
wheels are minimized by assuming that the speed of the vehicle for the minimum turning radius is
less than 15 km/h [10 mph].

The boundaries of the turning paths of each design vehicle for its sharpest turns are
established by the outer trace of the front overhang and the path of the inner rear whedl. This turn
assumes that the outer front whed follows the circular arc defining the minimum centerline
turning radius as determined by the vehicle steering mechanism. The minimum radii of the
outside and inside wheel paths and the centerline turning radii (CTR) for specific design vehicles
are given in Exhibit 2-2.

Trucks and buses generadly require more generous geometric designs than do passenger
vehicles. This is largely because trucks and buses are wider and have longer wheelbases and
greater minimum turning radii, which are the principal vehicle dimensions affecting horizontal
alignment and cross section. Single-unit trucks and buses have smaller minimum turning radii
than most combination vehicles, but because of their greater offtracking, the longer combination
vehicles need greater turning path widths. Exhibit 2-11 defines the turning characteristics of a
typical tractor/semitrailer combination. Exhibit 2-12 defines the lengths of tractors commonly
used in tractor/semitrailer combinations.

A combination truck is a single-unit truck with a full trailer, a truck tractor with a
semitrailer, or atruck tractor with a semitrailer and one or more full trailers. Because combination
truck sizes and turning characteristics vary widedly, there are several combination truck design

18



Design Controlsand Criteria

Metric
Conven-
tional Large?

Design Pas- Single City School | School Intermed-{ Intermed-
Vehicle | senger Unit Inter-city Bus Transit | Bus (65 [ Bus (84 | Articu- [iate Semi-|iate Semi-
Type Car Truck (Motor Coach) Bus pass.) pass.) [lated Bus| trailer trailer
Symbol P SuU BUS-12 | BUS-14 |CITY-BUS| S-BUS11| S-BUS12 A-BUS WB-12 WB-15
Minimum

Design

Turning 7.3 12.8 13.7 13.7 12.8 11.9 12.0 12.1 12.2 13.7
Radius

(m)

Center-

line*

Turning 6.4 11.6 124 124 115 10.6 10.8 10.8 11.0 125
Radius

(CTR)

Minimum

Inside

Radius 4.4 8.6 8.4 7.8 7.5 7.3 7.7 6.5 5.9 5.2
(m)

Turnpike
“Double | Triple Double Motor Farm

Design Bottom” Semi- Semi- Car and | Carand [ Home Tractor
Vehicle Interstate Combina-| trailer/ | trailer/ | Motor | Camper Boat |and Boat| w/One
Type Semi-trailer tion trailers | trailer | Home Trailer Trailer | Trailer | Wagon
Symbol | WB-19* c)/rv\?v-é?zo WB-20D | WB-30T | WB-33D* MH PIT P/B MH/B TRW
Minimum

Design

Turning 13.7 13.7 13.7 13.7 18.3 12.2 10.1 7.3 15.2 55
Radius

(m)

Center-

line*

Turning 125 125 125 125 17.1 11.0 9.1 6.4 14.0 4.3
Radius

(CTR)

Minimum

Inside

Radius 24 1.3 5.9 3.0 45 7.9 5.3 2.8 10.7 3.2
(m)
Note: Numbers in table have been rounded to the nearest tenth of a meter.

*
*%
1

Design vehicle with 14.63 m trailer as adopted in 1982 Surface Transportation Assistance Act (STAA).
Design vehicle with 16.16 m trailer as grandfathered in with 1982 Surface Transportation Assistance Act (STAA).

The turning radius assumed by a designer when investigating possible turning paths and is set at the centerline of
the front axle of a vehicle. If the minimum turning path is assumed, the CTR approximately equals the minimum
design turning radius minus one-half the front width of the vehicle.
School buses are manufactured from 42 passenger to 84 passenger sizes. This corresponds to wheelbase
lengths of 3,350 mm to 6,020 mm, respectively. For these different sizes, the minimum design turning radii vary
from 8.78 m to 12.01 m and the minimum inside radii vary from 4.27 m to 7.74 m.
Turning radius is for 150-200 hp tractor with one 5.64 m long wagon attached to hitch point. Front wheel drive is

disengaged and without brakes being applied.

Exhibit 2-2. Minimum Turning Radii of Design Vehicles
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AASHTO—Geometric Design of Highways and Streets

US Customary

Conven-
tional | Large?
Design Pas- Single City School | School Intermed-| Intermed-
Vehicle | senger Unit Inter-city Bus Transit | Bus (65 [ Bus (84 | Articu- [iate Semi-|iate Semi-
Type Car Truck (Motor Coach) Bus pass.) pass.) [lated Bus| trailer trailer
Symbol P SU BUS-40 | BUS-45 |CITY-BUS|S-BUS36| S-BUS40 | A-BUS WB-40 WB-50
Minimum
Design
Turning 24 42 45 45 42.0 38.9 39.4 39.8 40 45
Radius
(ft)
Center-
line*
Turning 21 38 40.8 40.8 37.8 34.9 354 355 36 41
Radius
(CTR)
Minimum
Inside | 144 | 283 | 276 | 255 | 245 | 238 | 254 213 | 193 17.0
Radius : ’ : ' ’ ' : : ’ :
(ft)
Turnpike
“Double | Triple | Double Motor Farm?®
Design Bottom” [ Semi- Semi- Carand | Carand | Home [ Tractor
Vehicle Interstate Semi- |Combina-| trailer/ | trailer/ | Motor | Camper Boat |and Boat| w/One
Type trailer tion trailers trailer Home Trailer Trailer Trailer Wagon
*%
Symbol | WB-62* | W05 | WB-67D | WB-100T|WB-109D*|  MH PIT PB | MHB | TRW
Minimum
Design
Turning 45 45 45 45 60 40 33 24 50 18
Radius
(m)
Center-
line*
Turning 41 41 41 41 56 36 30 21 46 14
Radius
(CTR)
Minimum
Inside
) 7.9 4.4 19.3 9.9 14.9 25.9 17.4 8.0 35.1 10.5
Radius
(m)
* Design vehicle with 48 ft trailer as adopted in 1982 Surface Transportation Assistance Act (STAA).

[N

20

Design vehicle with 53 ft trailer as grandfathered in with 1982 Surface Transportation Assistance Act (STAA).

The turning radius assumed by a designer when investigating possible turning paths and is set at the centerline of
the front axle of a vehicle. If the minimum turning path is assumed, the CTR approximately equals the minimum
design turning radius minus one-half the front width of the vehicle.
School buses are manufactured from 42 passenger to 84 passenger sizes. This corresponds to wheelbase
lengths of 132 in to 237 in, respectively. For these different sizes, the minimum design turning radii vary from
28.8 ft to 39.4 ft and the minimum inside radii vary from 14.0 ft to 25.4 ft.
Turning radius is for 150-200 hp tractor with one 18.5 ft long wagon attached to hitch point. Front wheel drive is

disengaged and without brakes being applied.

Exhibit 2-2. Minimum Turning Radii of Design Vehicles (Continued)



Design Controlsand Criteria

e —————

= Path of front

Path of left .
ci s -~ overhang

0 S5ft 10"t

P

0 1m 25m Path of right
scale rear ovarhnang

*  Assumed steering angle is 31.8 9
« CTR = Centerline turning
gi3m radius at front axle

(7 ]

— S e — ————— A — ——

B

Exhibit 2-3. Minimum Turning Path for Passenger Car (P) Design Vehicle
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AASHTO—Geometric Design of Highways and Streets

183 m 6.10m
[B ft] g45m (20 fi]
[30 ft]

T - Path of front

Path of left - ’/ﬁ-ﬂﬁﬁg
front wheel i

]

0 5ft 10 ||

AN = |

0 25m | |'

scale : |'

Path of right I :I

T rear whee ||

I

P I

- » Assumed steering angle is 31.7 .
[8 fi] « CTR = Centerline turning

radius at front axle

Exhibit 2-4. Minimum Turning Path for Single-Unit (SU) Truck Design Vehicle
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Design Controlsand Criteria

Ew
o
©

192 m |1.13lm I 7.32m 1.83m
[6.3f] [3.7f] 4220m [24 ft] [6 ft] 0 5ft 10ft
-t - -
SO0 0O 1Tm 25m
scale
Path of left e ™

front wheel
Path of front

0 5ft 101t
0 25m Path of right
scale rear whee

* Assumed steering angle is 38.7°
« CTR = Centerline turning
radius at front axle

Exhibit 2-5. Minimum Turning Path for Intercity Bus (BUS 12 [BUS40]) Design Vehicle
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AASHTO—Geometric Design of Highways and Streets

If
259m [122jm 8.08 m 183
[B5M 4R 4372m [265f 6fg | 0 G5ft 10ft
K 0 1m 25m
scale
- . Path of front

