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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.
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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
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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.



AASHTO—Geometric Design of Highways and Streets

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
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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
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Exhibit 2-3. Minimum Turning Path for Passenger Car (P) Design Vehicle
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AASHTO—Geometric Design of Highways and Streets
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Exhibit 2-4. Minimum Turning Path for Single-Unit (SU) Truck Design Vehicle
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Design Controlsand Criteria
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* 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
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Exhibit 2-6. Minimum Turning Path for Inter
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« Assumed steering angle is 44.4°
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city Bus (BUS 14 [BUS45]) Design Vehicle



Design Controlsand Criteria
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* Assumed steering angle is 41 °
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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
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* Assumed steering angle is 37.2°
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