05ft10ft

0 25m
scale

Laom « CTR = Centerline turning
[8.5 fi] radius at front axle

Exhibit 2-6. Minimum Turning Path for Inter

24

« Assumed steering angle is 44.4°

Path of right
rear whee

- — — — —— — — — — — — — —

city Bus (BUS 14 [BUS45]) Design Vehicle



Design Controlsand Criteria

T Ao P T
@‘
@ |

A4m | 762m _|218m
Bf] ' 1220m [25fi] e '
GO T » 0 5f 10ft
: 0 1m 25m
scale

- ' : Path of front

Path of left

0 5ft101t

0 25m

 ———— — — — — W W — W ——

scale Path of right
rear wheel
I
259 m
8.5 fi]

* Assumed steering angle is 41 °
« CTR = Centerline turning
radius at ffont axle

Exhibit 2-7. Minimum Turning Path for City Transit Bus (CITY-BUS) Design Vehicle
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AASHTO—Geometric Design of Highways and Streets

e

ﬂjEEEIf l

C /_ _\ o
|' ©=
366m | 6.49 m 0.76 m
[12 t] 1091 m [21.31t] ‘-l [2.5 ft]
[35.8 ft] 0 5ft 101t
0 1m 25m
(Vista style) scale
Path of left Path of front
front wheel overhang

0 5ft 10 ft

e ——

]] [[ 0 25m
scale Path of right
rear wheel
244 m
[
(8 fi]

— . e e S — — — — — — —

* Assumed steering angle is 37.2°
* CTR = Centerline turning

radius at front axle
* 65 passenger bus

Exhibit 2-8. Minimum Turning Path for Conventional School Bus (S-BUS-11 [S-BUS-36])
Design Vehicle
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Design Controlsand Criteria
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* Assumed steering angle is 34.20
* CTR = Centerline turning

radius at front axle
* 84 passenger bus
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Exhibit 2-9. Minimum Turning Path for Large School Bus (S-BUS-12 [S-BUS-40])
Design Vehicle



AASHTO—Geometric Design of Highways and Streets
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Exhibit 2-10. Minimum Turning Path for Articulated Bus (A-BUS) Design Vehicle
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Design Controlsand Criteria

Tractor / trailer

Steering_
Angle
| |— | Path of Front Inside
oy Tractor Tire __
\ \ _/‘/-
s b -
vy,
\
e
Path of Overhang Wl
S B 1S
\
\
[\
i | “‘
- .’ ; : Turning Radius : .
toy / Turning
Center
Definitions:
1.

Turning radius—The circular arc formed by the turning path radius of the front outside tire of a vehicle.
This radius is also described by vehicle manufacturers as the “turning curb radius.”

CTR—The turning radius of the centerline of the front axle of a vehicle.

Offtracking—The difference in the paths of the front and rear wheels of a tractor/semitrailer as it
negotiates a turn. The path of the rear tires of a turning truck does not coincide with that of the front
tires, and this effect is shown in the drawing above.
Swept path width—The amount of roadway width that a truck covers in negotiating a turn and is equal
to the amount of offtracking plus the width of the tractor unit. The most significant dimension affecting
the swept path width of a tractor/semitrailer is the distance from the kingpin to the rear trailer axle or
axles. The greater this distance is, the greater the swept path width.
Steering angle—The maximum angle of turn built into the steering mechanism of the front wheels of a
vehicle. This maximum angle controls the minimum turning radius of the vehicle.
Tractor/trailer angle—The angle between adjoining units of a tractor/semitrailer when the combination
unit is placed into a turn; this angle is measured between the longitudinal axes of the tractor and trailer
as the vehicle turns. The maximum tractor/trailer angle occurs when a vehicle makes a 180° turn at the
minimum turning radius; this angle is reached slightly beyond the point where maximum swept path
width is achieved.

Exhibit 2-11. Turning Characteristics of a Typical Tractor-Semitrailer Combination Truck
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AASHTO—Geometric Design of Highways and Streets

a. Typical long-haul tractors (Tractor - samitrailar configuration) 457 m
221 "F't"] - *—T5n
g, CONVENTIONAL 305 ™
(CABOVER) *K ( ) o [10 7]

L
[]

[ 1
@@ ©
9‘ 530m . I 1.22 m
[d 21 [17.4 1) | [4 ft]

595m 1
442n] [19.51]

b. Typical city and shorthaul tractors (Tractor - semitrailer configuration) 228m

REZLEE

N

f) @@

@

1280 37m 0.81m

e
0.91m Man o [104f] | &)
(233 /) b= lERT |

135E| 381 m .

mazmg — [25f)

c. Typical tractor for Double & Triple configuration 168
m

A

0.71m
2331

d. Typical tractors for Rocky Mountain Double & Turnpike Double configuration
188 m 288 m

(CABOVER) |"" """ £ (CONVENTIONAL) i' CET

071 0.71m
3 m
233f 12.33 fi

Exhibit 2-12. Lengths of Commonly Used Truck Tractors
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Design Controlsand Criteria

10.06 m [33 fi] Trailer

137.m 777
s 255 ] 1
0 Sft 101t

0 1m 25m ggim |
scale I3 1] l

i -r@— 3 e
23R! ™ (25

— o ————

I L0.81m
IE [3 ]
12.20 m[40 ft] Wheelbase .
3 13.87 m[45.5 ft]or greater Ve
* Typical tire size and space between
tires applies to all trailers.

_____ 5 Path of front

-~ overhang

Path of left
front wheel

051t 101t

: Path of right
iE.D ftif rear wheal
1

0 25m
scale

Assumed steering angle is 20.4 ©
Assumed tractorftrailer angle is 46 ©
CTR = Centerling turning

L]
L]
L]
ﬁ radius at front axle

—— ———————— S — — — —

Exhibit 2-13. Minimum Turning Path for I ntermediate Semitrailer (WB-12 [WB-40])
Design Vehicle
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AASHTOOGeometric Design of Highways and Streets

12.95m [42.5 ft] Trailer

e e
1.22m 10.82 m [35.5 fi] -
st

]
f 1.245‘-51F 317m 091 m

.H' | [42d] [041] | [3 1]
' L
L 1524 m[50 fi] Wheelbase 1442 1] S
L 16.77 m 55 ft] or greater 2]
""""""" Path of front
Path of left overhang
front wheel

il O5f10f Pﬂthﬂfl‘ight
=il EP_:I“' rear wheel
gl 0 25m

scale

+ Assumed sleering angle is 17.9°
= Assumed tractor/trailer angle is 56°
* CTR = Centerline turning radius

]]_[[ at front axle

258 m

——— — —— — — — —— ——— — — —

]
[8.5ft]

Exhibit 2-14. Minimum Turning Path for Intermediate Semitrailer (WB-15 [WB-50])
Design Vehicle
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Design Controlsand Criteria
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Exhibit 2-15. Minimum Turning Path for Inter state Semitrailer (WB-19 [WB -62])
Design Vehicle

122 m
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33



AASHTO—Geometric Design of Highways and Streets

34

16.15 m[53 ft] Trailer
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T P e
l 2 1.22 |IB 5.10 @ 1.22
v m 3 m 3 m - m
- 1,35 m B TTAT ™ YRR
r [4 1] Aazh 1~ J42M sg5m (1740 [4 fi]
- 19.42 m [65 ff] Wheelbase [19.5 fl] .
' 22.41m [73.5 fi] |

i Mote: The WB-20 [WB-65] is shown.
ghl' A longer wheelbase vehicle, the
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Exhibit 2-16. Minimum Turning Path for Interstate Semitrailer

(WB-20 [WB -65 and WB-67]) Design Vehicle




Design Controlsand Criteria

B.69 m[28.5 ft] Trailer

869 m [28.5 fi] Trailer

i 7.01 m[23 fi] - 7.01 m[23 f sl
i | | I 1.898 m
! 1 | o5
| 0.91m 0fEm _ | | 0.81 0m _| e
i 7l Lu.gnm 2. -
| [3 ft] [2.5 fi] | | | B [2.5 ft] |

TS Y
: : n.ﬁm__l 335m N/ | 071m
H y 213 m f 1 ft . "‘ﬁ-ﬁ"
I 0 1m 25m ,—-QWI- [2.33 1) [11 1] I [2.33 1]
. scale 20.43 m [67 fi] Wheelbase b
Bz |
: 2205 m [72.33 fi]

TR W Path of front
/ii::i\ﬂ% 7 overhang
- Hh\t’“
Path of laft ~ Y 4
front wheel ri

2.44m
1[8 ft]

s

|l

-..ﬂ_""__-l‘urmn
:md“-‘s S1372mMsw

59
-
8.5 ft

]
3

[19.3 fi] min.
05f 10t
¢ 25m
scale Path of right
rear wheel

= Assurmned steering angle is 15.7
s Assurmed tractoritrailer angle is 35.1°
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* CTR = Centerling turning
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Exhibit 2-17. Minimum Turning Path for Double-Trailer Combination
(WB-20D [WB-67D]) Design Vehicle
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vehicles. These combination trucks are identified by the designation WB, together with the wheel
base or another length dimension in both metric and U.S. customary units. The combination truck
design vehicles are: (1) the WB-12 [WB-40] design vehicle representative of intermediate size
tractor-semitrailer combinations, (2) the WB-15 [WB-50] design vehicle representative of a
dightly larger intermediate size tractor-semitrailer combination commonly in use, (3) the WB-19
[WB-62] design vehicle representative of larger tractor semitrailer combinations allowed on
selected highways by the Surface Transportation Assistance Act of 1982, (4) the WB-20 [WB-65
or WB-67] design vehicle representative of a larger tractor-semitrailer alowed to operate on
selected highways by “grandfather” rights under the Surface Transportation Assistance Act of
1982, (5) the WB-20D [WB-67D] design vehicle representative of a tractor-semitrailer/full trailer
(doubles or twin trailer) combination commonly in use, (6) the WB-30T [WB-100T] design
vehicle representative of tractor-semitrailer/full trailer/full trailer combinations (triples)
selectively in use, and (7) the WB-33D [WB-109D] design vehicle representative of larger
tractor-semitrailer/full trailer combinations (turnpike double) selectively in use. Although
turnpike doubles and triple trailers are not permitted on many highways, their occurrence does
warrant inclusion in this publication.

The minimum turning radii and transition lengths shown in the exhibits are for turns at less
than 15 km/h [10 mph]. Longer transition curves and larger curve radii are needed for roadways
with higher speeds. The radii shown are considered appropriate minimum values for use in
design, athough skilled drivers might be able to turn with adightly smaller radius.

The dimensions of the design vehicles take into account recent trends in motor vehicle sizes
manufactured in the United States and represent a composite of vehicles currently in operation.
However, the design vehicle dimensions are intended to represent vehicle sizes that are critica to
geometric design and thus are larger than nearly all vehicles belonging to their corresponding
vehicle classes.

The turning paths shown in Exhibits 23 through 210 and Exhibits 2-13 through 2-23 were
derived by using commercialy available computer programs.

The P design vehicle, with the dimensions and turning characteristics shown in Exhibit 2-3,
represents a larger passenger car.

The SU design vehicle represents a larger single-unit truck. The control dimensions indicate
the minimum turning path for most single-unit trucks now in operation (see Exhibit 2-4). On
long-distance facilities serving large over-the-road truck traffic or inter-city buses (motor
coaches), the design vehicle should generaly be either a combination truck or an inter-city bus
(see Exhibit 2-5 or Exhibit 2-6).

For intra-city or city transt buses, a design vehicle designated as CITY-BUS is shown in
Exhibit 27. This design vehicle has a whed base of 7.62 m [25 ft] and an overdl length of
12.20 m [40 ft]. Buses serving particular urban areas may not conform to the dimensions shown
in Exhibit 27. For example, articulated buses, which are now used in certain cities, are longer
than a conventiona bus, with a permanent hinge near the vehicle€'s center that alows more
maneuverability. Exhibit 210 displays the critica dimensions for the A-BUS design vehicle.
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Also, due to the importance of school buses, two design vehicles designated as S-BUS 11
[SBUS 36] and S-BUS 12 [S-BUS 40] are shown in Exhibits 28 and 29, respectively. The
larger design vehicle is an 84-passenger bus and the smaller design vehicle is a 65-passenger bus.
The highway designer should aso be aware that for certain buses the combination of ground
clearance, overhang, and vertical curvature of the roadway may present problemsin hilly areas.

Exhibits 213 through 219 show dimensions and the minimum turning paths of the design
vehicles that represent various combination trucks. For local roads and streets, the WB-15
[WB-50] or WB-12 [WB-40] is often considered an appropriate design vehicle. The larger
combination trucks are appropriate for design of facilities that serve over-the-road trucks.

Exhibits 2-20 through 2-23 indicate minimum turning paths for typical recreationa vehicles.

In addition to the vehicles shown in Exhibits 23 through 2-10 and Exhibits 2-13 through
2-23, other vehicles may be used for selected design applications, as appropriate. With the advent
of computer programs that can derive turning path plots, the designer can determine the path
characteristics of any selected vehicle if it differs from those shown (1).

Vehicle Performance

Acceleration and deceleration rates of vehicles are often critical parameters in determining
highway design. These rates often govern the dimensions of such design features as intersections,
freeway ramps, climbing or passing lanes, and turnout bays for buses. The following data are not
meant to depict average performance for specific vehicle classes but rather lower performance
vehicles suitable for design application, such as alow-powered (compact) car and a loaded truck
or bus.

Based on its acceleration and deceleration performance, the passenger car seldom controls
design. From Exhibits 2-24 and 2-25, it is obvious that relatively rapid accelerations and
decelerations are possible, although they may be uncomfortable for the vehicle's passengers.
Also, due to the rapid changes being made in vehicle operating characteristics, current data on
acceleration and deceleration may soon become outdated. In addition, refer to the NCHRP
Report 400, Determination of Sopping Sght Distances (2). Exhibit 224 is based on NCHRP
Report 270 (3).

When a highway is located in a recreationa area, the performance characteristics of
recreational vehicles should be considered.

Vehicular Pollution

Pollutants emitted from motor vehicles and their impact on land uses adjacent to highways
are factors affecting the highway design process. As each vehicle travels along the highway, it
emits pollutants into the atmosphere and transmits noise to the surrounding area. The highway
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designer should recognize these impacts and evaluate them in selecting appropriate transportation
aternatives. Many factors affect the rate of pollutant emission from vehicles, including vehicle
miX, vehicle speed, ambient air temperature, vehicle age distribution, and percentage of vehicles
operating in a cold mode.

In addition to air pollution, the highway designer should aso consider noise pollution. Noise
is unwanted sound, a subjective result of sounds that intrude on or interfere with activities such as
conversation, thinking, reading, or sleeping. Thus, sound can exist without people—noise cannot.

Motor vehicle noise is generated by the mechanical operation of the vehicle and its
equipment, by its aerodynamics, by the action of its tires on the pavement, and, in metropolitan
areas, by the short-duration sounds of brake squeal, exhaust backfires, horns, and, in the case of
emergency vehicles, sirens.

Trucks and passenger cars are the major noise-producing vehicles on the nation’s highways.
Motorcycles are also a factor to be considered because of the rapid increase in their numbers in
recent years. Modern passenger cars are relatively quiet, particularly at the lower cruising speeds,
but exist in such numbers as to make their tota noise contribution significant. While noise
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produced by passenger cars increases dramatically with speed, steep grades have little influence
0N passenger car noise.

For passenger cars, noise produced under normal operating conditions is primarily from the
engine exhaust system and the tire-roadway interaction. Constant highway speeds provide much
the same noise reading whether or not a car’s engine is operating, because the noise is principally
produced by the tire-roadway interaction with some added wind noise. For conditions of
maximum acceleration, the engine system noise is predominant.

Trucks, particularly heavy diesel-powered trucks, present the most difficult noise problem on
the highway, with the development of more powerful engines generally increasing noise. Truck
noise levels are not greatly influenced by speed, however, because the factors (including
acceleration noise) that are not directly affected by speed usualy make up a mgjor portion of the
total noise. In contrast, steep grades can cause an increase in noise levels for large trucks.

Truck noise has severa principal components originating from such sources as exhaust,
engine gears, fans, and air intake. At higher speeds, tire-roadway interaction and wind noise add
to the problem. As in passenger cars, the noise produced by large diesd trucks is primarily from
the engine exhaust system and the tire-roadway interaction. For trucks, however, engine exhaust
noise tends to dominate tire-roadway interaction for most operating conditions, particularly
during acceleration.

The quality of noise varies with the number and operating conditions of the vehicles while
the directionality and amplitude of the noise vary with highway design features. The highway
designer should therefore be concerned with how highway location and design influence the
vehicle noise perceived by persons residing or working nearby. The perceived noise leve
decreases as the distance to the highway from a residence or workplace increases.

DRIVER PERFORMANCE
Introduction

An appreciation of driver performance is essentia to proper highway design and operation.
The suitability of a design rests as much on how safely and efficiently drivers are able to use the
highway as on any other criterion. When drivers use a highway designed to be compatible with
their capabilities and limitations, their performance is aided. When a design is incompatible with
the capabilities of drivers, the chance for driver errors increase, and crashes or inefficient
operation may result.

This section provides information about driver performance useful to highway engineers in
designing and operating highways. It describes drivers in terms of their performance—how they
interact with the highway and its information system and why they make errors.

The materiad draws extensively from A User’s Guide to Positive Guidance (4), which
contains information on driver attributes, driving tasks, and information handling by the driver.
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Where positive guidance is applied to design, competent drivers, using well-designed highways
with appropriate information displays, can perform safely and efficiently. Properly designed and
operated highways, in turn, provide positive guidance to drivers. In addition, Transportation
Research Record 1281 entitled Human Factors and Safety Research Related to Highway Design
and Operations (5), provides background information.

Older Drivers

At the start of the 20th century, approximately 4 percent of America's population was 65
years of age or older. This group, which accounted for 15 percent of the driving population in
1986, and is expected to increase to 22 percent by the year 2030.

Older drivers and pedestrians are a significant and rapidly growing segment of the highway
user population with a variety of age-related diminished capabilities. As a group, they have the
potential to adversely affect the highway system’s safety and efficiency. There is agreement that
older road users require mobility and that they should be accommodated by the design and
operational characteristics of a highway to the extent practical.

Older drivers have special needs that should be considered in highway design and traffic
control. For example, for every decade after age 25, drivers need twice the brightness at night to
receive visua information. Hence, by age 75, some drivers may need 32 times the brightness they
did at age 25.

Research findings show that enhancements to the highway system to improve its usability
for older drivers and pedestrians can aso improve the system for al users. Thus, designers and
engineers should be aware of the capabilities and needs of older road users and consider
appropriate measures to aid their performance. A Federal Highway Administration report, entitled
Older Driver Highway Design Handbook: Recommendations and Guidelines (6), provides
information on how geometric design elements and traffic control devices can be modified to
better meet the needs and capabilities of older road users.

The Driving Task

The driving task depends on drivers recelving and using information correctly. The
information received by drivers as they travel is compared with the information they aready
possess. Decisions are then made by drivers based on the information available to them and
appropriate control actions are taken.

Driving encompasses a number of discrete and interrelated activities. When grouped by
performance, the components of the driving task fal into three levels: control, guidance, and
navigation. These activities are ordered on scales of complexity of task and importance for safety.
Simple steering and speed control are at one end of the scale (control). Road-following and safe-
path maintenance in response to road and traffic conditions are at midlevel of the scae
(guidance). At the other end of the scale are trip planning and route following (navigation).
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The driving task may be complex and demanding, and severa individual activities may need
to be performed smultaneoudy, requiring smooth and efficient processing and integration of
information. Driving often occurs at high speeds, under time pressure, in unfamiliar locations,
and under adverse environmental conditions. The driving task may at other times be so smple
and undemanding that a driver becomes inattentive. The key to safe, efficient driver performance
in this broad range of driving situations is error-free information handling.

Driver errors result from many driver, vehicle, roadway, and traffic factors. Some driver
errors occur because drivers may not always recognize what particular roadway traffic situations
are require of them, because situations may lead to task overload or inattentiveness, and because
deficient or inconsistent designs or information displays may cause confusion. Driver errors may
also result from pressures of time, complexity of decisions, or profusion of information. Control
and guidance errors by drivers may aso contribute directly to crashes. In addition, navigationa
errors resulting in delay contribute to inefficient operations and may lead indirectly to crashes.

The Guidance Task

Of the three major components of the driving task, highway design and traffic operations
have the greatest effect on guidance. An appreciation of the guidance component of the driving
task is needed by the highway designer to aid driver performance.

Lane Placement and Road Following

Lane placement and road-following decisions, including steering and speed control
judgments, are basic to vehicle guidance. Drivers use a feedback process to follow aignment and
grade within the congtraints of road and environmental conditions. Obstacle-avoidance decisions
are integrated into lane placement and road-following activities. This portion of the guidance task
level is continually performed both when no other traffic is present (singularly) or when it is
shared with other activities (integrated).

Car Following

Car following is the process by which drivers guide their vehicles when following another
vehicle. Car-following decisions are more complex than road-following decisions because they
involve speed-control modifications. In car following, drivers need to constantly modify their
speed to maintain safe gaps between vehicles. To proceed safely, they have to assess the speed of
the lead vehicle and the speed and position of other vehicles in the traffic stream and continually

detect, assess, and respond to changes.
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Passing Maneuvers

The driver decision to initiate, continue, or complete a passng maneuver is even more
complex than the decisions involved in lane placement or car following. Passing decisions require
modifications in road- and car-following and in speed control. In passing, drivers must judge the
speed and acceleration potential of their own vehicle, the speed of the lead vehicle, the speed and
rate of closure of the approached vehicle, and the presence of an acceptable gap in the traffic
stream.

Other Guidance Activities

Other guidance activities include merging, lane changing, avoidance of pedestrians, and
response to traffic control devices. These activities aso require complex decisions, judgments,
and predictions.

The Information System

Each element that provides information to drivers is part of the information system of the
highway. Forma sources of information are the traffic control devices specifically designed to
display information to drivers. Informal sources include such elements as roadway and roadside
design features, pavement joints, tree lines, and traffic. Together, the formal and informal sources
provide the information drivers need to drive safely and efficiently. Forma and informal sources
of information are interrelated and must reinforce and augment each other to be most useful.

Traffic Control Devices

Traffic control devices provide guidance and navigation information that often is not
otherwise available or apparent. Such devices include regulatory, warning, and guide signs, and
other route guidance information. Other traffic control devices, such as markings and delinesation,
display additiona information that augments particular roadway or environmenta features. These
devices help drivers perceive information that might otherwise be overlooked or difficult to
recognize. Information on the appropriate use of traffic control devicesis presented in the Manual
on Uniform Traffic Control Devices (7).

The Roadway and its Environment

Selection of speeds and paths is dependent on drivers being able to see the road ahead.
Drivers must see the road directly in front of their vehicles and far enough in advance to perceive
with a high degree of accuracy the aignment, profile gradeline, and related aspects of the
roadway. The view of the road aso includes the environment immediately adjacent to the
roadway. Such appurtenances as shoulders and roadside obstacles (including sign supports,
bridge piers, abutments, guardrail, and median barriers) affect driving behavior and, therefore,
should be clearly visible to the driver.
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Information Handling

Drivers use many of their senses to gather information. Most information is received visualy
by drivers from their view of the roadway alignment, markings, and signs. However, drivers aso
detect changes in vehicle handling through instinct. They do so, for example, by feeling road
surface texture through vibrations in the steering wheel and hearing emergency vehicle sirens.

Throughout the driving task, drivers perform severa functions amost smultaneously. They
look at information sources, make numerous decisions, and perform necessary control actions.
Sources of information (some needed, others not) compete for their attention. Needed information
should be in the driver’'s field of view, available when and where needed, available in a usable
form, and capable of capturing the driver’s attention.

Because drivers can only attend to one visud information source at a time, they integrate the
various information inputs and maintain an awareness of the changing environment through an
attention-sharing process. Drivers sample visua information obtained in short-duration glances,
shifting their attention from one source to another. They make some decisions immediately, and
delay others, through reliance on judgment, estimation, and prediction to fill in gaps in available
information.

Reaction Time

Information takes time to process. Drivers reaction times increase as a function of decision
complexity and the amount of information to be processed. Furthermore, the longer the reaction
time, the greater the chance for error. Johannson and Rumar (8) measured brake reaction time for
expected and unexpected events. Their results show that when an event is expected, reaction time
averages about 0.6 s, with a few drivers taking as long as 2 s. With unexpected events, reaction
times increased by 35 percent. Thus, for a smple, unexpected decision and action, some drivers
may take as long as 2.7 s to respond. A complex decision with severa aternatives may take
several seconds longer than a simple decision. Exhibit 226 shows this relationship for median-
case drivers, whereas Exhibit 2-27 shows this relationship for 85th-percentile drivers. The figures
guantify the amount of information to be processed in bits. Long processing times decrease the
time available to attend to other tasks and increase the chance for error.

Highway designs should take reaction times into account. It should be recognized that
drivers vary in their responses to particular events and take longer to respond when decisions are
complex or events are unexpected. Clear sight lines and adequate decision sight distance provide
amargin for error.
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Primacy

Primacy relates the relative importance to safety of competing information. Control and
guidance information is important because the related errors may contribute directly to crashes.
Navigation information has a lower primacy because errors may lead to inefficient traffic flow,
but are less likely to lead to crashes. Accordingly, the design should focus the drivers attention
on the safety-critica design elements and high-priority information sources. This goa may be
achieved by providing clear sight lines and good visual quality.

Expectancy

Driver expectancies are formed by the experience and training of drivers. Situations that
generaly occur in the same way, and successful responses to these situations, are incorporated
into each driver's store of knowledge. Expectancy relates to the likelihood that a driver will
respond to common situations in predictable ways that the driver has found successful in the past.
Expectancy affects how drivers perceive and handle information and modify the speed and nature
of their responses.

Reinforced expectancies help drivers respond rapidly and correctly. Unusua, unique, or
uncommon sSituations that violate driver expectancies may cause longer response times,
inappropriate responses, or errors.

Most highway design features are sufficiently similar to create driver expectancies related to
common geometric, operational, and route characteristics. For example, because most freeway
interchanges have exits on the right side of the road, drivers generdly expect to exit from the
right. This aids performance by enabling rapid and correct responses when exits on the right are
to be negotiated. There are, however, instances where expectancies are violated. For example, if
an exit ramp is on the left, then the right-exit expectancy is incorrect, and response times may be
lengthened or errors committed.

One of the most important ways to aid driver performance is to develop designs in
accordance with prevalent driver expectancies. Unusual design features should be avoided, and
design elements should be applied consistently throughout a highway segment. Care should also
be taken to maintain consistency from one segment to another. When drivers obtain the
information they expect from the highway and its traffic control devices, their performance tends
to be error free. Where they do not get what they expect, or get what they do not expect, errors
may result.

Driver Error
A common characteristic of many high-crash locations is that they place large or unusual

demands on the information-processing capabilities of drivers. Inefficient operation and crashes
usually occur where the driver's chances for information-handling errors are high. At locations
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where information-processing demands on the driver are high, the possibility of error and
inappropriate driver performance increases.

Errors Due to Driver Deficiencies

Many driving errors are caused by deficiencies in a driver’s capabilities or temporary states,
which, in conjunction with inappropriate designs or difficult traffic situations, may produce a
failure in judgment. For example, insufficient experience and training may contribute to adriver’s
inability to recover from a skid. Similarly, inappropriate risk taking may lead to errors in gap
acceptance while passing (9). In addition, poor glare recovery may cause older drivers to miss
information at night (10).

Adverse psychophysiological states aso lead to driver failures. These include decreased
performance caused by acohol and drugs, for which a link to crashes has been clearly
established. The effects of fatigue, caused by deep deprivation from extended periods of driving
without rest or prolonged exposure to monotonous environments, or both, also contribute to
crashes (11).

It is not generally possible for a design or an operational procedure to reduce errors caused
by innate driver deficiencies. However, designs should be as forgiving as practica to lessen the
consequences of such failures. Errors committed by competent drivers can be reduced by proper
design and operation. Most individuals possess the attributes and skills to drive properly and are
neither drunk, drugged, nor fatigued at the start of their trips. When drivers overextend
themselves, fail to take proper rest breaks, or drive for prolonged periods, they ultimately reach a
less-than-competent state. Fatigued drivers represent a sizable portion of the long-trip driving
population and should therefore be considered in freeway design.

Although opinions among experts are not unanimous, there is general agreement that
advancing age has a deleterious effect on an individud’s perceptual, mental, and motor skills.
These Kills are critical factors in vehicular operation. Therefore, it is important for the road
designer to be aware of the needs of the older driver, and where appropriate, to consider these
needs in the roadway design.

Some of the more important information and observations from recent research studies
concerning older driversis summarized below:

1. Characteristics of the Older Driver. In comparison to younger drivers, older drivers
often exhibit the following operational deficiencies:

slower information processing

dower reaction times

dower decision making

visua deterioration

hearing deterioration

decline in ability to judge time, speed, and distance

54



Design Controlsand Criteria

limited depth perception
limited physical mobility
side effects from prescription drugs

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

making left turns across traffic

merging with high-speed traffic

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

stopping quickly for queued traffic

parking

3. Countermeasures. The following countermeasures may help to dleviate the potentia
problems of the older driver:

assess al guidelines to consider the practicdity of designing for the 95th- or 99th-
percentile driver, as appropriate, to represent the performance abilities of an older
driver

improve sight distance by modifying designs and removing obstructions,
particularly at intersections and interchanges

assess sight triangles for adequacy of sight distance

provide decision sight distances

smplify and redesign intersections and interchanges that require multiple
information reception and processing

consider aternate designs to reduce conflicts

increase use of protected left-turn signal phases

increase vehicular clearance times at signalized intersections

provide increased walk times for pedestrians

provide wider and brighter pavement markings

provide larger and brighter signs

reduce sign clutter

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

enforce speed limits

increase driver education

In roadway design, perhaps the most practical measure related to better accommodate older
drivers is an increase in sight distance, which may be accomplished through increased use of
decision sight distance. The gradual aging of the driver population suggests that increased use of
decision sight distance may help to reduce future crash frequencies for older drivers. Where
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provison of decision sight distance is impractical, increased use of advance warning or guide
signs may be appropriate.

Errors Due to Situation Demands

Drivers often commit errors when they have to perform several highly complex tasks
simultaneously under extreme time pressure (12). Errors of this type usualy occur at urban
locations with closaly spaced decision points, intensive land use, complex design features, and
heavy traffic. Information-processing demands beyond the drivers capabilities may cause
information overload or confuse drivers, resulting in an inadequate understanding of the driving
Stuation.

Other locations present the opposite situations and are associated with different types of
driver errors. Typicaly these are rura locations where there may be widely spaced decision
points, sparse land use, smooth aignment, and light traffic. Information demands are thus
minimal, and rather than being overloaded with information, the lack of information and
decision-making demands may result in inattentiveness by drivers. Driving errors may be caused
by a state of decreased vigilance in which drivers fail to detect, recognize, or respond to new,
infrequently encountered, or unexpected design elements or information sources.

Speed and Design

Speed reduces the visual field, restricts peripheral vison, and limits the time available for
drivers to receive and process information. Highways built to accommodate high speeds help
compensate for these limitations by simplifying control and guidance activities, by aiding drivers
with appropriate information, by placing this information within the cone of clear vision, by
eliminating much of the need for peripheral vision, and by ssimplifying the decisions required and
spacing them farther apart to decrease information-processing demands.

Current freeway designs have nearly reached the goal of alowing drivers to operate at high
speeds in comfort and safety. Control of access to the traveled way reduces the potentia for
conflicts by giving drivers a clear path. Clear roadsides have been provided by eiminating
obstructions or designing them to be more forgiving. The modern freeway provides an alignment
and profile that, together with other factors, encourages high operating speeds.

Although improved design has produced significant benefits, it has aso created potential
problems. For example, driving at night a high speeds may lead to reduced forward vision
because of the inability of headlights to illuminate objects in the driver’s path in sufficient time
for some drivers to respond (13). In addition, the severity of crashes is generaly greater with
increased speed.

Finaly, the very fact that freeways succeed in providing safe, efficient transportation can
lead to difficulties. The Institute of Traffic Engineers (L4) indicated that “Freeways encourage
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drivers to extend the customary length and duration of their trips. This results in driver fatigue
and slower reaction as well as areduction in attention and vigilance.”

Thus, extended periods of high-speed driving on highways with low demand for information
processing may not aways be conducive to proper information handling by drivers and may
therefore lead to driver fatigue. Highway design should take these possible adverse effects into
account and seek to lessen their consequences. For example, long sections of flat, tangent
roadway should be avoided and flat, curving aignment that follows the natural contours of the
terrain should be used whenever practical. Rest areas spaced at intervals of approximately one
hour or less of driving time have aso proved beneficia.

Design Assessment

The preceding sections of this chapter have described the way drivers use information
provided by the highway and its appurtenances. This discussion has shown the interdependence
between design and information display. Both should be assessed in the design of highway
projects. Because drivers “read” the road and the adjacent environment and make decisions based
on what they see (even if traffic control devices making up the formal information system
indicate inconsistencies with the driver's view), a highway segment that is ingppropriately
designed may not operate safely and efficiently. Conversely, an adequately designed highway
may not operate properly without the appropriate complement of traffic control devices.

Designers should consider how the highway will fit into the existing landscape, how the
highway should be signed, and the extent to which the information system will complement and
augment the proposed design. The view of the road is very important, especialy to the unfamiliar
driver. Therefore, consideration should be given to the visua qualities of the road. This can be
accomplished through the use of 3-D computer visualization programs.

Locations with potential for information overload should be identified and corrected. The
adequacy of the sight lines and sight distances should be assessed, and it should be determined
whether unusua vehicle maneuvers are required and whether likely driver expectancies may be
violated.

Potential driver problems can be anticipated before a facility is built by using information
about the driving tasks and possible driver errors to assess the design. When trade-offs are
appropriate, they should be made with the drivers' capabilitiesin mind to ensure that the resultant
design is compatible with those capabilities. Properly designed highways that provide positive
guidance to drivers can operate at a high level of safety and efficiency; therefore, designers
should seek to incorporate these principles in highway design.
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TRAFFIC CHARACTERISTICS
General Considerations

The design of a highway and its features should be based upon explicit consideration of the
traffic volumes and characteristics to be served. All information should be considered jointly.
Financing, quality of foundations, availability of materials, cost of right-of-way, and other factors
al have important bearing on the design; however, traffic volumes indicate the need for the
improvement and directly affect the geometric design features, such as number of lanes, widths,
alignments, and grades. It is no more rationa to design a highway without traffic information
than it is to design a bridge without knowledge of the weights and numbers of vehicles it is
intended to support. Information on traffic volumes serves to establish the loads for the geometric
highway design.

Traffic datafor aroad or section of road are generally available or can be obtained from field
studies. The data collected by State or local agencies include traffic volumes for days of the year
and time of the day, as well as the distribution of vehicles by type and weight. The data aso
include information on trends from which the designer may estimate the traffic to be expected in
the future.

Volume
Average Daily Traffic

The most basic measure of the traffic demand for a highway is the average daily traffic
(ADT) volume. The ADT is defined as the total volume during a given time period (in whole
days), greater than one day and less than one year, divided by the number of days in that time
period. The current ADT volume for a highway can be readily determined when continuous
traffic counts are available. When only periodic counts are taken, the ADT volume can be
estimated by adjusting the periodic counts according to such factors as the season, month, or day
of week.

Knowledge of the ADT volume is important for many purposes, such as determining annual
highway usage as justification for proposed expenditures or designing the structural elements of a
highway. However, the direct use of ADT volume in the geometric design of highways is not
appropriate except for local and collector roads with relatively low volumes because it does not
indicate traffic volume variations occurring during the various months of the year, days of the
week, and hours of the day. The amount by which the volume of an average day is exceeded on
certain days is appreciable and varied. At typicd rurd locations, the volume on certain days may
be double the ADT. Thus, a highway designed for the traffic on an average day would be required
to carry a volume greater than the design volume for a considerable portion of the year, and on
many days the volume carried would be much greater than the design volume.
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Peak-Hour Traffic

Traffic volumes for an interva of time shorter than a day more appropriately reflect the
operating conditions that should be used for design. The brief, but frequently repeated, rush-hour
periods are significant in this regard. In nearly al cases, a practical and adequate time period is
one hour.

The traffic pattern on any highway shows considerable variation in traffic volumes during
the various hours of the day and in hourly volumes throughout the year. A key design decision
involves determining which of these hourly traffic volumes should be used as the basis for design.
While it would be wasteful to predicate the design on the maximum peak-hour traffic that occurs
during the year, the use of the average hourly traffic would result in an inadequate design. The
hourly traffic volume used in design should not be exceeded very often or by very much. On the
other hand, it should not be so high that traffic would rarely be sufficient to make full use of the
resulting facility. One guide in determining the hourly traffic volume that is best suited for use in
design is a curve showing variation in hourly traffic volumes during the year.

Exhibit 228 shows the relationship between the highest hourly volumes and ADT on rural
arterials. This figure was produced from an analysis of traffic count data covering a wide range of
volumes and geographic conditions. The curves in the chart were prepared by arranging all of the
hourly volumes for one year, expressed as a percentage of ADT, in a descending order of
magnitude. The middle curve is the average for al locations studied and represents a highway
with average fluctuation in traffic flow.

Based on a review of these curves, it is recommended that the hourly traffic volume that
should generaly be used in design is the 30th highest hourly volume of the year, abbreviated as
30 HV. The reasonableness of 30 HV as a design control is indicated by the changes that result
from choosing a somewhat higher or lower volume. The curve in Exhibit 2-28 steepens quickly to
the left of the point showing the 30th highest hour volume and indicates only a few more hours
with higher volumes. The curve flattens to the right of the 30th highest hour and indicates many
hours in which the volume is not much less than the 30 HV.

On rura roads with average fluctuation in traffic flow, the 30 HV is typically about 15
percent of the ADT. Whether or not this hourly volume is too low to be appropriate for design
can be judged by the 29 hours during the year when it is exceeded. The maximum hourly volume,
which is approximately 25 percent of the ADT on the graph, exceeds 30 HV by about 67 percent.

Whether the 30 HV istoo high for practical economy in design can be judged by the trend in
the hourly volumes lower than the 30th highest hour. The middle curve in Exhibit 2-28 indicates
that the traffic volume exceeds 11.5 percent of the ADT during 170 hours of the year. The lowest
of thisrange of hourly volumes is about 23 percent less than the 30 HV.

59



AASHTO—Geometric Design of Highways and Streets

36

32

Road with Averaoge Fluctuation

S | /ﬁ_ in_Troffic Flow

s NI ||

o

c 24 \l I/

3 \ / —30 HV Exceedead at IS5 Percent

o /-of Locatlons

@9 20

o g \--_ }/

n =

oo -\"L

0 ’;\ 16 ~] —

* O \ .\ _-._-"'--1-__
SRR B 1]
Lo B

- 3z 12 —

»" T

e e ——

D=

29 8 \ _—

Exceeded at B85 Percent
4 of Locations

0 20 410 60 80 100 120 140 160

Number of Hours In One Year with Hourly Volume
Greater than that Shown

Exhibit 2-28. Relation Between Peak-Hour and Average Daily Traffic Volumes on
Rural Arterials

Another fortunate characteristic of 30 HV isthat, as a percentage of ADT, it generaly varies
only dightly from year to year even though the ADT may change substantialy. Increased ADT
generaly results in a dight decrease in the percentage of ADT during the 30 HV. Thus, the
percentage of ADT used for determining the 30 HV from current traffic data for a given facility
can generaly be used with confidence in computing the 30 HV from an ADT volume determined
for some future year. This consistency between current and future may not apply where thereis a
radical change in the use of the land area served by the highway. In cases where the character and
magnitude of future development can be foreseen, the relation of 30 HV to ADT may be based on
experience with other highways serving areas with similar land-use characteristics.

For highway design purposes, the variation in hourly traffic volumes should be measured
and the percentage of ADT during the 30th highest hour determined. Where such measurements
are impractical and only the ADT is known, the 30 HV should be estimated from 30th-hour
percentage factors for similar highways in the same locality, operating under similar conditions.
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On atypica rurd arteria, the 30 HV is about 15 percent of ADT, and the maximum hourly
volume is about 25 percent of ADT. As indicated in Exhibit 2-28, the 30 HV at 70 percent of all
locations, except those having unusually high or low fluctuation in traffic flow, is in the range of
12 to 18 percent of the ADT. Likewise the range in maximum hourly volumes for the same
groups of roads varies approximately from 16 to 32 percent of the ADT. These criteria for design
apply to most rura highways. There are highways, however, for which there are unusua or
highly seasonal fluctuations in traffic flow, such as resort roads on which weekend traffic during
a few months of the year far exceeds the traffic during the rest of the year. Seasond fluctuations
result in high peak-hour volumes relative to ADT, high percentages for high-volume hours, and
low percentages for low-volume hours.

Because the percentage represented by the 30 HV for a road with large seasonal fluctuations
may not be much different from the percentage represented by the 30 HV on most rural roads, the
30 HV criterion may not be appropriate for such roads. A design that results in somewhat less
satisfactory traffic operation during seasona peaks than on rura roads with norma traffic
fluctuations, will generaly be accepted by the public. On the other hand, design should not be so
economical that severe congestion results during peak hours. It may be desirable, therefore, to
choose an hourly volume for design, which is about 50 percent of the volumes expected to occur
during a few highest hours of the design year, whether or not that volume is equa to 30 HV.
Some congestion would be experienced by traffic during peak hours but the capacity would not
be exceeded. A check should be made to ensure that the expected maximum hourly traffic does
not exceed the capacity.

The design hourly volume (DHV) for rura highways, therefore, should generally be the 30
HV of the future year chosen for design. Exceptions may be made on roads with high seasonal
traffic fluctuation, where a different hourly volume may need to be used. The 30-HV criterion
also applies in generd to urban areas; however, where the fluctuation in traffic flow is markedly
different from that on rura highways, other hours of the year should be considered as the basis
for design.

In urban areas, an appropriate DHV may be determined from the study of traffic during the
normal daily peak periods. Because of the recurring morning and afternoon peak traffic flow,
there is usudly little difference between the 30th and the 200th highest hourly volume. For
typical urban conditions, the highest hourly volume is found during the afternoon work-to-home
travel peak. One approach for determining a suitable DHV is to select the highest afternoon peak
traffic flow for each week and then average these values for the 52 weeks of the year. If the
morning peak-hour volumes for each week of the year are al less than the afternoon peak
volumes, the average of the 52 weekly afternoon peak-hour volumes would have about the same
value as the 26th highest hourly volume of the year. If the morning peaks are equa to the
afternoon peaks, the average of the afternoon peaks would be about equal to the 50th highest
hourly volume.

The volumes represented by the 26th and 50th highest hours of the year are not sufficiently
different from the 30 HV vaue to affect design. Therefore, in urban design, the 30th highest
hourly volume can aso be assumed to be a reasonable representation of daily peak hours during
the year. Exceptions may be appropriate in those areas or locations where recreationa or other

61



AASHTO—Geometric Design of Highways and Streets

travel is concentrated during particular seasons. At such locations, a distribution of traffic volume
where the hourly volumes are much greater than the 30 HV may result; the 30 HV in such cases
may be inappropriate as the DHV and a higher value should be considered in design. Specific
measurements of traffic volumes should be made and evauated to determine the appropriate
DHV.

Traffic estimates used for the design of urban streets and highways are usually expressed as
ADT volumes derived from the urban transportation planning process. In recent years, however,
consideration has been given to the development of DHVs by making peak-hour traffic
assgnments in lieu of ADT assignments. The availability of the 1980 and 1990 census journey-
to-work information has had a major influence on this latter approach.

In the usual case, future travel demand is determined from the urban transportation planning
process in terms of total daily trips that are assigned to the transportation system. Consideration
of the split between public and private transportation is also incorporated into this process. These
assigned trips congtitute the traffic volumes on links of the future street and highway network.

In some instances, these volumes (ADT) are provided directly to highway designers. In
others, they are converted by the operational transportation study staff to directional volumes for
the design hour. From a practical standpoint, the latter approach may be the more desirable
because the transportation study staff is often in a better position to evaluate the effects that the
assumptions inherent in the planning process have on the resulting design volumes.

Two-way DHVs (i.e, the 30 HV, or its equivaent) may be determined by applying a
representative percentage (usualy 8 to 12 percent in urban aress) to the ADT. In many cases this
percentage, based on data obtained in a traffic count program, is developed and applied system-
wide; in other cases, factors may be developed for different facility classes or different areas of an
urban region, or both. At least one highway agency has developed regression equations
representing the relationship between peak flow and ADT; different equations are applied,
depending on the number of lanes and the range of the ADT volumes.

Directional Distribution

For two-lane rural highways, the DHV is the total traffic in both directions of travel. In the
design of highways with more than two lanes and on two-lane roads where important
intersections are encountered or where additional lanes are to be provided later, knowledge of the
hourly traffic volume for each direction of travel is essential.

A multilane highway with a high percentage of traffic in one direction during the peak hours
may need more lanes than a highway having the same ADT but with a lesser percentage of
directional traffic. During peak hours on most rural highways, from 55 to 70 percent of the traffic
is traveling in the peak direction, with up to as much as 80 percent occasionally. Directiona
distributions of traffic vary enough between sites that two multilane highways carrying equa
traffic may have peak direction volumes that differ by as much as 60 percent. For example,
consider a rura road with a design volume of 4,000 vehicles per hour (vph) for both directions of
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travel combined. If during the design hour, the directiond distribution is equally split, or
2,000 vph is one direction, two lanes in each direction may be adequate. If 80 percent of the DHV
isin one direction, at least three lanes in each direction would be needed for the 3,200 vph; and if
a1,000-vehicles-per-lane criterion is applied, four lanes in each direction would be needed.

The peak-hour traffic distribution by direction of travel is generally consistent from day to
day and from year to year on a given rural road, except on some highways serving recreationa
areas. Except for urban highways, the directiona distribution of traffic measured for current
conditions may generdly be assumed to apply to the DHV for the future year for which the
facility is designed.

The directiona distribution of traffic on multilane facilities during the design hour (DDHV)
should be determined by making field measurements on the facility under consideration or on
parallel and smilar facilities. In the latter case, the parallel facilities should preferably be those
from which traffic, for the most part, would be diverted to the new highway. The DDHV
applicable for use on multilane facilities may be computed by multiplying the ADT by the
percentage that 30 HV is of the ADT, and then by the percentage of traffic in the peak direction
during the design hour. Thus, if the DHV is 15 percent of the ADT and the directiona
distribution at the peak hour is 60:40, the DDHV is 0.15 x 0.60 x ADT, or 9 percent of the ADT.
If the directiona ADT is known for only one direction, the ADT is nearly aways twice the
directional ADT.

In designing intersections and interchanges, the volumes of al movements occurring during
the design hour should be known. This information is needed for both the morning and evening
peak periods because the traffic pattern may change significantly from one peak hour to the other.
Normally, a design is based on the DHV, which is to be accommodated during the morning rush
hour in one direction and during the evening rush hour in the other direction. Tota (two-way)
volumes may be the same during both of these pesks, but the percentage of traffic in the two
directions of travel is reversed. At intersections, the percentage of approaching traffic that turns to
the right and to the left on each intersection leg should be determined separately for the morning
and evening peak periods. This information should be determined from actua counts, from origin
and destination data, or both.

Composition of Traffic

Vehicles of different sizes and weights have different operating characteristics that should be
considered in highway design. Besides being heavier, trucks are generaly slower and occupy
more roadway space. Consequently, trucks have a greater effect on highway traffic operation
than do passenger vehicles. The overall effect on traffic operation of one truck is often equivaent
to several passenger cars. The number of equivaent passenger cars is dependent on the roadway
gradient and, for two-lane highways, on the available passing sight distance. Thus, the larger the
proportion of trucks in atraffic stream, the greater the traffic demand and the greater the highway
capacity needed.
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For uninterrupted traffic flow, as typically found in rural areas, the various sizes and weights
of vehicles, asthey affect traffic operation, can be grouped into two genera classes:

Passenger cars—all passenger cars, including mini-vans, vans, pick-up trucks, and
sport/utility vehicles
Trucks—all buses, single-unit trucks, and combination trucks

For traffic-classification purposes, trucks are normaly defined as those vehicles having
manufacturer’s gross vehicle weight (GVW) ratings of 4,000 kg [9,000 Ib] or more and having
dual tireson at least one rear axle.

In the passenger-car class, as defined above, most of the vehicles have similar operating
characteristics. In the truck class, operating characteristics vary considerably, particularly in size
and weight/power ratio. Despite this variation in the operating characteristics of trucks, the
average effect of al trucks in a traffic stream is smilar on most highways under comparable
conditions. Accordingly, for the geometric design of a highway, it is essential to have traffic data
on vehiclesin the truck class. These data generally indicate the major types of trucks and buses as
percentages of al traffic expected to use the highway.

For design purposes, the percentage of truck traffic during the peak hours should be
determined. In rura areas, comprehensive data usualy are not available on the distribution of
traffic by vehicle types during the peak hours; however, the percentage of truck traffic during the
peak hours is generdly less than the percentage for a 24-hour period. As the peak hour
approaches, the volume of passenger-car traffic generaly increases at a greater rate than does the
volume of truck traffic. Most trucks operate steadily throughout the day, and much over-the-road
hauling is done at night and during early morning hours. In the vicinity of magor truck and bus
terminals, the scheduling of regular truck and bus runs may result in the concentration of trucks
during certain hours of the day. However, because of the delays caused by other traffic during
peak hours, such schedules generally are made to avoid these hours.

For design of a particular highway, data on traffic composition should be determined by
traffic studies. Truck traffic should be expressed as a percentage of total traffic during the design
hour (in the case of atwo-lane highway, as a percentage of total two-way traffic, and in the case
of amultilane highway, as a percentage of totd traffic in the peak direction of travel).

Under urban interrupted-flow conditions, the criteria for determining traffic composition
differ from those used elsewhere. At important intersections, the percentage of trucks during the
morning and evening peak hours should be determined separately. Variations in truck traffic
between the various traffic movements at intersections may be substantial and may influence the
appropriate geometric layout. The percentage of trucks may aso vary considerably during a
particular hour of the day. Therefore, it is advisable to count trucks for the severa peak hours that
are considered representative of the 30th highest or design hour. A convenient value, that appears
appropriate for design use, is the average of the percentages of truck traffic percentages for a
number of weekly peak hours. For highway-capacity analysis purposes, local city-transit buses
should be considered separately from other trucks and buses.

64



Design Controlsand Criteria

Projection of Future Traffic Demands

Geometric design of new highways or improvements to existing highways should not
usualy be based on current traffic volumes aone, but should consider future traffic volumes
expected to use the facility. A highway should be designed to accommodate the traffic volume
that is likely to occur within the design life of the facility.

It is difficult to define the life of a highway because mgor segments may have different
lengths of physica life. Each segment is subject to variations in estimated life expectancy for
reasons not readily subject to analysis, such as obsolescence or unexpected radical changes in
land use, with the resulting changes in traffic volumes, patterns, and demands. Right-of-way and
grading may be considered to have a physica life expectancy of 100 years, minor drainage
structures and base courses, 50 years; bridges, 25 to 100 years; resurfacing, 10 years, and
pavement structure, 20 to 30 years, assuming adequate maintenance and no allowance for
obsolescence. Bridge life may vary depending on the cumulative frequency of heavy loads.
Pavement life can vary widely, depending largely on initial expenditures and the repetition of
heavy axle loads.

The assumption of no allowance for functional obsolescence is open to serious debate. The
principal causes of obsolescence are reduction in the traffic operational level of service resulting
from increases in the number of intersections and driveways, and increases in traffic demand
beyond the design capacity. With freeways, which have full access control and no at-grade
crossings, obsolescence due to increased number of intersections and driveways can be
eliminated. On other highway types, obsolescence due to addition of intersections and driveways
is much more difficult to forestall; this occurs particularly in urban and suburban areas, but may
occur in rural areas aswell.

It is a moot question whether the design capacity of a highway should be based on its life
expectancy. The decision is greatly influenced by economics. For example, a highway might be
designed for traffic volumes 50 years hence with the expectation that the pavement structure
would be restored in 20 to 25 years. However, if the added cost of a 50-year design over a design
with a 25-year life expectancy is appreciable, it may be imprudent to make a further investment
providing capacity that will not be needed for at least 25 years. The congtruction cost savings
could be used to construct another currently needed highway project. Furthermore, the cost of
increased maintenance for the larger highway would be avoided for at least 25 years. Also, most
highways are capable of handling higher traffic volumes than their design volume indicates, but
this may cause more inconvenience, such as a reduction in speed and less maneuverahility.

For example, a four-lane divided highway with a design ADT of 10,000 or 15,000 vehicles
per day could handle two or three times that design volume depending on severa factors
discussed later. Thus, the four-lane divided highway could adequately serve traffic long after the
design year and, in many cases, indefinitely.

In a practica sense, the design volume should be a vaue that can be estimated with
reasonable accuracy. Many highway engineers believe the maximum design period is in the range
of 15 to 24 years. Therefore, a period of 20 years is widely used as a basis for design. Traffic

65



AASHTO—Geometric Design of Highways and Streets

cannot usually be forecast accurately beyond this period on a specific facility because of probable
changes in the genera regiona economy, population, and land development along the highway,
which cannot be predicted with any degree of assurance.

Estimating traffic volumes for a 20-year design period may not be appropriate for many
reconstruction or rehabilitation projects. These projects may be developed on the basis of a
shorter design period (5 to 10 years) because of the uncertainties of predicting traffic and funding
constraints.

Speed

Speed is one of the most important factors considered by a traveler in selecting aternative
routes or transportation modes. Travelers assess the value of a transportation facility in moving
people and goods by its convenience and economy, which are directly related to its speed. The
atractiveness of a public transportation system or a new highway are each weighed by the
traveler in terms of time, convenience, and money saved. Hence, the desirability of rapid transit
may well rest with how rapid it actualy is. The speed of vehicles on aroad or highway depends,
in addition to capabilities of the drivers and their vehicles, upon four general conditions: the
physical characteristics of the highway and the amount of roadside interference, the weether, the
presence of other vehicles, and the speed limitations (established either by law or by traffic
control devices). Although any one of these factors may govern travel speed, the effect of these
genera conditions is usualy interrelated.

The objective in design of any engineered facility used by the public is to satisfy the public's
demand for service in asafe and economical manner. The facility should, therefore, accommodate
nearly all demands with reasonable adequacy and also should not fail under severe or extreme
traffic demands. Therefore, highways should be designed to operate at a speed that satisfies
nearly al drivers. Because only a small percentage of drivers travel at extremely high speed, it is
not economically practical to design for them. They can use the highway, of course, but will be
constrained to travel at speeds less than they consider desirable. On the other hand, the speed
chosen for design should not be that used by drivers under unfavorable conditions, such as
inclement weather, because the highway would then be inefficient, and possibly unsafe, for
drivers under favorable conditions, and would not satisfy reasonable public expectations for the
facility.

Operating Speed
Operating speed is the speed at which drivers are observed operating their vehicles during
free-flow conditions. The 85th percentile of the distribution of observed speeds is the most

frequently used measure of the operating speed associated with a particular location or geometric
feature.
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Running Speed

The speed at which an individual vehicle travels over a highway section is known as its
running speed. The running speed is the length of the highway section divided by the running
time required for the vehicle to travel through the section. The average running speed of al
vehicles is the most appropriate speed measure for evaluating level of service and road user costs.
The average running speed is the sum of the distances traveled by vehicles on a highway section
during a specified time period divided by the sum of their running times.

One means of estimating the average running speed for an existing facility where flow is
reasonably continuous is to measure the spot speed at one or more locations. The average spot
speed is the arithmetic mean of the speeds of all traffic as measured at a specified point on the
roadway. For short sections of highway, on which speeds do not vary materially, the average spot
speed at one location may be considered an approximation of the average running speed. On
longer stretches of rura highway, average spot speeds measured at severa points, where each
point represents the speed characteristics of a selected segment of highway, may be averaged
(taking relative lengths of the highway segments into account) to provide a better approximation
of the average running speed.

The average running speed on a given highway varies somewhat during the day, depending
primarily on the traffic volume. Therefore, when reference is made to a running speed, it should
be clearly stated whether this speed represents peak hours, off-peak hours, or an average for the
day. Peak and off-peak running speeds are used in design and operation; average running speeds
for an entire day are used in economic analyses.

The effect of traffic volume on average running speed can be determined using the
procedures of the Highway Capacity Manual (HCM) (15). The HCM shows that:

for freeways and multilane highways, there is a substantial range of flow rates over
which speed is relatively insenstive to the flow rate; this range extends to fairly high
flow rates. Then, as the flow rate per lane approaches capacity, speed decreases
substantialy with increasing flow rate.

for two-lane highways, speed decreases linearly with increasing flow rate over the
entire range of flow rates between zero and capacity.

Design Speed

Design speed is a selected speed used to determine the various geometric design features of
the roadway. The assumed design speed should be a logica one with respect to the topography,
anticipated operating speed, the adjacent land use, and the functiona classification of highway.
Except for local streets where speed controls are frequently included intentionally, every effort
should be made to use as high a design speed as practical to attain a desired degree of safety,
mobility, and efficiency within the constraints of environmental quality, economics, aesthetics,
and socid or palitica impacts. Once the design speed is selected, al of the pertinent highway
features should be related to it to obtain a balanced design. Above-minimum design values should
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be used, where practical. Some design features, such as curvature, superelevation, and sight
distance, are directly related to, and vary appreciably with, design speed. Other features, such as
widths of lanes and shoulders and clearances to walls and rails, are not directly related to design
speed, but they do affect vehicle speeds. Therefore, wider lanes, shoulders, and clearances should
be considered for higher design speeds. Thus, when a change is made in design speed, many
elements of the highway design will change accordingly.

The selected design speed should be consistent with the speeds that drivers are likely to
expect on agiven highway facility. Where a reason for limiting speed is obvious, drivers are more
apt to accept lower speed operation than where there is no apparent reason. A highway of higher
functiona classfication may justify a higher design speed than a lesser classified facility in
similar topography, particularly where the savings in vehicle operation and other operating costs
are sufficient to offset the increased costs of right-of-way and construction. A low design speed,
however, should not be selected where the topography is such that drivers are likely to travel at
high speeds. Drivers do not adjust their speeds to the importance of the highway, but to their
perception of the physical limitations of the highway and its traffic.

The selected design speed should fit the travel desires and habits of nearly al drivers
expected to use a particular facility. Where traffic and roadway conditions are such that drivers
can travel at their desired speed, there is dways a wide range in the speeds a which various
individuals will choose to operate their vehicles. A cumulative distribution of free-flow vehicle
speeds typically has an S-shape when plotted as the percentage of vehicles versus observed speed.
The selected design speed should be a high-percentile value in this speed distribution curve (i.e.,
inclusive of nearly al of the desired speeds of drivers, wherever practical).

Speed distribution curves illustrate the range of speeds that should be considered in selecting
an appropriate design speed. A design speed of 110 km/h [70 mph] should be used for freeways,
expressways, and other arterial highwaysin rura aress.

It is desirable that the running speed of alarge proportion of drivers be lower than the design
speed. Experience indicates that deviations from this desred goa are most evident and
problematic on sharper horizontal curves. In particular, curves with low design speeds (relative to
driver expectation) are frequently overdriven and tend to have poor safety records. Therefore, it is
important that the design speed used for horizontal curve design be a conservative reflection of
the expected speed on the constructed facility.

Where the physica features of the highway are the principal speed controls and where most
drivers choose to operate near the speed limit, a design speed of 120 km/h [75 mph] would serve
avery high percentage of drivers. On a highway designed for this speed, only a small percentage
of drivers might operate a higher speeds when volume is low and al other conditions are
favorable. However, for a design speed of 80 km/h [50 mph], satisfactory performance could be
expected only on certain types of highways. When a low speed design is sdlected, it may be
important to have the speed limit enforced during off-peak hours.

On many freeways, particularly in suburban and rura areas, a design speed of 100 km/h
[60 mph] or higher can be provided with little additional cost above that required for a design
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speed of 80 km/h [50 mph]. If the freeway alignment is relatively straight and the character and
location of interchanges permit design for high-speed operation, a design speed of 110 km/h [70
mph] is desirable.

Generdly, there is no distinction in design speed between ground-level, eevated, and
depressed freeways. However, the operating characteristics of elevated freeways differ from those
on depressed freeways. On a depressed freeway, traffic exits the freeway on upgrade ramps and
enters the freeway on downgrade ramps, which encourages good operation. By contrast, on an
elevated freeway, traffic exits the freeway on downgrade ramps and enters the freeway on
upgrade ramps, which is less desirable because vehicles entering the elevated freeway on an
ascending grade, particularly loaded trucks, require long distances to reach the running speed of
the freeway. Furthermore, vehicles leaving the elevated freeway on a descending grade need
additiona braking distance before reaching the arterial street, and therefore, may tend to ow
down in the through-traffic lanes in advance of the ramp termina. Parallel deceleration lanes or
longer ramp lengths and lesser grades are frequently used on elevated freeways to reduce the
likelihood that vehicles will dow in the main lanes. Nevertheless, running speeds on elevated
freeways are apt to be dightly lower than those on similar depressed freeways, especially when
access points are closaly spaced. In northern climates, elevated structures are subject to rapid
freezing of precipitation as aresult of their exposure; the use of lower superelevation rates may be
appropriate under such conditions. Although speeds on viaducts are less than those on
comparable depressed sections, the difference probably is small. Therefore, design speeds of 80
to 110 km/h [50 to 70 mph] apply to both elevated and depressed freeways.

Given an overall range in design speeds of 20 to 120 km/h [15 to 75 mph] used in geometric
design, it is desrable to select design speeds in increments of 10 kmv/h [5 mph]. Smaller
increments would result in little distinction in the dimensions of design elements between one
design speed and the next higher design speed; larger increments of 20 to 30 kmvh [15 to 20 mph]
would result in too large a difference in the dimensions of design features between any two
design speeds. In some instances, however, there may be an advantage in using intermediate
increments to effect changes in the design speed. Increments in design speed of 10 knvh [5 mph]
should also be used in the design of turning roadways, ramps, and low-speed roads.

Exhibit 2-29 shows the corresponding design speeds in metric and U.S. customary units in
10-km/h [5-mph] increments. This table should be used in converting the units of measurement of
design speeds.

Although the selected design speed establishes the limiting values of curve radius and
minimum sight distance that should be used in design, there should be no restriction on the use of
flatter horizontal curves or greater sight distances where such improvements can be provided as a
part of an economica design. Even in rugged terrain, an occasional tangent or flat curve may be
desirable. Isolated features